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Diversity and International
Perspectives

School of Education
University of Michigan
Ann Arbor, MI 48109

The papers in this section clearly reflect that, as a field,
we have moved beyond discussions of how to teach about
information technology to how to incorporate information
technology into the preparauon of teachers. More impor-
tantly, these authors are critically reflective not only about
what that means but also about the implications it has for
our responsibilities as teacher educators. These authors do
not present technology as a panacea that will "cure" what
ails teacher education but, rather, as a reality that we and the
teachers we prepare will encounter with increasing fre-
quency. Teachers, as well as other citizens of the world,
must be enabled to use technology in their daily lives if they
are to become full participants in an increasingly intercon-
nected global environment. But, because they are teachers
as well, they must also be prepared to use technology in
their professional lives in ways that assure the full develop-
ment of all of their students.

This is the important focus of the papers by these
authors. They each present an important issue for us to
consider as we reflect on how well our own uses of informa-
tion technology foster the development of our students as
professionals. Are we using technology to provide an
equitable and quality education for all students or do we
integrate it in ways that continue current inequities or create
new ones? How thoughtfully have we planned for the
incorporation of information technology into our teacher
education programs and into the schools that the teachers
we prepare will work in? Are we appropriately critical of
the software we use does it reflect our needs rather than
the developers' needs? Are there lessons teacher educators
can learn from other countries and how they have integrated
technology into education? What factors may play a role in
determining if and how teachers use technology in the
classroom? How can teachers establish an environment in
their classroom that encourages all students to have positive
experiences with technology? Are there other goals of
teacher education that should be considered when educating
pre-service or in-service teachers about information
technology? These are some of the critical questions that
come to mind when looking to the future of the role of
technology in teacher education. The authors in this section
provide insight into these and other questions related to the
important topic of diversity and technology.

The paper by Assheton-Smith highlights the importance
of integrating the provision of equipment, the preparation of
both in-service and pre-service teachers, and the develop-
ment of appropriate software. His discussion of the
Computers in the Schools and Colleges Project currently
underway in the Cape Province in South Africa clearly
shows how each element is a necessary but not sufficient
condition for preparing teachers who are computer-literate.
All elements, provided in a coherent and integrated fashion,
are essential. An exciting aspect of the Computers in the
Schools and Colleges Project is the incorporation of a
research and development component to not only assess the
overall project but to develop software-based teaching
materials relevant to local curricula to eliminate and/or
address the possible cultural and technical bias of software
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developed overseas. This is not an issue that has been
addressed by many of us in the past.

Drawing from their experience teaching in a Diploma
proizram in Educational Computing at the 'Jniversity of Port
Elizabeth in South Africa. Bean and Cowl y provide a
broad consideration of the state of technology preparation
for teachers in South Africa today. They emphasize not
only the limited degree of preparation in the educational use
of computers that all teachers have had but also point out
discrepancies in that training. This is particularly distressing
given the ethnic composition of teachers in South Africa.
Although the majority of teachers are Black, they have had
the most limited preparation in the educational uses of
computers. Bean and Cowley's discussion of their own
program, however, points out how education can serve as
not only an environment forproviding skills and knowledge
but as a context for social change. They shift our consider-
ation of technology preparation to a more complex level.
They encourage us to think beyond teaching students about
technology or incorporating technology into our programs
to thinking about how the accomplishment of both of those
goals can foster the development of more important goals

such as inter-group cooperation.
Patrick Bean suggests that technology can be used to

overcome current educational crises. Although he focuses
specifically on the crisis in South Africa, his suggestions
have wide applicability. He discusses factors imluencing
the successful implementation of technology. These factors
have implications for the successful implementation of any
educational change. They include political influence
exerted in a supportive way; a strong economy to fund
change; coherent and integrated planning; private sector
support; the involvement of teacher education; computer
literacy at all levels of the community; building on existing
projects, initiatives, and skills; and employing information
technology as a facilitator. As he further notes in relation to
information technology, "any country, community, or
organization not ma-imizing the use of information
technology will suf.cer from an ever-widening deficit in
contrast with countries utilising it in a directed manner."
This makes our responsibility for preparing teachers to be
thoughtful users of technology even more significant.

Knezek and his colleagues' paper informs us that South
Africa is certainly not alone in trying to discover how best
to educate teachers about technology. They compare the
approaches of China, Japan. Thailand, and the United States
of America (USA). There are some striking similarities
across these four countries which suggest that many patterns
in teacher education and technology are widespread. For
example, although teachers are growing more enthusiastic
about the use of technology in the classroom, they continue

to receive inadequate training. The authors suggest that
given the similarities across these countries, problems
encountered in the USA may foreshadow future problems in
other countries. An unfortunate trend in the USA is that the
majority of teachers who have resources and adequate
training do not use technology in their classrooms. This
trend suggests that resources and training are necessary, but

not sufficient components of a plan to include the use
technology in the curriculum. Teaaer educators must take
seriously the responsibility they have for preparing teachers
who will actually use available technology. Knezek et al.

point out that an important first step toward this goal is that
teacher educators must educate themselves about technol-

ogy.
Yuen-kuang Cliff Liao and Su Chin Shih suggest that

there may be more to using computers in the classroom than
training and resources. They argue that more needs to be
known about individuals' attitudes towards computers. Not
surprisingly, past research has indicated a positive relation-
ship between computer attitudes and computer literacy. In
their study, they exarr.ined the computer attitudes of
ur.dergraduate students. The results indicated that gender
may be an important factor to consider when training pre-
service or in-service teachers to use technology. In general
all students had positive computer attitudes, but the male
students in their study had more positive attitudes than the
female students. In addition, they found that there were
different patterns of attitude change for males and females
as they gained more experience. Males tended to be more
confident and like computers more in a relatively short
period of time (0-3 months). For females, however, there
was an increase in positive computer attitudes after 6
months of computer experience. This result may have
important implications for the computer education of
teachers. Female teachers may require frequent and
relatively long term compPter training in order to produce
the positive computer attitudes that will lead them to
incorporate available technology into their curriculum.

The relationship between gender and technology is also
that Hutchinson and Kung explore in their paper. They

point out that although the National Council of Tea -*tiers of
Mathematics (NCIM) has advocated the need for all
citizens to be mathematically literate, females are much less
likely than males to choose careers related to math (e.g.,
engineering). Research has shown that there are many
reasons for this gender gap, such as lack of female role
models and teacher attitudes about girls and math.
Hutchinson and Kung describe their project which was
aimed at increasing the number of girls interested in math
related careers. They propose that not only do teachers need
to be aware of the gender issues related to math education,
they also must be familiar with ways that computer technol-
ogy and manipulatives can be used successfully with female
students. Teachers who participated in the program have
gone back to their schools and taken on the responsibility of
educating their fellow teachers about these issues. This kind
of dissemination of information is crucial if advances are to
be made in reducing the gender gap. Teacher education
must not only encourage teachers to be sensitive to different
needs as students learn about technology but must also help
them devise ways of approaching curriculum differently,
given these afferent needs.

Robertson argues in his paper that there are ways to
educate prospective teachers about technology and issues
related to diversity at the same time. Technology can be
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used as a means of increasing pre-service teachers' sensitiv-

ity to and understanding of cultural diversity. He describes
an approach to teaching the use of technology in the
classroom through the use of a data base of Black and
Hispanic owned businesses. As students learned various
techniques, such as sorting, they also were educated about a
segment of business owners of which there is little public
awareness. It is through methods such as these that pre-
service teachers' stereotypical beliefs about cultural groups
are challenged in a non-threatening, non-confrontational
manner. There is little disagreement that teacher education
must prepare teachers to use technology in the classroom,
but this goal need not be accomplished without attention to
other important goals, such as promoting cultural awareness
and understanding.

These papers clearly convey the permanent place that
technology has in education and, therefore, must have in
teacher education as well. One question that naturally
follows is what is the role of the individual teacher educa-
tor? In some respects this will differ depending on the
particular circumstances of the region or country the teacher
educator teaches in. However, largely because of technol-
ogy, our world is becoming one community and therefore,
many of our technological needs are similar. A consistent
theme in these papers is that diversity issues are extremely
important considerations when looking to the future of
technology. Whether we are referring to Blacks in South
Africa, citizens in developed countries, women, or minori-
ties in the USA, all groups must have access to technology.
Teacher educators throughout the world must take responsi-
bility for making certain they and the pre-service and in-
service teachers they work with are adequately educated
about the issues discussed in these papers if there is to be
significant progress in the quality of technology education
students receive and. in turn, how well we are all able to
positively contribute to an increasingly, interconnected
global environment.

Helen Harrington is an assistant professor in the Educa-
tional Studies Program, School of Education. University of
Michigan, Ann Arbor, MI 48109 e-mail:
helen.harrington@um.cc.wnich.edu

Kathleen Quinn-Leering is a doctoral student in the
Combined Program in Education and Psychology. Univer-
sity of Michigan, Ann Arbor, MI 48109
e-mail: kathleen.quinn-leering@um.cc.umich.edu
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Getting Computers into
the Classroom a South

African Perspective

M. C. Assheton-Smith
Port Elizabeth Teachers' Centre

Education during the apartheid years in South Africa
was based on ethnic, tribal, and language groupings. The
underlying philosophy behind this segregation was the
concept of mother-tongue instruction for the initial years of
education. As a result, school education in South Africa is
currently controlled by 17 education departments, of which
four provide for white pupils, one each for Coloured pupils
(people of mixed race) and Indian pupils and the remainder
for Black pupils, including the homelands and the self-
governing states (Clark, Hosticka & de Neuilly Rice, 1993).

During the 1980s several attempts were made to
introduce computers into classrooms. These initial projects
achieved only limited success for a variety of reasons, not
least due to the emphasis on the provision of equipment
rather than on training teachers to use the equipment. There
have been similar experiences in other countries around the
world (Hawkridge, Jaworski and McMahon, 1990).

The Computers in Schools and Colleges
Project

In the second half of 1991, after an 18 month planning
phase, the Department of Education and Culture: House of
Assembly and the four provincial education departments
associated with it jointly launched a project for computer-
based education in schools and colleges. Each department
has proceeded along its own path within the guidelines laid
down for them. The discussion that follows outlines the
process, identified as the Computers in Schools and
Colleges Project (CISC), developed by the Cape Education
Department.

As indicated above, earlier individual attempts by
schools to introduce information technology were largely
aimed at providing hardware and software for classroom
use. Just as Davis (1992) found in the United Kingdom,
these initial attempts failed to include teacher education
institutions. Training of teachers was mostly carried out
internally by schools on an ad-hoc basis, allowing many
teachers not interested in the new technology to opt out of
the process. The CISC project aims to avoid these shortfalls
by only providing equipment to schools where teachers
have fulfilled minimum training requirements, either pre-
service or in-service. The project is also intended to address
another problem area. Schools and teachers have been
unable to integrate information technology into most
subjects. Initial investigations indicated that subject syllabi
provides only the most scant details of any integration and
little if any software was available which covered content
included in local curricula. This was particularly evident in
secondary schools. Cultural and technical bias (Harrington,
1993) in software developed overseas was often overlooked.
To address these issues the project, broadly speaking, is
based on three parallel processes:
I. The provision of computer equipment and software to

schools on a phased basis and the provision of in-service
computer-literacy training for teachers.

2. The provision of equipment and software to teacher
training colleges for the training of pre-service teachers.
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3. The establishment of project schools for the testing and
development of software-based teaching material for
local curricula.

As a result of sanctions, South Africa is essentially a
single platform environment, based on the PC clone market.
It was. therefore, easy to standardise training based on the
configuration of the equipment to be provided to schools.
Budget constraints and the need to provide large amounts of
equipment resulted in participating schools receiving
batches of equipment consisting of two computers, a printer
with a sharer, and copies of an integrated software package
on an annual basis until a maximum ratio of one computer
per 50 pupils is reached.

Software selection is an ongoing process. As the initial
thrust of the project is aimed at teacher training in basic
computer literacy, it was decided to supply an integrated
software package with all equipment. Microsoft Works was
chosen for this purpose. In order to qualify for each batch
of equipment, participating schools are required to send at
least two teachers to the local Teachers' Centre for a week
long in-service training course on Microsoft Works.

A cascade approach to training is employed. l'his
approach requires that the individuals who receive initial
training from specialists at their local Teachers' Centre
assume responsibility for training their colleagues at school.
As Hawkridge.and McMahon (1992) point out, the success
of a cascade training system depends heavily on the trainers
at each level of the cascade. They must be provided with a
robust support structure and an effective communications
system to assist them in the process.

To this end the Teachers' Centres in the Cape Province
provide a node for supporting teachers through in-service
training, technical assistance, and subject-related support.
As the project progresses, careful monitoring of the skills of
teachers at all levels of the cascade will need to be made in
this area. A process of feedback from the lower levels of
the cascade will need to be implemented in order to expand
the network of trained, technologically capable teachers
within the system. This is where the real return on the
investment in equipment will be realised.

The training itself has evolved during the project and
emphasises:
1. A hands-on approach to the four basic applications in

MS-Works using curriculum-based examples. Teachers
are encouraged to experiment for themselves.

2. The relationship between information technology and
the curriculum.

3. The teacher as the learner concepts that they find
difficult to grasp may also be difficult for them to teach
to other teachers in the training cascade or to teach to

pupils.
4. Didactic strategies for the implementation of the new

technology in the classroom.

The first two years of this phase of the project are, thus,
aimed at the provision of small amounts of equipment for
the teaching of basic computer literacy skills to all teachers

in the participating schools. At the same time all pre-service
teachers at teacher training colleges are required to take a
computer literacy course based on the same integrated
software and training approach.

Concurrently, several Project Schools have been
identified. These schools, in contrast to other schools, have
been provided with fully equipped computer laboratories
and the staff given intensive in-service training. The task of
the project schools is to (a) test curriculum-based software
developed/purchased for the project; (b) develop in-hc use,
end-user type packages that can be used in conjunction with
MS-Works or similar integrated software. Once these
computer-based lesson packages are complete, they 1.4 ill be
lodged with the National Film Library where they will be
available to any teacher at any school; (c) develop didactic
strategies for the implementation of computer technology in
the curriculum; and (d) provide a valuable support mecha-
nism for teachers training in the cascade. In the years ahead
it is hoped that, as more equipment becomes available and
more trained teachers are able to avail themselves of pre-
tested software modules, the integration of computer
technology into daily subject teaching will occur naturally
in the schools participating in the project.

There are both positive and negative aspects of the
project. The positive aspects of the project are that:
1. Fourteen hundred teachers a year receive

computerliteracy training in the Cape Province.
2. The project has raised the level of awareness among

teachers of the computer as a teaching aid and has
increased the frequency of use in the classroom.

3. Many schools have undertaken fund-raising drives to
supplement the computer equipment provided.

4. Standardisation on one software package that can be
used for training purposes has been completed.

5. MS-Works provides a development path from a DOS
version to a Windows version.

6. Ready made computer-based lessons for teachers are
available.

7. Several schools are already experimenting with more
advanced technology such as CD-ROM, downloading
satellite weather data, and computer-based measurement
in the science laboratory. These individual efforts are
often in conjunction with commercial enterprises.

In contrast, the negative aspects of the project are that:
I. The process of supplying equipment is slow.
2. Schools may end up with a variety of equipment from

ATs to 486s.
3. The process of mastering the new technology in the

project schools has taken longer than initially expected.
4. All schools in South Africa can not be involved at this

time.

Futurs Developments
A single Education Department will be established by

April 1994. Between eight and ten regional educational
authorities will be established, all answerable to the central
education department which will provide for one examining
body, one curriculum body, and one education policy.
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Education systems exist within social and political
systems (Hawkridge, 1987). Until South Africa completes
the changes it is undergoing in its social and political
systems it will be difficult to assess the exact positioning of
the CISC project within the new structures. It is encourag-
ing to note that policy speeches by major political leaders
indicate a movement away from academically based
education towards vocationally oriented education. This
will pave the way for the introduction of subjects such
Technology and Information Systems as subjects in the
secondary curriculum.

No matter what the changes, in-service training of
teachers will remain a major priority it is generally
accepted that currently 30 - 40% of teachers are under-
qualified. Clark, Hosticka and de Neuilly Rice (1993)
clearly illustrate the problems facing education in the new
South Africa. Distance education, tele-tuition, and com-
puter-based education will all need to play a role. The
lessons learned through the success of the current Comput-
ers in Schools and Colleges Project will provide a model for
the use of computers in education in the new South Africa
of the 90's.
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Preparing Educationally
Computer Literate

Educators for the "New"
South Africa

Patrick Bean
University of Port Elizabeth

Lester Cowley
University of Port Elizabeth

2 1

The University of Port Elizabeth is one of two universi-
ties in South Africa to offer a two-year, part-time, Further
Diploma in Education in Educational Computing. The
diploma program was initiated in January 1993 with a
multi-cultural group of 40 in-service teachers. For the
purpose of this diploma, the term "educational computing",
is used as an all-inclusive and neutral concept, incorporating
all the modes of computer use in schools.

Background
A report on a South African government-initiated

investigation into computer literacy training in South Africa,
undertaken jointly by the National Training Board (NTB)
and the Human Sciences Research Council (HSRC), was
published on 23 August 1991 (Department of Manpower,
1991). This investigation resulted in the formulation of an
action plan/strategy to ensure that, by the year 2000, all
school leavers would be functionally computer literate an
overly ambitious goal given the realities of South Africa.

The Educational Renewal Strategy (ERS) and the
National Education Policy Investigation (NEPI) also
support the need for teachers to be educated in the applica-
tions of information technology in schools (Department of
National Education, 1992; National Education Co-
ordinating Committee, 1993). The intent is to restructure the
South African education system to correct past imbalances.

In 1992 the ethnic composition of the 310, 000 teachers
in South Africa was as follows: 65% Black, 18% White,
13% Coloured (mixed race), and 4% Indian (National
Education Co-ordinating Committee, 1993). Furthermore,
research undertaken by the authors (Bean & Cowley, 1993)
indicates that amongst teachers in nearly 400 schools:
1. Only 10% of the White, Coloured, and Indian tea:hers

(taken as a group) and less than 1% of the Black teachers
had taken a computer course during pre-service training.

2. Nearly 10% of White, Coloured, and Indian teachers
(taken as a group) received in-service computer training
and/or undertook part-time studies in computer literacy
whereas only 2% of their Black counterparts did so.

3. Less than 2% of the Black teachers use a word processor
for 2 hours or more per week but 15% of the other group
does.

It is clear that few South African teachers have sufficient
skills in the educational use of computers and that there is a
definite need for training in this field.

Rationale for Curriculum Content
The diploma program is a response to the needs and

problems discussed above. The primary aim is to equip and
prepare in-service teachers to act as computer coordinators
and innovators in their respective institutions and this
entails:
1. Promoting the use of computers in all school activities.
2. Directing and managing computer literacy programmes

for students.
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3. Assisting.their colleagues in becoming "educationally"
computer literate through in-service training, workshops
and support.

4. Guiding cross-curricular educational computing applica-
tions in all subject areas.

5. Co-ordinating the use of computers in administration.

The secondary aim of the diploma program is to expose
teachers/lecturers (our students) to new developments in
educational computing (e.g., internatimal trends, multime-
dia applications, didactical and methodological principles).
Niess (1991) compared the internaticnally accepted
competency guidelines drafted by the Northwest Council for
Computer Education (NCCE) and the Oregon State
University in 1989-90 with those drafted by NCCE in 1983.
In answer to the question of what teachers should know
about computer technology in order to be competent
computer usin3 teachers in the 1990's, she suggested the
following synopsis of competencies: all teachers in the 90's
must (a) be comfortable with computer technology,

(b) be knowledgeable about the impact of computer
technology on and in society, c.nd (c) teach using computer
technology.

Diploma Program
A comparison of the primary and secondary aims of the

Diploma with Niess' synopsis of competencies indicates
that Diploma satisfies these criteria. This can be seen by
examining the program structure, student selection, and the
hardware and software utilized.

Course structure

Two years of part-time study:
First Year Second Year

Educational Computing 1 Educational computing 2

Computing Practice 1 Educational computing 2

Methodology of
Educational Computing 1

Selection of Students
The minimum admission requirements for the program

are that applicants must be professionally qualified teachers
with an approved training of at least M+3 (12th grade plus
three years post-school teacher education). A marketing
drive, targeting all schools within an 80 kilometer radius of
the University, drew tremendous interest from teachers
across the cultural spectrum. Applications ranged from
junior school teachers to lecturers at technical and teacher-
training colleges. Most of the applicants were White and
Coloured teachers/lecturers. This teacher/lecturer profile can
be attributed to the active promotion of computer integration
in their schools and colleges.

We selected 40 students for the diploma program based
on (a) available facilities and manpower constraints; (h) a
diversity of subject areas, school phases, and cultures; and

(c) to assist certain schools and colleges who had appointed
a non-educationally computer literate staff to train their
students in Computer Literacy!

Hardware and Software Utilised
The students have access to a laboratory of 40 33 MHz,

486SX workstations, all with SVGA displays and 120 MB
local hard disks, networked together. Software includes a
standard integrated package, a variety of open-ended and
closed CAL software, a school administration system, and
system utilities. These facilities have proved to be adequate
for our students' educational needs.

The Diploma - One Year On
It has been very interesting to teach in the diploma

program. The interaction of the students with course
material and each other reflect the challenges and problems
of a society made up of diverse groups in the throes of
fundamental change.

When the diploma started, students cited two reasons
why they had enrolled. They either had an interest in
educational computing and a desire to improve their
qualifications or they believed that a further qualification
would lead to an increase in salary. Those students regard-
ing one as more important seem more motivated than those
who regard two as more important, although the gap
between the two groups has narrowed.

As a group, the students have become more knowledge-
able and aware of the possibilities of educational computing.
A substantial number of the students have bought, or are
planning to buy, their own personal computers and software.
Some students have assumed the roles of innovators and
catalysts for change in their institutions and are training
fellow educators and/or are developing simple information
systems.

The class is still divided on racial grounds, with students
tending to associate with those of their own race (Whites
with Whites, Coloureds with Coloureds, Blacks with
Blacks) when working in groups and doing practical work,
despite being encouraged to interact by the lecturers. Inter
group co-operation is increasing, however, and there is a
friendly and positive atmosphere in the class, with no
apparent inter-racial friction.

Progress in the Diploma has tended to be most rapid for
the White students, less rapid for the Coloured students, and
least rapid for the Black students, although these differences
are decreasing. They are due to historical and current
disparities in access to educational resources in general, and
to computing resources in particular. These differences are
going to require a lot of time, effort, and money io elimi-
nate.

Conclusion
Teaching in the diploma program has been a rewarding

experience for the authors. It will be interesting to observe
the evolution of this program in the years to come, as well
as the contributions to educational computing that students
awarded the diploma will make.
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Computers in South
African Schools: Quo

Vadis?

Patrick Bean
University of Port Elizabeth

The future of computers in South African schools is
clouded by the many uncertainties surrounding the nature of
the future educational dispensation in what is popularly
referred to as the "New" South Africa.

The Present Situation
The extent of the current education crisis in South Africa

is enormous. The profile of the education level of the
population currently in employment consists of 30% with
no formal education, 36% with only primary education,
31% with secondary school education, and 3% with tertiary
education (Hofmeyer and Buckland, 1992). According to
Du Preez (1991), the South African population is expected
to double from approximately 35 million in 1991 to
approximately 70 million in 2020. Furthermore, he
forecasts that the Black school population (now 75% of the
total school population) will increase threefold from
approximately five million to 15 million over the same
period.

As National Education Minister Net Marais has
indicated, because the number of students increases by
about 500, 000 per year an extra 500 schools are needed
annually (E.P. Herald, 1993). This problem is exacerbated
by the fact that, in 1992, 20% of the total South African
national budget was already allocated to education, the third
highest in the world based on percentage of total budget
(National Education Co-ordinating Committee, 1993).

According to Mills (1990), the available statistics reveal
that the educational crisis in South Africa cannot be
overcome by conventional or traditional methods. Over and
above the ever-increasing financial resources that must be
provided new and innovative teaching methods, including
the application of technology, need io be incorporated.

Current South African educational policy, largely
because of the decentralisation of educational policy
making, lacks consistency and coordination in respect to
computers in education (Bean, 1992). Computers, (some of
them obsolete) have been provided to schools in an uncoor-
dinated fashion. Some computers have been provided
through segregated departments of education, others via
donations, and some through the efforts of teachers or
parents in individual schools. As would be expected,
schools serving more affluent communities have fared best,
quickly widening the gap between privileged and under-
privileged pupils. The use of computers in White schools in
particular has become widespread, with many of these
schools acquiring computer equipment on an ad hoc basis.

At the other end of the scale,1:owever, Black schools
(which constitute the vast majority of schools in South
Africa) are in a very unfortunate position. These schools
have not received any computer equipment from their
respective departments and few are in a position to enjoy the
'luxury' of computers. Contributing factors include socio-
economically disadvantaged parents, minimal private sector
support, overcrowded schools, and the absence of electricity
in many rural schools.

One positive aspect, though, does emerge from the study
of these imbalances. The lessons learnt through the
computer integration initiatives of certain departments of
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education and tertiary institutions in South Africa (Bean,
1992) can serve as a foundation for a future national
computer integration policy and, thereby, eliminate costly
mistakes and time-consuming planning.

The Future: The General Election, April
1994

Drastic changes are due to take place in the education
system of South Africa after the fust fully democratic
elections for a Government of National Unity on 27 April
1994. It is anticipated that South Africa will be divided into
six or seven regions, each receiving a certain degree of
autonomy in the execution of a national education policy.
The burning educational questions facing the soon-to-be-
elected interim government include:
..1. How can equal educationalopportunities be provided?
2. What educational standards can be applied/afforded?
3. How can the problem of illiteracy be tackled?
4. How can an adequate number of qualified teachers be

provided for the future?
5. How can existing under-qualified teachers be adequately

trained through the INSET programme?
6. Will the interim government find constructive alternatives

for the millions of young people (the "lost generation")
who have been denied an education?

7. How can a high level of basic education, on which to
build skills needed for economic growth, be structured?

Two very important documents concerning a future
national education policy for South Africa were published
during 1992 and 1993. The Educational Renewal Strategy
(ERS) and the National Education Policy Investigation
(NEPI) clearly state the views of two major role-players in
the forthcoming elections the present government and
the African National Congress (Department of National
Education, 1992; National Education Co-orOinating
Committee, 1993).

The ERS and NEPI documents do not deal with the use
of computers in schools in great detail and it would there-
fore be pointless to attempt to predict the educational
computing policies of these parties by attempting to "read
between the lines" of these documents. It is clear, however,
that one of the most important precondition for the applica-
tion of computers in the new education system is the
development of a comprehensive plan addressing the future
integration of the current fragmented system.

A National Policy on Computers-in-
Schools for South Africa

The present situation regarding computers in schools in
South Africa typifies how damaging the lack of a national
policy based on a dominant rationale, i.e., social, voca-
tional, pedagogic or catalytic (Hawkridge, 1990) can be.
The new Ministry of Education in South Africa must base
its computers-in-schools policy on one or more of the
rationales listed above. Although the government may
initially lack the money to do as they wish as well as being
unable to give computers high priority, they can make
important policy decisions and determine at what stage
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computers should receive a higher priority. The following
two key issues, in particular, relating to computers-in-
education need to be addressed as a matter of urgency.

Touching with Compute, j
Should computer-based education be considered an

important way to improve the quality of teaching and
learning in South African schools and address the high
drop-out rate of students from disadvantaged communities?
hi White education, 'at present, approximately 82% of
students entering school pass Standard 10 (12th grade). The
corresponding figure for students in Black schools, how-
ever, is as low as 20% (Department of National Education,
1992). The shortfall of adequately trained teachers is often
mentioned as the primary cause of this discrepancy. In the
South African context the effectiveness of teachers can be
improved by supplementing their knowledge and improving
their ability to handle large groups of students at a time.
The experience of the University of the Western Cape is of
great interest in this regard. As Mehl (1991) indicates, "two
tutors easily manage 1000 participants per week. It
continues to be striking how easily students from the most
disadvantaged backgrounds in the Cape Peninsula adapt to
the use of high technology."

Teaching about Computers
Should information technology be included in the

national curriculum? At a conference on the restructuring of
education in South Africa in 1993 the following statement
was made: "The school curriculum is like the national flag;
it is the most concrete and tangible expression of national
values" (Centre for Science Development, 1993, p.5). The
South African labour market is increasingly demanding
workers with the necessary literacy skills. This includes
being computer literate. It is evident from international
trends that skills related to computer technology are
increasingly being included in core curricula (Department of
National Education, 1992).

Implementing Computers in Education:
Success Factors

It seems likely that the government elected in April 1994
will answer yes to both the above questions. When and how
can only be answered by gazing into a crystal ball at this
stage! According to Moiloa and Perold (1993) "the
introduction of educational technology in South African
education will require, like everything else, a democratic
approach underpinned by the principle of equity" (p. 22).
Nevertheless, the following critical success factors for
educational computing initiatives in general, and computers-
in-education specifically, can be identified and should be
addressed by the new government.

Political influence
Politics, education, and the political influence on

education are always inextricabily intertwined. This is even
more so the case in the atmosphere of liceration currently
being experienced in a South Africa in transition. A
legitimate and politically validated education policy is
crucial for South Africa's progress towards an education
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system in which all students enjoy equal educational
opportunities and a quality education. If political influence
is exerted by means of destructive strategies (i.e.,
overemphasising the socio-economic factors for political
gain) the continued availability of educational opportunities,
not to mention quality education, may be undermined.

Economic Growth
Every attempt should be made to increase South

Africa's poor rate of economic growth, to raise the standard
of living of its inhabitants, and to make more money
available for education. As the Minister of National
Education indicated, South Africa would only have a chance
of financing an education system which provided nine years
of compulsory education if there was a growth rate of at
least three percent in GDP and if six percent of GDP went to
education (E.P. Herald, 1993). Without a stronger and
stable domestic economy to employ school leavers and
other learners, the long-term benefits of education for all
will be severely constrained (Centre for Science Develop-
ment, 1993).

Planning
A sound national computer integration policy must be

formulated in consultation with all interested parties and the
broader community (the stakeholders). This implies top-
down planning from the macro to the micro levels, guided
and directed by the broad goals of a central education
strategy.

Establish Private Sector Interest In Education
If it is expected that a national education strategy should

support a central economic strategy (i.e., full employment),
and taking into consideration the demands for a market
oriented education strategy, it goes without saying that the
private sector should establish a substantial interest in
education. Local and international investments in educa-
tional initiatives should be encouraged, including comput-
ers-in-education. In addition, coordination must be
centralised. The involvement of the private sector is the
only obvious way, from a financial stand point, to make an
information technology policy in education practical.

Prioritise Teacher Education
Educational computing training should be included as

one of the minimum criteria requirements for teacher
education on a national basis. Educationally-oriented
computer literacy training programs must also be developed
for all practicing teachers. Empowering teachers to apply
computers in administration, materials preparation and
production, assessment, and teaching support are likely to
improve their.efficiency and productivity (Moiloa and
Perold, 1993).
Maximum Computer Uteracy For The Population

If the road to success in education lies in technology it is

essential that computer literacy be established at all levels of
the community. One solution would be the creation of
"Community Learning Centres", staffed by specially trained
personnel, that would offer access to computcr facilities to
the broad community. Accredited certificate and/or diploma

courses in information technology or basic computer
literacy at school level should also be offered at schools and
tertiary instindions where the necessary hardware, software,
and expertise are available. This will provide an opportu-
nity for all students to obtain a qualification that would
make them more employable upon leaving school.

Utilise Existing Projects, Initiatives, and Skills
Currently successful computers-in-schools projects, out-

reach programmes, and other initiatives by tertiary institu-
tions should be supported in order to keep the momentum
going. In addition, these initiatives must be extended to as
many Black schools as possible. The critical lack of
appropriate computer-assisted learning (CAL) courseware.
specifically designed for South African requirements,
should be dealt with at central government level. Existing
development and expertise in this field, as well as the
distribution of CAL software, should be coordinated under
the guidance of a national "software clearing house"
functioning under the auspices of the National Education
Department.

Employ Information Technology as a Facilitator
in Education Processes

Financial and resource limitations in South Africa
necessitate provision for learning outside conventional,
formal classroom contexts. Independent study is an
important element of a future education system and
information technology can facilitate this. In this regard. the
following modes should be used (Mehl, 1990: Lippert &
Knoetze, 1991; Mills, 1991, McGregor &McGregor, 1992):
(a) interactive computer-assisted learning, (b) distance
education, and (c) small-group and cooperative learning
processes.

Conclusion
There are a vast number of needs competing for priority

in South Africa. The attempt to redress decades of inequal-
ity will involve a massive input of money, innovative effort.
and time. Considering the current state of schools in many
areas, particularly rural areas, a large portion of funds
available will have to be spent on critical areas like build-
ings, other facilities, books, and salaries (Clark, Hosticka &
Rice, 1993). The responsibility for financing education
should be distributed in such a way that the State, local
authorities, unions, employers, NGOs (non-governmental
organisations), parents, and the local community all
contribute their share (Centre for Science Development,
1993).

There are extremely good reasons for investing in
information technology applications in the field of educa-
tion. In addition, because information technology is
currently the only resource not influenced by inflation, any
country, community, or organisation not maximizing the use
of information technology will suffer from an ever-
widening deficit in contrast with countries utilising it in a
directed manner. This is a situation that the 'New' South
Africa in general, and education 1 South Africa specifi-
cally, cannot afford.
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In the past decade there has been an impressive growth
in the use of computers in schools all around the world, and
a rapid increase in the need for teachers trained in the proper
use of information technology (Pelgrum & Plomp, 1991;
Saloman, 1989). Computer-related educational practices for
China, Japan, Thailand, and the United States of America
(USA) are described in this paper, with a focus on existing
teacher training goals and needs in the four nations.
Comparisons are couched within a two-dimensional
framework: East versus West and "developed" versus
"developing" nation status.

Overview of Education Systems
The basic structures of the public education systems in

China, Japan, Thailand, and the USA are similar in that all
four nations offer 12 years of pre-university schooling
beginning at age six. As of 1993, all utilize computers in
education to some degree. There are also many differences
among the systems. China and Thailand require six years of
school attendance, while Japan requires 9 years. In the USA
states vary in their requirements from 8 to 12 years (The
World Book Encyclopedia, 1993). The educational systems
in China, Japan, and Thailand are centralized, while the
USA system is decentralized across 50 states.

Computer Diffusion Rates
Computers were rapidly introduced into all levels of

USA education during the 1980s. Ninety-five percent of all
elementary and secondary schools possessed at least one
computer by the fall of 1987 (Quality Education Data, 1989)
and diffusion rates had reached 100% by 1Q89 (Pelgrum &
Plomp, 1991).

In Japan, the introduction of computers into vocational
upper secondary schools was also quite rapid during the
1980s, but diffusion rates for elementary schools, lower
secondary schools, and non-vocational upper secondary
schools were much lower than in the USA during the same
time frame (Knezek, Miyashita, Sakarnoto, 1990;
Monbusho. 1989 ). As of 1992 nearly 100% of the Upper
Secondary schools, 94% of the Lower Secondary schools,
and 58% of the elementary schools had computers
(Monbusho, 1992).

Diffusion rates for China were similar in form to, but
lagged behind, Japan. Approximately 27% of the secondary
schools in China had computers in 1985, with this figure
rising to 61% by 1989 (Pelgrum & Plomp, 1991). Accord-
ing to statistics released by the State Education Commis-
sion, there were a total of 10,000 computer-using schools by
1992.

In Thailand, only 30% of the teachers surveyed in 1991
worked in schools which had computers (Loipha, 1992).
Eighteen percent of the schools possessed 1 to 10 computers
and 12% possessed more than 10 machines. Seventy-five
percent of the 527 elementary and secondary school
teachers responding had never used computers in classroom
activities. By 1993, however, most secondary schools
offered an elective informatics course and possessed a
laboratory of computers to support these activities.
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National Initiatives for Computer
Education

USA
Nineteen eighty-two was the year many schools in the

USA began using computers (Pelgrum & Plomp, 1991).
During the decade of the 1980s many individual states
adopted elementary and secondary curricular requirements
for computers and established teacher training programs. In
1990 the Accreditation Committee of the International
Society for Technology in Education (ISTE) began formu-
lating universal guidelines in the area of information
technology for submission to the US National Council for
Accreditation of Teacher Education (ISTE Accreditation
Committee, 1991). Proposed ISTE recommendations
include competencies for teachers in four areas: (a)
foundations for all teachers, (b) computer/technology
literacy for teachers of computer literacy, (c) educational
computing and technology specialty for computer coordina-
tors and other technology leaders, and (d) computer science
education for teachers of computer science in secondary
schools. These standards will apply to all programs which
lead to a degree or an endorsement (training certificate).
Because a large number of existing teachers in the USA are
pursuing higher degrees or endorsements in information
technology while they are teaching in another field, the
standards will commonly apply to in-service as well as pre-
service training. Traditional short-course in-service training
is coordinated by each state's education agency and is not
likely to be formulated into a national curriculum in the
near future.

Japan
Many schools in Japan first began using computers in

1985 (Pelgrum & Plomp, 1991). A New Course of Study
which extensively revised elementary, lower secondary, and
upper secondary curricula with respect to internationaliza-
tion, the information revolution, and individualization was
announced in 1989. A major revision in the Teacher
Certification Law also took place, which introduced a new,
required course on Educational Methodology and Technol-

ogy for all teacher trainees entering the university beginning
April, 1990. This course includes skills in three areas:
practical instruction competencies, instructional media
utilization, and information utilization (Arizono, Ikuta,
Inoue, Nanbu, & White, 1990).

Since only a small percentage of new teachers enter the

workforce in Japan each year, most computer-using teachers

are receiving their training through in-service programs
(Sakamoto & Stern, 1988). Part 1 of the Basic Course for
in-service training, adopted in June, 1990, includes the

general overview for enhancing fundamental knowledge

and skills in each medium and the knowledge required for
the classroom application of six different types of media:

slide, overhead projector, broadcast, video, film, and the
computer. Part 2 of the Basic Course is related to the
knowledge and skills necessary for teacher training. Since

1990, Part 1 of the new Basic Course has been required for

2!)

all teachers and leaders in educational institutions, while
Part 2 is designed for the leaders in prefectures and big
cities. A detailed description of the content for these and
other courses is available in Sakamoto and Knezek (1991).

China
The Chinese Government in 1982 began its first

attempts at offering computer lessons at five secondary
schools in Beijing, and many schools in China began using
computers by the end of 1986 (Pelgrum & Plomp, 1991).
Early in 1983, the Ministry of Education called for a
National Computer Education Conference to create an
outline of a teaching program for computer education in the
secondary schools. It focused on computer principles and
programming in BASIC. Later, in 1986, use of computer
application software was added to the main outline. In 1987
the National Research Centre of Computer Education for
Primary and Secondary Schools was set up under the Basic
Education Department . In 1991 the Centre adopted and
published the Instruction of the Computer Course for
Primary and Secondary Schools, making it an independent
course for students. In 1992, the State Education Commis-
sion set up the Leading Group for Computer Education in
Primary and Secondary Schools to administer and supervise
primary and secondary computer lessons. The Evaluation
Committee for Computer Education Software was also
formed in 1992 under the leadership of the State Education
Commission.

With respect to the training of teachers and administra-
tors the State Education Commission has made special
efforts to gradually open up in normal colleges and universi-
ties, departments and specialties to offer a course on
computer science and to enroll graduate students into
special lines of study so that afterward they can take CAI
and CMI-related work as life careers. Nevertheless, the two
main impediments to more rapid introduction and utilization
of computers in Chinese education continue to be the lack of
technology-literate teachers and the shortage of other
qualified personnel.

Thailand
Although computer instruction has taken place in

Thailand for the past 20 years (United Nations Educational,
Scientific, and Cultural Organization [UNESCO], 1985),
most use of computers in education came after the advent of
microcomputers. In 1983 some secondary schools in
Thailand acquired microcomputers and began offering
elective courses. In 1985 the Ministry of Education
implemented a computer curriculum for the upper second-
ary school level throughout the country. The Institute for
the Promotion of Teaching of Science and Technology in
Thailand initiated a pilot project in 1987 to encourage the
integration of computers in teaching mathematics and
physics at the upper secondary level. As of 1990, 15
universities and 36 teacher's colleges in Thailand provide
computer courses for both graduate and undergraduate
students. Thailand as a whole, however, is not far advanced
in its use of computers in the school system.
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Trans-National Trends

Education Systems
With respect to national systems of education, the

previously mentioned division along centralized versus
decentralized lines is believed to be largely an East versus
West distinction, or, at least an American versus "world
norm" distinction (most European nations also have
centralized education systems). The differences in required
levels of school attendance are believed to be the result of
"developed" versus "developing" nation status.

Computer Access
There are great discrepancies in the availability of

computers among these four nations. Almost all USA
students now have access to computers. Most Japanese
students also have computer access. Many secondary
school students in China and Thailand have computer
access, but most Thai elementary students do not. However,
the pattern for introducing computers into pre-university
education is similar for the four nations, in that high schools
received computers first, followed by junior high (lower
secondary) schools, followed by elementary schools.

The similarities in the "high school first" national
diffusion patterns are believed to be primarily due to more
focused curricular offerings at this level, software availabil-
ity, and the existence of teachers willing and able to work
with computers. The discrepancies for computer access are
believed to be the result of both "developed" versus
"developing" status, in the case of overall trends, and the
Eastern tendency for contemplative consensus planning
versus the Western tendency for trial-and-error individual
initiatives. The latter accounts for the slower diffusion pace
in Japan compared to the USA.

Instructional Purposes for Computers
In the 1991 survey of application types for Thailand,

drill and practice was used most often (25% of teachers
responding) followed by tutorials (16%) and problem-
solving (10%). Simulations were least used (5%) (Loipha,
1992). This high utilization of drill & practice and low
utilization of simulations is consistent with findings by
Pelgrum and Plornp (1991) across 18 other nations,
including China, Japan, and the USA.

The content areas in which computer use has been
emphasized are also generally consistent across the four
nations. For example, in 1985-86 roughly 75% of the use of
software in American schools was for math, science, mother
tongue, or informatics (Becker, 1985; Smith, 1986). For
Japanese schools in 1988, approximately 80% of the use
was for math, informatics, science, or mother tongue
(1vlonbusho, 1989). Among Thai teachers in 1991, the
large percentage used computers in connection with
mathematics, science, and informatics (Loipha, 1992).

Differences among nations lie in emphasis, as evidenced
by the great variations in the extent of 1989 computer use
in secondary schools for subjects such as informatics
(China, 92%; USA, 90%; and Japan 50%) or mother tongue
(USA, 57%; Japan, 13%; and China, 2%) (Pelgrum &

Plomp, 1991, p. 9). This may be partially due to the
"universal language" nature of subjects such as math and
science, which makes software adaptability and transport-
ability straightfo.ward. Conversely, the "non-universal
language" nature of mother tongue software certainly must
retard international development and diffusion of quality
programs.

Teacher Interest in Technology-Enhanced
Instruction

USA teachers' attitudes toward computers have slowly
improved over the past 15 years. In 1976, 55% thought the
computer was dehumanizing and had attitudes less positive
than the general public . In 1980, most supported the
concept of computer literacy, 40% still felt anxious just
talking about computers, and 90% judged themselves
incompetent to teach with or about computers. By 1987, on
the other hand, teachers were generally enthusiastic and felt
the benefits outweighed their anxieties (Dupagne & Krendl,
1992).

A similar but more rapid evolution appears to have
taken place in Japan (Arizono et al., 1990; Knezek et al.,
1990). Many Japanese teachers initially 5aw the computer
as an aid for student mastery of new knowledge and a way
to help slow learners (Sakamoto & Stern, 1988). Neverthe-
less, by 1989, the major barriers to the wider use of comput-
ers for instruction listed by educators in Japan, China, the
USA, and 15 other nations were: (a) shortage of hardware,
(b) shortage of software, (c) insufficient teacher training,
and (d) insufficient time for teachers to prepare to use
computers in their lessons (Pelgrum & Plomp, 1991). Only
1.3% of the Thai teachers surveyed in 1991 were "not very
interested" in receiving formal training about computer use
(Loipha, 1992). Opposition by teachers no longer seems to
be a barrier to wider computer use.

Approaches to Teacher Training
Across the four nations studied, approaches to teacher

training for information technology appear to fall into two
categories: (a) short term, specific skill training, which is
commonly associated with in-service training programs; and
(b) long term professional career development, which
normally involves credit-bearing coursework which may
lead to a graduate degree. The former approach is common
in Japan and Thailand, while the latter is common in the
USA (Loipha, 1992; Sakamoto & Knezek, 1991). For
example, in Japan during the four years spanning 1988 to
1992, all sixteen thousand lower secondary technology
education teachers received 10 days of in-service prepara-
tion for teaching Fundamentals of Informatics in the new
national standard course of study (Murata & Stern, 1993).
In Northeastern Thailand, Loipha (1992) found that 60% of
the elementary and secondary teachers in schools with
computers had received formal in-service training. In
general, each of the four nations employs some short-term
and some long-term training, with differing degrees of
emphasis.

Potential Future Problems
Two kinds of problems are so pervasive among the
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nations studied that they are not likely to be resolved in the
near future. These problems are: (a) poor dissemination of
pedagogical techniques for integrating computers into
education; and (b) continuing shortages of hardware,
software, and computing-competent teachers. A third
problem, low use by teachers who have resources and have
received training, is also known to exist in the USA and
may soon emerge in other nations.

One reason for the scarcity of pedagogical techniques in
training programs may be the shortage of computer
experience among professional teacher educators.
Lomerson (1992) concluded after reviewing the existing
literature in the USA that "the proportion of computer
literate higher education faculty is quite small" (p. 5) and
"there is little, if any mandate or incentive beyond personal
inquisitiveness for existing faculty to achieve even this
minimum level of technological literacy" (p. 5). In Thailand,
which has an extensive system of teacher's colleges,
Cheamnakarin (1992/1993) surveyed 204 faculty members
at 30 campuses and found neither age, gender, extent of
prior computer experience, nor number of computer training
workshops attended affected teacher-training faculty's
perceptions of the importance of computers in education.
Apparently many teacher-training faculty do not necessarily
model, nor do they particularly wish to model, computer-
enhanced pedagogical techniques with their students who
are destined to become teachers and teacher-trainers. It is,
therefore, not surprising that training is lacking in this area.

Current low-usage trends in the USA may foreshadow
similar difficulties in other parts of the world. Although
Pelgrum and Plomp (1991) found that in the USA there has
been "a steady (although slow) increase in the number of
teachers using computers over years" (p.13), others have
questioned how much teacher training is actually put to
good use. For example, in a USA survey on the use of
computers in fifth through ninth grade classrooms, Dickey
and Kherlopian (1987) found that 70% of the teachers had
access to computers, but a large percentage with computer
access reported they did not use them. Schug (1988) found
that only about 18% of a sample of high school social
studies teachers surveyed actually used computers
instructionally, even though almost 50% had received basic
training in the use of computers and expressed positive
attitudes toward the use of computers in the future. In a
statewide training program for teachers, Stieglitz and Costa
(1988) found that only about one-half of the 1,000 partici-
pants surveyed actually used computers in class after their
in-service training. This was in spite of the fact that 89%
felt computers had substantial benefits for students.
Apparently even the combination of readily available
resources, positive teacher attitudes, and formalized teacher
training still does not necessarily lead to high levels of
computer use in schools. Further research is needed to
determine what other barriers remain.

3 1_

References
Arizono, I., Ikuta, T., Inoue, M., Nanbu, M., & White, J. D.

(1990). Curricula and teacher education designed to meet the
demands of the information society. FAucational Technology
Research, 13, 13-31.

Becker, H. J. (1985). The second national survey of instructional
uses of school computers: A preliminary report. Paper
presented to the World Conference on Computers in Educa-
tion, Norfolk, VA.

Cheamnakarin, P. (1993). Attitudes of faculty members in
Rajamangala Institute of Technology, Thailand, toward the
implementation of computers. (Doctoral dissertation,
University of North Texas, 1992), Dissertation Abstracts
International:, AAC 9224967.

Dickey, E, & Kherlopian, R. (1987). A Survey of Teachers of
Mathematics, Science, and Computers on the Uses of
Computers in Grades 5-9 Classrooms. Fihirational Technol-
ogy, 27(6), 10-14.

Dupagne, M. & Krendl, K. (1992). Teacher's attitudes toward
computers: A review of the literature. Journal of Research on
Computing in Education, 24(3), 420-429,

ISTE Accreditation Committee (1991, June 15). Draft accredita-
tion standards for educational computing and technology
teacher preparation programs. Eugene, OR: International
Society for Technology in Education.

Knezek, G., Mi ita, K. & Sakamoto, T. (1990). Computers in
education: Japan versus the United States. In Computers in
Education. (pp. 775-780). North-Holland: Elsevier Science
Publisher B.V.

Loipha, S. (1992). Teachers' perceptions of computer use in
elementary and secondary classrooms in Thailand. Unpub-
lished doctoral dissertation, University of North Texas,
Denton, TX.

Lomerson, W. L. (1992). Information technology needs of
professional education faculty with implications for the design
of information technology systems. Unpublished doctoral
dissertation, University of North Texas, Demon, TX.

Monbusho. (1989). Annual report of computer education .
Tokyo: Ministry of Education, Science, and Culture.

Monbusho. (1992). Annual report of computer education .
Tokyo: Ministry of Education, Science, and Culture.

Murata, S., & Stem, S. (1993, Fall). Technology education in
Japan. Journal of Technology Education, 5 (1).

Pelgrum, W., & Plomp, T. (1991, April). The use of computers in
education worldwide: results from a comparative survey in 18
countries. Paper presented at the annual meeting of the
American Educational Research Association, Chicago.

Quality Education Data, Inc. (1989). Microcomputer usage in
schools: A 1989 QED update. Denver: QED, Inc.

Sakamoto, T., & Knezek, G. (1991). Teacher training for
information technology in Japan and the United States.
Proceedings of the International Conference on Multi-Media
in Education and Training (ICOMMET) (pp. 297-300).
Tokyo, Japan: JAET.

Sakamoto, T. & Stem, S. (1988). Educational computing in Japan.
Educational Technology Research, 11, 1-9.

Saloman, G. (1989). Computers in the curriculum. In M. Eraut
(Ed.), The International Encyclopedia of Educational
Technology (pp. 167-169). New York: Pergarnon Press.

Diversity and International Perspectives 17

BEST COPY AVAILABLE



Schug, M. C. (1988). What do Social Studies teachers say about
using computers? Social Studies, 79(3), 112-15.

Smith, P. L. (1986, February). CAI in the classroom: What does
the research say? Paper presented to the 6th Annual Texas
Computer Education Association State Conference, San
Antonio, TX.

Stieglitz, E. L., & Costa, C. H. (1988). A statewide teacher
training program's impact on computer usage in the schools.
Computers in the Schools, 29(1), 7-19.

United Nations Educational, Scientific, and Cultural Organization
(1985). Computers in education: An outline of country
experiences. Bangkok: UNESCO.

The World Book Encyclopedia. (1993). Chicago: World Book.

Gerald Knezek is an Associate Profesyor of Technology &
Cognition, University of North Texay, P.O. 3ox 5155,
Denton, 7X 76203, e-mail: gknezek@tenetedu.

Takashi Sakamoto, National Center for University Entrance
Examination, Japan.

Shen Qi Yun is an Associate Professor and Director of the
Center for Education Technology of Beijing Normal
University, Beijing, 100875, China.

Tang Ling is an Engineer and Vice Director of the Research
Center for Computer Education on Primary and Secondary
Schools of State Education Commission, Beijing Normal
University, Beijing, 100875, China.

Suladda Loipha, Khon Kaen University, Thailand.

Pornpimon Chearnnakarin is Chairperson of the Depart-
ment of Educational Psychology, Faculty of Education,
Rajamangala Institute of Technology, Bangkok, Thailand.

18 Technology and Teacher Education Annual 1994

32



I.

Effects of College,
Gender, and Prior

Computer Experience on
Attitudes toward

Computers among
College Students in Taiwan

Yuen-kuang Cliff Liao
National Hsinchu Teachers

College

Su Chin Shih
National Taipei Teachers College

'3 3

The microcomputer as a new technology has been
widely used in education. The number of computers in use
in schools has increased at an unprecedented rate. Wright
(1984), for example, reported that in 1982, 38% of schools
in the United States of America (U. S.) had computers, but
in 1988, 91% of schools had computers (Ordovensky,
1989). By the end of the 1980s the number of microcom-
puters in use in schools of U.S. was estimated to be 2.4
million (Becker, 1990).

Education in Taiwan has also been influenced by the
increasing use of technology. Computer education in
Taiwan started with the development of Computer Assisted
Instruction (CAI). From 1976 to 1983 CAI had mainly
been developed in some universities. After that, the
development of CA.I was extended to middle schools,
elementary schools, and some training institutions. The
types of computers used for CAI ranged from mainframe
computers to microcomputers (Wu, 1992). The number of
CAI courseware developed by either public research
institutes or private commercial parties is more than three
thousand so far.

Along with the increasing use of computers in education
and society, most colleges and universities in Taiwan have
also offered some introductory computer courses as
prerequisites. In general, the content of these courses
contains the basic concept and operation of computers as
well as software. Some instructors may include the
introduction of programming languages in their courses as
well.

While microcomputers have been increasingly used in
schools, students' and teachers' attitudes toward them need
to be studied. Studies have identified significant relation-
ships between computer attitudes and computer literacy
among college students (Dambrot, Watkins-Malek,
Marshall, & Garver, 1985; Marcoulides, 1988; Wiggins,
1984). Clement (1981) reported that, in general, students'
attitudes toward computer-based courses have been found to
be positive among students in junior high schools, high
schools, community colleges, and colleges. Positive
attitudes increase the prospect for achievement in any
academic endeavor, whereas negative attitudes make
achievement of competence less likely (Loyd & Gressard,
1984).

The major purpose of the present study was to examine
the effects of types of colleges, gender, and prior computer
experiences on computer attitudes for college students in
Taiwan. More specifically, this study attempted to examine
the effects of (a) types of colleges (i.e., management college
and teacher college), (b) gender, and (c) prior computer
experience (i.e., less than 3 months, 3-6 months, 6-24
months, and more than 2 years) on computer attitudes.

Method
Subjects

The subjects who participated in the present study weie
918 students from two colleges in Taipei, Taiwan. The first
college was a private management college. A total of 615
subjects participated in the present study and were selected
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from 7 different departments of this college. The remaining
303 subjects were from a national teacher college with a
major educational goal of preparing elementary school
teachers. These students were also selected from different
departments. The students selected at each department
represented a broad spectrum of backgrounds and academic
interests. Six hundred fifty-seven or about 72% of the
subjects were female while 261 or about 28% of the subjects
were male.

Instrument
The instrument used in the present study was a Chinese

version of Computer Attitude Scale (CAS). The original
CAS was developed by Loyd and Gressard (1985) and was
designed to measure students' attitudes toward computing.
The Scale consists of 30 Liken-scale type questions for
three subscales: computer anxiety, computer confidence,
and computer liking. Each subscale consists of ten items
and presents positively and negatively worded statements.
The scores from the three subscales are then added together
to produce a computer-attitude score. The Scale has been
found to be reliable and valid, and has been previously used
with students at varied school levels (Loyd & Gressard,

1984; Loyd & Gressard, 1986; Loyd & Loyd, 1988;
Massoud, 1990, 1991). The Chinese version CAS was a
translation of the original CAS. As a check for accuracy of
the translation, the Chinese version CAS has been reviewed
and verified by two English instructors from colleges.

Procedures
At the beginning of the Spring academic semester, 1992,

all 918 subjects completed the 30-item Chinese version
CAS. The data were collected and coded. A 2 x 2 x 4
analysis of variance (ANOVA) was used to investigate if
there were any statistically significant differences on
students' attitude toward computers: (a) between colleges
(i.e., the management college and the teacher college); (b)
between gender; (c) among students who had different level
of prior computer experience (i.e., less than 3 months, 3-6
months, 6 -24 months, and more than 2 years); and (d) the
interactions among these factors (i.e., colleges, genders, and
prior computer experience).

Results

Major three-factor ANOVA
Table 1 summarizes mean scores for the three-way

Table 1
Summary of Computer Attitude Mean Scores

Subsea le./
Computer
Experience

Teacher College Management College

Male Female Male Female

Anxiety
0-3 Months 26.70' 25.92 27.48 25.78

(57)b (49) (25) (49)
3-6 Months 26.78 25.83 26.88 26.17

(46) (47) (8) (107)
6-24 Months 28.19 26.97 27.44 27.44

(27) (50) (55) (112)
2 Years+c 33.06 26.91 32.04 27.26

(16) (11) (27) (232)
Confidence

0-3 Months 27.21 25.51 28.28 24.84

3-6 Months 26.26 25.21 27.00 25.38

6-24 Months 27.89 26.34 27.27 26.49

2 Years+ 32.13 27.46 30.22 26.99

Liking
0-3 Months 27.75 26.53 28.60 26.59

3-6 Months 26.41 25.85 25.25 26.92

6-24 Months 26.78 26.36 26.91 27.98

2 Years+ 28.81 26.64 31.04 26.38

Total
0-3 Months 81.67 78.00 84.36 77.20

3-6 Months 79.46 76.89 79.13 78.47

6-24 Months 82.85 79.66 81.62 81.91

2 Years+ 94.00 81.00 93.30 80.62

Note.' The possible maximum score for each scale is 40.
The number of subjects is presented in parenthesis.
2 years+ indicates more than 2 years.
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analysis of variance. Overall, participants' scores ranged
from 25 (63%) to 33 (83%), out of the maximum score of
40, on each subscale, and from 76 (63%) to 94 (78%), out of
120, on total.

A summary of the three-way ANOVA is presented in
Table 2. Results indicate that there were significant main
effects (a) between gender on anxiety, confidence, liking,
and total score; and (b) among prior computer experience on
anxiety, confidence, liking, and total score. Significant
interactions between gender and computer experience were
also found on anxiety, confidence, liking, and total score.
No other main effects and interactions were found.

Gender
A follow-up analysis was performed for gender. Results

are presented in Table 3 and show that male students scored
significantly higher than female students on all 3 subscales:

anxiety, confidence, and liking, as well as total score.

Computer experience
For computer experience a follow-up analysis was

employed. Table 4 summarizes data for the ANOVA on
computer experience. Results indicate that significant
differences were found among students with varied prior
computer experience on anxiety, confidence, and total score.
No significant difference was found on liking. For anxiety,
the post hoc (Fisher's Protected LSD) test showed that
students with prior computer experience of 0-3 months or 3-
6 months scored significantly lower than students with prior
computer experience of 6-24 months or more than 2 years.
No significant differences were found between students
with experience of 0-3 and 3-6 months, and between 6-24
months and more than 2 years.

The post hoc test for the subscale confidence showed

Table 2
Summary of the Three-Factor-ANOVA (College x Gender x Length of Experience)

Anxiety

Source of
Variation df MS F

Confidence

MS

Liking Total Score

MS F MS F

College(A) 1 .03 .001 4.45 .27 36.92 1.96 17.03 .13

Gender (B) 1 479.24 21.01*** 584.43 35.56*** 124.54 6.61* 3274.83 24.45***

Length of
Experience (C)3 236.59 10.37*** 179.72 10.94*** 67.65 3.59* 1249.18 9.33***

A X B 3 6.69 .29 .04 .002 .36 .02 8.92 .07

A X C 3 2.74 .12 11.64 .71 5.67 .30 10.27 .08

B X C 3 123.96 5.44** 44.47 2.71* 89.86 4.77** 697.39 5.21**

AXBXC 3 10.29 .45 17.01 1.04 29.87 1.58 92.94 .69

Error 902 22.81 16.44 18.85 133.94

*p < .05 **p < .01 ***p < .001

Table 3
Summary of Mean, Standard Deviation, and ANOVA on Gender

Variable

Male (N = 261) Female (N = 657)

Mean SD Mean SD F

Anxiety 28.05 5.41 26.77 4.67 12.72***

Confidence 27.84 4.16 26.21 4.16 28.70***

Liking 27.65 4.20 26.73 4.49 8.09**

Total 83.53 12.13 79.71 11.71 19.50***

** p< .01 *** p< .001

35
Diversity and International Perspectives - 21



that students with prior computer experience of more than 2
years scored significantly higher than students with prior
computer experience of 0-3, 3-6 or 6-24 months. Also,
students with prior computer experience of 6-24 months
scored significantly higher than those with 3-6 months. No
significant differences were found between students with
experience of 0-3 and 3-6 months, and between 0-3 and 6-
24 months.

For total scores, the post hoc test showed that students
with prior computer experience of 3-6 months scored
significantly lower than students with prior computer
experience of 6-24 months or more than 2 years. Students
with prior computer experience of more than 2 years also
scored significantly higher than those of 0-3 months. No
significant differences were observed between students with
experience of 0-3 and 3-6 months, 0-3 and 6-24 months, and
between 6-24 months and more than 2 years.

Interactions
Results of follow-up analyses for the interaction of

gender and computer experience are as following: (a) Male
students with 0-3 months computer experiences scored
significantly higher than females students who had com-
puter experiences of 0-3 or 3-6 months on confidence and
total score. (b) Male students with 0-3 months computer
experiences also scored significantly higher on liking than
male students with 3-6 months or female students with more
than 2 years computer experiences. (c) Male students' who
had 6-24 months of computer experiences scored signifi-
cantly higher than female students with 0-3 or 3-6 months of
computer experiences on confidence and total score. (d)
Male students who had more than 2 years of computer
experient.- scored significantly higher than male students
with computer experiences of 0-3, 3-6, or 6-24 months and
all female students on anxiety, confidence, liking and total
score. (e) Female students who had computer experiences
of 6-24 months or more than 2 years scored significantly
higher than female students with 0-3 or 3-6 months of
computer experiences on anxiety, confidence, and total

score.

Discussion
The study attempted to examine two related questions:

(a) whether college students in Taiwan have positive or
negative attitudes toward computers; and (b) whether
factors such as different type of college, gender, an-.4 prior
computer experience will influence college students'
attitudes toward computers.

For the first question, the overall attitude score of 25
(63%) to 33 (83%) out of the maximum score of 40 on each
subscales, and 76 (63%) to 94%(78%) on total score
indicated that, in general, college students in Taiwan had
slight to moderate positive attitudes toward computers. The
findings were consistent with Clement's (1981) study in
which the author reported that students' attitudes toward
computer-based courses have been found to be positive
among students in junior high schools, high schools,
community colleges, and colleges.

For the second question the results of the present study
show that , first, college differences in students' attitudes
toward computers do not exist in Taiwan. There was no
significant difference between students at the management
college and the teacher college on attitudes toward comput-
ers which indicated that students in different colleges and
with divergent academic majors and interests did not
develop dissimilar computer anxiety, confidence, and liking.
A previous study conducted by Liu, Reed, and Phillips
(1992) found that students majoring in math education and
science education consistently felt less anxiety toward
computers than did those majoring in English education,
elementary education, special education, social studies
education, and physical education. The findings of the
present study, then, appear to be somewhat surprising.

Second, the findings of thcs study show that there were
gender differences in students' attitudes toward computers
among college students in Taiwan. The findings total
indicate that, in general, male college students in Taiwan
had lower anxiety, higher confidence, and more liking

Table 4
Summary of Mean, Standard Deviation, and ANOVA on Computer Experience

Variable

0-3 Months
(N = 180)

3-6 Months
(N = 208)

6-12 Months
(N = 244)

2 Years+'
(N = 286)

FMean SD Mean SD Mean SD Mean SD

Anxiety 26.34 4.73 26.26 4.16 27.42 4.78 28.02 5.48 7.28***

Confidence 26.26 4.03 25.60 3.41 26.79 4.18 27.60 4.68 997***
Liking 27.22 4.13 26.50 3.35 27.28 4.26 26.96 5.32 1.36

Total 79.83 11.29 78.36 9.15 81.49 11.54 82.58 14.02 577***

Note.' 2 years+ indicates more than 2 years.
*** .001
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toward computers than female college students. Although
previous studies have reported a conflicting result on
gender difference in computer attitudes, a study conducted
by Collis and Williams (1987) specifically used Chinese
students as subjects and found there were few gender
differences on computer attitudes among Chinese students.
However, the results of the present study are in the opposite
direction of their findings. A possible explanation for this is
that students in Taiwan are strongly affected by society's
reinforcement of sexual stereotypes. Most people in Taiwan
view technology/science types of majors in colleges (e.g.,
electronic engineering, physics, chemistry) as a male
domain while literature/art types of majors (e.g., Chinese
literature, English literature, and arts) are veiwed as a
female domain. Students may be influenced subconsciously
by this society's reinforcement of sexual stereotypes while
they are choosing their majors in colleges. As a result, a
typical phenomenon in a comprehensive university in
Taiwan is that more male students enroll in technology/
science departments than females. It is the opposite in
literature/art departments. This cultural bias may, therefore,
result in gender differences in attitudes toward computers
when the computer has been viewed as a type of technol-
ogy.

Third, the results of the present study show that college
students in Taiwan with different computer experiences do
exhibit divergent attitudes toward computers. The findings
indicate that students who have used computers for less than
6 months may have higher computer anxiety than students
who have used computers for longer than 6 months. For
computer confidence, the results of the study show that
students with more than 2 years of computer experiences
had significantly higher computer confidence than students
with computer experiences of less than two year. Also,
students with prior computer experience of 6-24 months
scored significantly higher than those with 3-6 months
experience. These findings indicate that students who have
computer experiences longer than 6 months may develop
higher confidence toward using computers. Accordingly, in
order to increase college students' attitudes toward comput-
ers (i.e., reduce students' anxiety or acquire higher confi-
dence) a teacher in computer education may want to
consider extending computer courses for at least 6 months.

Finally, significant interactionS between gender and
computer experience also suggest some interesting trends in
research on computer attitudes. First, male students'
attitudes toward computers seemed not to change too much
during the first two years of using computers, but when they
had more than 2 years of computer experiences, their
positive attitudes toward computers increased dramatically.
Furthermore, female students seem to increase their positive
attitudes toward computers substantially after 6 months of
using computers. Moreover, male students seemed to
develop more confidence and liking toward computers than
female students even in a short period of time of 0-3
months.

Conclusion
As the important role of computers in the information

age has been commonly understood, it is reasonable to
predict that a student may need to show his/her computer
knowledge and skills as an essential ability in order to
obtain a job in the future society. To prepare students with
this required ability, a college education should provide not
only a sufficient technological environment for students but
also effective instructional approaches that can ensure
students learn necessary computer knowledge and skills.
Since previous studies have identified significant relation-
ships between computer attitudes and computer achieve-
ment (Dambrot et al., 1985; Marcoulides, 1988; Wiggins,
1984), there is reason to believe that increasing students'
positive attitudes toward computers may help students in the
learning process. Consequently, the results from this study
provide some useful information to teachers and curriculum
designers in computer education.
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Math Literacy for Women:
A Focus on Gender Issues,

Problem-Solving and
Technology
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The vision of the National Council of Teachers of
Mathematics (NCTM) Curriculum and Evaluation Stan-
dards for School Mathematics (1989) focuses on the need
for a mathematically literate population in the new techno-
logical age. Mathematical literacy in this "Information
Age" encompasses the ability to problem-solve, to reason,
and to communicate with others and with technology.

Mathematical power for all is a primary goal of the
NCTM Curriculum and Evaluation Standards (1989); this
includes all under-represented groups in our society. One of
these groups, females, now makes up a majority of the
population, but holds less than 15% of professional jobs
which require a college degee and involve mathematics,
science, and computers. As etiucation beyond the under-
graduate level in mathe-natics, science and computers is
pursued, the number of women represented decreases
dramatically. As an example, engineering awarded 15.3%
of its bachelors degrees, 13.6% of its masters degrees, and
only 8% of its doctoral degrees to women (U.S. Department
of Labor, 1990).

The "Women in Mathematics" Project
The "Increasing Roles for Women in Mathematics

Project" funded by the Dwight D. Eisenhower Education
Program sprang out of a need for increased awareness of
and concern about gender issues involved with mathematics
and technology in teacher education. In the spring of 1993,
twenty teacher participants were chosen to participate in a
summer workshop. The teachers were chosen in pairs from
various public and private schools within a 60 mile radius of
the University of Wisconsin - Stevens Point campus.
Teachers were chosen in pairs to provide collegial support
and the likelihood of becoming change agents in their
schools when they returned with new attitudes, concepts,
and methods for teaching. Both male and female teacher-
participants were included in the group of teachers; they
represented classrooms from grades 3 through 8.

The project personnel included three college teachers
and one middle-school teacher with each having expertise in
one or more of the following areas: mathematics, math-
ematics education, technology, and gender issues. The
project personnel spent one week planning activities based
on two goals: developing an awareness of gender issues
that relate to mathematics and teaching and developing
higher order thinking skills in mathematics and problem
solving using computer technology and manipulatives with
female students. During the second week of the project,
teacher participants worked with project personnel reading
and discussing the literature on gender issues in mathemat-
ics, developing activities using the NCI'M Curriculum and
Evaluation Standards (1989), and using Lego Logo for the
female students that incorporated higher-order thinking
skills by using manipulatives and technology. 'Fime was
allotted for teachers to explore and familiarize themselves
with the Lego Logo materials and to share ideas related to
discussions of gender issues.

During the next two weeks of the project, 44 female
students from grades 3 through 8 joined the workshop.
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Each day of this 2 week period, the teachers had one hour
for preparation and for the sharing and discussion of ideas
and projects they planned to implement with their students.
During the next 2 hours the girls joined the workshop. The
girls were organized in groups of four with two teachers
responsible for each group. Teacher-developed activities
were used with the girls; the focus was on problem-solving
with Lego Logo projects. Emphasis was placed on develop-

; higher-order thinking skills by developing questioning
techniques to elicit reasoning processes. "How" and "why"
questions became the focus of discussions rather than the
traditional mathematics question, "What is the answer?"
Following the 2 hour period with students, the teachers and
project personnel spent the last hour reflecting on the
activities with their students and exchanging ideas and
suggestions for improvements and modifications in both
projects and student-teacher interactions.

During the final week of the workshop the only female
engineer in Stevens Point (a city of 40,000) was invited to
speak to the students about her occupation and the academic
preparation necessary for her profession. On the day before
her presentation, the girls were asked to draw a picture of an
engineer. One-half the drawings were of train engineers;
the rest were male representatives with only 2 of the 44 girls
drawing female engineers. The guest speaker spent a day
with the students, describing her role as an engineer, and
relating their problem-solving activities to real-life problem
solving activities in her profession. From student and parent
questionnaire responses, it was shown that this visit by the
engineer was a stimulating experience and brought about
discussions of engineering as a possible career choice for
the students.

Parents were invited to join the workshop at any time.
For the last day of the workshop, a special invitation was
extended to parents and friends to join our workshop. A
large group of visitors came to see the projects their
daughters had designed, built, and programmed. The focus
was on problems they had solved and activities they had
accomplished. Both parents and students were extremely
proud of the students' accomplishments.

Causes of the Gender Gap
The main causes of the gender gap in mathematics and

computc rs are subtle and pervasive. The message from
many different sources is that mathematics and computers
are for boys. The study of mathematics and computers is
often seen as having practical value for boys but not for
girls. Boys and girls begin their educational careers with
similar excitement about mathematics and computers and
similar success, but in the grades seven through nine these
areas become more frequently classified as male domains
(Dossey, Mullis, Lindquist, & Chambers, 1988).

Sex biases happen in the subtle incidents that occur in
education. Educators frequently do not believe that gender
biases exist in today's classrooms. As one teacher in our
workshop stated, "that was truc twenty years ago, but not
today." This led to a lively discussion led by teasher
participants in the workshop, reaffirming the fact that based
on their personal experiences, sex biases are still present in

educational practices in many ways.
Computers and mathematics have traditionally been

seen as a male domain. A computer is a machine, and girls
are not socialized to be comfortable with machines.
Computers have traditionally been associated with math-
ematics, and mathematics has not been defined as a female
subject. Many females in the past have been discouraged
from taking advanced mathematics courses since the
perception was that these are not needed for the traditional
role of the woman. This was especially true for many
mothers of today's female students, and these mothers serve
as role models for their daughters.

Parents influence female students' attitude toward
mathematics and computers. Fathers and brothers are more
likely to use computers than mothers. Com?uters and toys
that promote higher-order thinking skills are more often
purchased by parents for boys than for girls. Boys often
build things developing spatial reasoning, whereas girls are
more likely to role-play, play with dolls, and play with
domestic toys. These gende.-based stereotypes help
develop societal norms that are different for boys and girls.

Peer groups influence attitudes and expectations for
female students. Being interested in mathematics and
computers in the middle and high school is "uncool" and
people who are interested in mathematics and computers are
often classified as "nerds". Females who have been
interested in and successful in mathematics will often hide
or downplay their interest or ability in mathematics and
computer.: during these years.

Curriculum factors affect attitudes toward mathematics
and computers. Girls interpret success in mathematics to
hard work not high ability, whereas boys attribute their
success in mathematics to high ability. Teachers also make
similar assumptions about the reasons for success in
mathematics (Fennema, Peterson, Carpenter. & Lubinski,
1990).

In using computers in a group situation, boys often
become the active and thoughtful participants; whereas,
girls are often relegated to the role of keyboarders. In our
workshop, the girls were actively involved in the design.
construction, and programming process. Feedback from
daily logs of the students indicated that being actively
involved in this process was motivating and challenging for
them. This involvement would have been lacking in the
boy/girl group situation. As one girl stated "without boys
you get to do more."

Teacher decisions in the classroom also have been
shown to have unconscious, unintentional gender-biased
behavior patters. These behaviors include calling on boys
for interpretive responses and girls for factual ones and
giving behavior and work of boys more attention than that
of girls. Boys are encouraged to think divergently and are
praised for cognitive tasks, whereas, girls are given proce-
dural tasks and are given answers to questions and soluuon,,
to problems rather than help in redirecting their thinking
(Leder, 1992).

The media helps create gender biases by portraying
mathematics and computer related professions as male

1 0
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domains. Most pictures of scientists, mathematicians, and
computer scientists are of males, whereas keyboarders and
secretaries are portrayed as females.

Gender biases are subtle, but they are present in all
forms of society. There are norms and values for males and
females that have endured for centuries and still exist in
society today. An awareness of these issues developed
through knowledge of classroom practices, parental, and
societal influences may be one step in eliminating the subtle
messages that negatively affect female choices about careers
involving computers and mathematics.

Principles of the Workshop
1. Focus on small interactive groups of female students:

Female students work better in cooperative rather than
competitive groups (Fennema, 1990). Boys tend to
dominate group activities with computers and problem
solving. By using small cooperative groups of girls,
they become "risk takers" and are able to experiment
without fear of ridicule from peers. As one of the female
students in our workshop commented in her log, "with
boys you might feel uncomfortable, they might think
you are wrong."

2. Design problem-solving curriculum and activities
around areas that interest girls: In the workshop girls
spent one week developing projects that they had created
based on their interest. They constructed telephones, a
cookie factory, cars, a helicopter, a boat, amusement
rides, a baby rocker, and houses with lights and music.
They designed, constructed, and programmed their
projects using their interests as a starting point. Many
students were surprised at the success they achieved, far
surpassing their own expectations for themselves. Pride
in ownership of ideas and projects was evident in their
discussions with parents, teachers, and in their daily
logs.

3. Develop questioning techniques that promote problem-
solving using higher-order thinking skills: By using a
design environment, planning and problem-solving are
connected to the constructions of real-life projects that
relate to the girl's interests and experiences. Using
computer programming to organize thought processes
leads to developing processes for problem-solving. By
using teacher questioning of student's thought processes,
the student is required to verbalize the processes
necessary to reach a final goal. This verbalization
process enhances the higher-order thinking skills
involved in problem solving (Lehrer, Randle, &
Sancilio, 1989),

The Project Continues
During the year following the project a club was

organized. The club includes the teachers and female
students who participated in the summer workshop. This
time is designated to discuss with the teachers and female
students changes that have occurred in their classrooms
which might affect female choices in the areas of mathemat-
ics and computers. The club will also be a time for the
female students to continue with projects, computer

programming, and problem solving with Lego Logo.
Parents will be invited to visit the club at various times,
since parental interest and support can positively influence
female choices in educational pla: (r .ng and careers in the
area of mathematics and computers.

Some teachers who participated in the project have
become change agents in their local schools. Eighty percent
of the schools which participated have instituted some
aspect of the workshop in their local schools. One teacher
who participated in the program received support from the
administration to conduct an in-service program for the
teachers in two of the area schools.

Parental support for the program, in the form of
individual monetary contribution, was received by school
districts involved. Presentations have been made by teacher
participants at Parent Teacher Organization (PTO) meetings
to get financial support for the technology needed for the
project. Support has been pledged by four PTOs to provide
financial backing for purchases of the technology. This
demonstrates positive parental and community support for
the program. Administrators have provided financial
support for in-service training and for supplies. Administra-
tors have already seen positive growth in their teacher
participants and see them as positive change agents in their
mathematics programs.
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Integrating Technology
into the Curriculum:
Advancing Cultural

Diversity

Sylvester E. Robertson
California State University, San

Bernardino

As we move toward the 21st century one of the most
critical factors in education will be how to train teachers to
implement technology into the main stream of instruction
and provide equal access to a growing diverse population
that makes up the majority of students in today's public
schools. During the 1980s technology firmly rooted itself in
the fabric of education. Ninety-nine percent of all public
schools in the United States now use some form of technol-
ogy. Although the vast majority of schools in the United
States have computers. the higher percentage of black
students in a school the lower the student-to-computer ratio
(Quality Education Data, 1989). In addition, inner-city
school districts rarely have the skills or funds to maintain
their machines nor the training and social support to ure
computers effectively (Piller, 1992). As literacy has come
to mean more than ability to read and write, a generation of
students, the majority who are minorities, are losing their
franchise on independence and a shot at the good life in the
information age (Hill, 1992). Teachers need substantial
training, support, and time to integrate technology into their
curricula (International Society for Technology in Educa-
tion, 1991). Technology in the hands of these well-trained
teachers is especially powerful when used with students of
diverse backgrounds.

Background
In 1988 the Office of Technology Assessment released a

report indicating that states are the key players in the use of
technology in education (Miller, 1988). It also revealed that
technology cannot be fully effective unless teachers
received training and support. Prior to The Nation at Risk
Task Force Report, many teachers did not understand how
to exploit technology as a teaching tool (United States
National Commission on Excellence in Education, 1983).
Technology will not transform education to meet the needs
of society if teachers do not learn to use it as both an
instructional and management tool. The Nation at Risk
Report recommended that state agencies support higher
educational institutions by assisting them in redesigning
their educational programs to include the effective use of
technology.

Because the student populations in most public schools
are becoming very diverse, the current and future teaching
population will have to be equipped with information and
tools that reflect a positive relationship with cultural
diversity. Using culturally diverse materials in teacher
training programs is one way to bridge the gap between
students and teachers through the use of technology.

Technology Courses For Pre-Service/In-
Service Teachers

In the state of California individuals seeking a perma-
nent teaching credential are required to complete
coursework which demonstrates their competence in the use
of technology within the classroom. At California State
University, San Bernardino, this coursework comprises two
courses totaling 6 units of credit. The first course concen-
trates on access to and control of computer-based technolo-
gies through the use of an integrated software package
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(Claris Works). Students are taught how to use word-
processing, spreadsheet, databases, and mail merge
functions as they relate to classroom instruction and
management. The second course focuses on the integration
of technology into the curriculum.

During the second year of teaching this course it became
apparent, through student feedback, that students had
limited exposure to and information about diverse popula-
tions. Because data bases are especially useful and power-
ful information to( , I selected them to be the vehicle to
introduce culturally diverse information to teachers. The
databases presented were a cross section of businesses
owned by Blacks and Hispanics. Black and Hispanic
businesses were selected because they are one of the most
under reported areas in minority accomplishments (Swinton
& Handy, 1983). Information was collected on locations,
type, chief executive officers (CEOs), number of workers,
starting date, and annual sales/assets. The database was
limited to companies whose primary business was manufac-
turing of goods and/or services (Robertson, 1988). A
minority-owned business was defined as a business that
was 51% controlled by a minority person(s). Professionals
including doctors, lawyers, dentists, and others that fell
within the definition of professionals were not included.

The content material provided opportunities for students
to practice and evaluate various database concepts such as
soiling, selecting specific field criteria for analysis, and
filtering selected data pertaining to each business database.
For example, students were given worksheets containing
information about the businesses' starting dates, assets,
gross sales, number of employees, types, locations, and
gender makeup. They were asked to locate companies based
on one, two, and three of these variables to determine
regional concentration, most frequent type of business,
longevity, and gross assets/sales. They were also asked to
determine if there were any patterns in regards to rate of
growth. Many students were surprise to find that Blacks
owned Saving and Loan Companies before the turn of the

century and that the largest concentration of Hispanic
businesses in terms of gross sales is located in the Miami

area. This kind of information provides teachers with new
experiences and strategies to incorporate into existing and/or

new curriculum.

Conclusion
With teacher and student populations changing, the

importance of fostering culturally diverse material is one

critical factor in successfully finking minorities to academic

achievement. In the case of my introduction to technology

classes at California State University, San Bernardino,
teachers realize that business databases provide a different

set of role models for students. It is vital that teachers who
will be providing instruction for students into the 21st
century receive effective training. This training should
include recognizing the contributions of persons of diverse
backgrounds. Technology for the present and future can
surely help to bridge the gap between diverse populations

and the dominant culture.
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The term research conjures up a whole range of visions
in people's heads. To some it is the equivalent of saying,
"this isn't relevant to anything practical or useful." To
others it is the same as saying "experimental-control group
studies with ANOVA tables." The mix of papers in this
section illustrates our working definition of research. It is
any reasonably systematic effort to analyze, think about, or
reflect upon issues, questions, and problems that are of
interest to others. By this definition virtually all the papers
in this book would be research. We have pulled together a
few of them in this section because they: a) address
questions of general interest, and b) approach the questions
in a relatively systematic way.

Some of the papers are summaries of professional
practice knowledge derived from projects the authors have
undertaken. Cawley, for example, offers guidelines for
using electronic mail with undergraduate teacher education
students while Rheem and Kolloff discuss the integration of
hypermedia experiences into teacher education.

Other papers in the research section report studies.
primarily surveys, that help us understand current conditions
in schools and teacher education programs. Hunt, for
example, compared the plans preservice teacher education
students had for using technology with actual use in the
classroom after graduation. Several studies (Topp, Thomp-
son, and Schmidt; Kraus and colleagues; Nieerhauser and
Stoddart; Huang; Sheffield; Nason, and Paprzycki and
Vidakovic) assessed the attitudes of preservice or inservice
teachers and/or their ability to use technology in the
classroom. We now know a great deal more about what
teachers think about technology, how much they use it in
their classrooms, and how they perceive their ability to use
technology. Another study of perceptions, by Wentworth
and Connell looked at parental perceptions and made some
recomendations about what needs to be done to encourage
pare' s to support innovation in the school. Using networks
like Internet and Bitnet to gather survey data was the focus
of a paper by Paprzycki, Mitchell, and Duckett.

Several papers in this section also address the question
of whether particular approaches are appropriate and
effective in different areas of teacher education. Berry, for
example, reports on a study of interactive video simulations
in a methods course. Bednar, Ryan, and Sweeder looked at
the use of video in a preservice program, Galloway studied
Quicktime multimedia tools, Zimmerman and Blanton
evaluated collaborative computer games; and Shaw
Nauman, and Burson looked at word processing. Finally,
Hillman and Perry's paper outlines a number of the critical
questions in our field.

Jerry Willis is Professor and Director of the Center for
Information Technology in Education. Kathy Matthew,
Juanita Hurst, Chuan Hui Huang, Clare Walsh, and Marco
Teran are graduate students in the instructional technology
program of the College of Education, University of Hous-
ton, Houston, Texas 77204.
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Technological
Competence: Training the

Teacher

Kevin Cawley
lona College

This paper narrates the development of a project in the
use of electronic mail by undergraduate teacher candidates.
The innovation of electronic mail as a means of connecting
students and collecting information was first suggested
during a project sponsored by the Westchester Education
Coalition, whose purpose is to explore ways of improving
and implementing change in traditional teacher preparation.
Participants were teacher educators concerned with connect-
ing future teachers with technologies for the classroom. The
implementation of the project came to fruition in one of the
foundation courses (EDU 202, Foundations in Education
Theory) in the Teacher Education program at Iona College
in Spring, 1993.

The course takes students through important historical
and philosophical developments in the growth of education
as a discipline. It is designed to help preservice students
appreciate the social, historical, philosophical and cultural
factors that have combined to create the various understand-
ings of teaching and learning as we know them in this
country.

Rationale For Project
There are clear indications that peer support for achieve-

ment can be an important contributor to learning (Slavin,
1991). Techniques that resolve the dilemma of humanistic
educational goals and the achievement of basic knowledge
of content usually involve some form of group work. There
is growing acknowledgment of the wisdom that student
success in school can be related strongly to the idea of
interactive relationships organized around academic work;
this is especially true of college students (Light, 1992). The
idea of future teachers working together on their learning
therefore has an intrinsic appeal that makes even greater
sense when combined with technology in the form of
computers. This intersection of ideas led to the technologi-
cal inn ation: on7line reports via e-mail.

The E-Mail Project
The e-mail technology was applied to a previous

requirement in the EDU 202 course that called for students
to report on a site visit to collect information on a program
or project at a school. The rationale for the site visit
included the concern that these students needed to be
engaged on a regular basis with operating schools so as to
ground their classroom instruction in real experience. The
students had already been placed in schools for a three week
observation experience prior to the spring semester and so
were usually familiar with the school they selected for the
site visit.

The site visit guidelines were distributed and explained
along with the additional dimension of sharing the report
with classmates by electronic mail. Students were advised
that they would be learning how to use the electronic mail
system of the college in order to assist them in communicat-
ing with the instructor and with each other. Supporting
materials for the electronic mail instruction were distributed
and students were given opportunities to practice the
procedures. The instruction in the use of the system took
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several class meetings and bears some comment.
Learning the System. Every Iona student is required to

complete 3 credits in computing as part of the core curricu-
lum. This requirement means that each of the students in
the 202 course has some familiarity with the Iona system
and is comfortable in a PC environment. The electronic
mail system, however, runs on the mainframe system and
needs to be accessed from a lab or by modem. Most
students found this to be a significant adjustment even when
they had been familiar with the system from other courses.
The guidelines for signing on to mainframe computer had to
be revised several times as the configurations became better
understood by the instructor.

Several classes had to be given over to instruction for
signing on and signing off the mainframe, adding a signa-
ture, moving from reading mail to sending mail, sending
mail to a group, copying mail, and reviewing outgoing
messages.

A very significant adjustment surrounded the mainframe
text editor. All students were taught the basics of
Wordperfect as part of their core course in computing.
However, the editor in the mail system was not
Wordperfect, but an older version of word processing that
differed in several significant ways from WP. It was not a
"friendly" package. Students found the lack of a word-wrap
feature especially irritating. Many students improved their
performance by asking the student at the next terminal for
help when needed. Students were comfortable asking for
and receiving help from their peers on computers.

Instruction and Public Computer Laboratories. A
teacher educator working in this technology will need to be
flexible about the amount of time needed to bring the class
to independence on the system. The most efficient instruc-
tion usually involves having students convene in the
computing laboratory. Instructing students in a laboratory
setting can be a trying experience for teachers accustomed
to a lecture mode of presentation unless certain precautions
are anticipated and adjustments made. If an institution has
not arranged for separate departments to have exclusive
computing laboratories, then public labs must be reserved
well in advance through a central authority in the institution.
Most faculty would not be familiar with this process unless
they had done sufficient investigating. Public labs need to
be examined by the instructor ahead of time to be certain
that the sign-on procedures designed by the instructor match
the sign-on procedures being used in the labs.

Often students throughout the institution are accustomed
to working uninterrupted in public labs and are not in the
habit of inspecting the reserved time form posted at the
entrance to each Lab. The instructor is advised to arrive
early at the lab and to announce to the users in the lab that a
class will be arriving shortly and would they please make
arrangements to end thc session they are on and move out of
the lab. As a practical matter, this is not a small consider-
ation and should be handled diplomatically so as to be fair
to those users who are already in place in the lab.

Learning Curves. Most students found the use of the
e-mail system added considerably to the amount of time

they needed to spend on campus in order to master the
system. They were reluctant to adjust their tight schedules
of class, commuting and work responsibilities in order to
add the task of mastering e-mail. Additional motivation was
provided by the instructor placing on the e-mail system
samples of the midterm and final examination questions.
Students were advised that the examination material was
available in this form only and no hard copies were to be
provided. Most students took the extra time to sign on and
read the exam questions and take the test. The answer key
was placed on the mail facility some time later in order to
encourage additional use of the system.

After the basics of e-mail were mastered, the students
were directed to send e-mail to the instructor as a basis for a
quiz grade. Practice in signing on and signing off the system
proved to be a useful part of the instruction. The details of
getting in and out of the mainframe system could be
confusing when not practiced thoroughly. The sign-on
routine eventually became embedded in the ritual of coming
to class. Students eventually signed on and signed off
automatically with no additional instruction. The next level
of expertise proved harder to master.

Students had to learn moving around the e-mail system
with its options and its restrictions and its specialized
vocabulary. The last item especially can strike the casual
user as arcane and confusing. Lessons were designed to
teach them separate sections of the system with exercises
built in to give them practice in the techniques. As students
mastered Send Mail, for example, they would next be asked
to Forward Mail and then to Add Nicknames to their Mail
Directory and finally, to add a Group to their Mail Directory
to receive their reports and research. At this point they were
assigned to a Working Group and advised to include the e-
mail Address for each member in the Group under their
Mail Directory.

Students had paired off for the site visit research.
Pairing accomplishes several things. Students are collabo-
rating and both are responsible for the success of the visit.
Students are connected with someone they can work with to
accomplish a goal and this kind of team work usually results
in increased appreciation for the other person. Teachers too
often can become isolated, especially in larger schools, and
this partnering in preservice education can help them to
understand the importance of working together. The
instruction makes a point of this aspect of the design.
Partners reporting on site visits also divides in half the
number of possible reports that need to be evaluated by the
instructor.

E-mail allows teams to write and revise on the screen.
The reports are submitted electronically to the instructor.
Each report is answered electronically by the instructor with
additional questions for the team being the usual form of
response. Each pair of reporters is also responsible for
sending their report to each member of the Working Group.
In this way, each of the site visits has a potential audience of
5, (instructor, partnsr, 3 students in the Working Group)
thus increasing the dispersal of information and adding to
the consideration of kinds of audience for the writers of the
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report. No hard copies are exchanged although students are
free to print e-mail.

Suggestions for Lab Sessions. Giving instructions
while students are seated in front of active terminals can be
frustrating. Students will be distracted by the activity on the
screen and not readily pay attention to directions being
given at the same time. It is good practice to have the
terminals dark at the beginning of teaching sessions in the
lab in order to assure maximum attention from students to
directions that will have a direct bearing on their ability to
access the system. Graduate students generally have more
difficulty listening to directions than undergraduates in these
settings.

Once students are in place and the machines are turned
on the instructor may need to have written directions
distributed with the steps in the sign-on process arranged so
as to minimize the chances for serious problems. The sign-
on instructions need to be carefully worked out and pilot-
tested with a student or two before the class uses them.
Often the directions that appear specific, clear and logical to
the instructor will contain ambiguities and gaps in process
that will only be apparent when they are followed carefully
by a naive user who cannot guess what the instructor really
meant to say at a particular point.

As soon as the students are released to work on their
own, the instructor needs to be moving around the room
watching the screens to see who needs to be helped first.
Many times the student will be stuck at a screen and trying
to read the entire message while the next student will have
gone several screens ahead with no hesitation. The sign-on
and mail facility are similar in that several layers of
procedures must be gotten through. At one point in order to
get from the network to the mail facility screen (most labs at
lona start at the network screen) it was necessary to pass
through 8 different screens with at least one keystroke
required per screen before a student arrived at the mail
facility on the mainframe. The crossing over process
becomes routine for students only with practice. Very few
students used the mail facility prior to coming to the class;
they had all received instruction and practice in the basic
computing course but apparently had not made the mail
facility a regular part of their schooling processes. Many
expressed surprise at the various features of the system and
seemed intrigued by the possibilities inherent in this method
of communication.

The instructor needs to be prepared to juggle questions
from students at varying levels of complexity and usually
simultaneously. Once released from having to listen to the
instructor for each step, they are free to move at their own
pace and so the questions and problems will occur in more
or less random order and from various parts of the room. It
is often useful to remind them to check with the nearest
student first if they have a question. This permits the
teacher to spend more time with the truly needy; usually this
student has been absent from the previous lab meeting.
Often a problem will arise on several screens at the same
bine and this is usually a sign that the instructions were
misinterpreted or badly written. At this point a general

direction from the instructor can clarify the issue for
everyone simultaneously.

Lab assistants can be very helpful during class sessions
when the number of questions suddenly overwhelms the
instructor. Lab assistants are most helpful when they have
been briefed ahead of time as to the nature of the class and
the type of instruction to be provided.

Persistent Troublesome Issues. Very often some
students will not be familiar with the keyboard. Even when
they have a computer at home or have taken courses on the
campus they have not been routinely at work on the system.
Students will also find the change of venue upsetting for a
while. They are not used to listening to instruction while
having such an attractive distraction as a full color monitor
directly in front of them. A teacher who is uncomfortable
with competition of this kind will need to adjust quickly to
the change.

Some students will be very familiar with the computer.
These students will often begin to work on the system as
soon as they enter the room. They will frequently not hear
directions correctly as a result. It is best to have all the
machines turned off when students enter so as to have a
reasonable chance of keeping their attention for the instruc-
tion. It May be helpful to have a more competent student sit
near a less competent student to assist him or her when
necessary.

Opportunities and Reasons. The students can be
encouraged to use the mail facility by several means.
Placing examination review questions on the mail system
has been mentioned earlier. Students are also assigned to a
Working Group usually of 4 or 5 persons for several
exercises in class discussion. These groups are responsible
for knowing the names of members and eventually they are
combined in a mail group by the instructor after inspecting
the quiz performances of all and arranging weaker students
to be grouped with stronger students. The mail group is
assigned a Team Color for inclusion in the Mail Directory
for each member. Later, when the time comes for the
dispersal of information on site visits and similar ventures,
the Working Group receives mail from each member for
inspection and review. Ultimately the idea is that each
Working Group would be in dialogue around issues
generated by the work of the individuals in the group.
Hopefully, this particular practice will lead to reflection by
these students on the value of collegial problem-solving for
education by the educationists. Even in cases where the
student is not planning to be a teacher, it is hopr.:: he or she
will come to see the value of working together to solve
problems.

Implications for Teaching. Electronic mail technology
has several advantages in the group setting. First, it is
always a typewritten text that is being processed and so the
ease of editing can lead to more complex and comprehen-
sive products. Second, the message can be sent and
received at any time of day. Students on complicated
school/job/commute schedules can be in touch with each
other via e-mail in ways not possible with conventional
telephone messaging. Third, the instructor can be in
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communication even when the student is not in class.
Messages can be sent and received from various parts of the
campus. This instructor can communicate from home by
means of a modem and software that allows connection to
the mainframe for the cost of a local phone call. Fourth, the
duplication of paper and the exchange of papers can be
significantly reduced at a savings to several constituencies.

At Iona College, the e-mail project will be continued for
several reasons. The students here have first rate facilities to
take advantage of. The students going into teaching will be
faced with computers in more and more school systems;
superintendents will want to employ teachers who are
comfortable in such an environment. Students in schools
now will, by all accounts, need to be more technologically
literate than any previous generation schools will need
teachers who can use the computer with a level of comfort
that will make the computer as ubiquitous as chalk and
blackboards.

As the semester progressed more and more mail was
processed and answered by the instructor. This increase
showed across a wide spectrum of students. Several
students reported discovering Bitnet which allowed them to
write to friends at other universities. Students showed
increasing confidence in moving in and out of the system in
various labs. Many were at first unaware that the same mail
facility was accessible from any lab on campus. They
became more comfortable about connecting between classes
to check their mail. They needed less and less intervention
during lab meetings. They began exploring aspects of the
system on their own that were unfamiliar to the instructor
but showed promise of being useful and/or interesting once
the initial intimidation had worn off. Students seem to grow
in confidence to the extent that they realize that they can
make mistakes and still make progress. This is a lesson that
every student needs.

Communication with students has always been an
essential feature of all teaching. Indeed, faculty-student
relationships are second only to relationships with peers in
the degree to which students are affected by their years in
college (Astin, 1992). A teacher who commits to e-mail as
a focus for dialogue with students needs to design processes
for expediting the volume of electronic text that will begin
to flow from those students who take advantage of this
opportunity for dialogue. Students who respond to the
prompts only because grades are associated with use will
only be heard from at teacher-set intervals. However, there
will generally be a percentage of students who will eagerly
take up the invitation; they will begin to dialogue exten-
sively on the e-mail system with the faculty member. Time
management issues become significant dilemmas: wishing
to connect means taking time from other responsibilities.
Each situation will be full of its own variables. The e-mail
assignment is seldom "over" in the traditional sense of that
word. Students may continue to stay in dialogue long past
the end of the course; the conversation has now gone
through the artificial constraints of terms and semesters.
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Integration of Hypermedia
into Teacher Education: A

Beginning

Sue P. Reehm
Eastern Kentucky University

Mary Ann Kolloff
Eastern Kentucky University

As the reform movement continues in education, school
systems are purchasing computers and related technologies
often without the ability to incorporate them into the
curriculum. Schools in Kentucky are mandated by the
Kentucky Education Reform Act (KERA) of 1990 to
incorporate technology to change the way children are
educated in the Commonwealth. The learner outcome on
the use of technology from the Kentucky Curriculum
Framework states: Students use computers and other
electronic technology to gather, organize, manipulate, and
express information and ideas. One suggestive use of
technology by students involves maintaining at least part of
the required portfolios for writing and mathematics in a
hypermedia environment. Students may incorporate such
aspects as text, graphics, sound, video, and photographs
within the entries for their portfolios. However, many
classroom teachers are uncomfortable in addressing the
learner outcome of using electronic technology because of
their lack of knowledge and skills in hypermedia.

Integration of hypermedia
Hypermedia is a powerful tool for teachers to use in

creating instructional presentations and packages as well as
a vehicle for students to use in expressing information and
ideas. While most teachers make personal use of comput-
ers, many do not have the background to use computers and
related technologies to produce a hypermedia product.
Teacher education institutions have been successful with
integrating activities such as reviewing and evaluating
software packages in teacher education classes but appear
slow in integrating authoring programs for hypermedia.
Both preservice and inservice teachers need help in first
becoming producers, and second, helping students to
produce hypermedia products.

To address the need, selected teacher education courses
at Eastern Kentucky University have incorporated activities
for producing hypermedia products within existing courses.
The intention of this paper is to describe issues and activities
related to the integration of hypermedia production in the
courses. The issues involved in selecting various
hypermedia environments included cost, availability,
familiarity with platforms, hypermedia literacy, time and
effort required for production, and advantages as well as
limitations of the hypermedia environments. Three
hypermedia authoring systems were selected to be intro-
duced to the students.

StoryWorks
Since the students had little or no prior experience in

developing nonlinear products with the computer, the first
program selected for use was StoryWorks for MS-DOS
produced by Teachers' Idea and Information Exchange.
StoryWorks is a low-cost, hypertext software tool for
creating branching applications. In addition, a limited
number of sounds provided by StoryWorks can be incorpo-
rated. This program is available in both MS-DOS and
Apple formats. The MS-DOS version selected uses the
Microsoft Works word processor to create hypertext stacks.
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Using one of the example stacks on Storyworks coupled
with the students familiarity with Microsoft Works lessen
the startup production time needed.

As an introduction, the concept of developing
nonsequential documents through the use of webbing or
branching was illustrated. As students started developing
hypertext stacks, the need for some type of diagraming or
flow-charting of the branching became apparent. Students
utilized examples from StoryWorks to gain experience
using nonsequential branching. Students were then directed
to pick an individual topic within their discipline area for
developing their own stack. As preservice and inservice
teachers further developed their topics, they became excited
about the educational potential for their own students with
hypermedia products.

Using the Microsoft Works word processor, StoryWorks
segments or cards are created as separate pages. The cards
containing related topics or information are linked to each
other by transfer directives. These transfer directives define
"buttons" or keys on .the keyboard which would allow the
user of the stack to choose the branching direction. The
StoryWorks stack, containing 1 to 1024 cards, is then saved
to disk as a standard Microsoft Works word processor file.
The StoryWorks program is used to read the stack and
activate the transfers and sound effects.

At the conclusion of this hypermedia experience,
advantages and limitations of StoryWorks were addressed.
Some of the advantages found within this program are the
low cost for classroom use and the relative ease of learning
to develop stacks. Limitations of the program include the
limited graphics capability, limited number of sounds, and
the lack of mouse control while running tik acks.

HyperCard
The second hypermedia experience was with HyperCard

which allowed students to incorporate text, graphics, and
sound into a hypermedia project. HyperCard was selected
because of its accessibility on the University campus and to
give students experience on the Macintosh platform.
HyperCard is a tool for accessing information by defining
one's own way through information, a user-friendly
authoring tool for constructing original work, and a gateway
to multimedia applications.

Concepts such as branching, stacks, buttons, card/
segment invoduced in StoryWorks were initially reviewed.
Within HyperCard, students were introduced to the concept
of an object-oriented authoring progam. Students' initial
experience consisted of demonstrations of HyperCard stacks
and a systematic hands-on activity for constructing a stack.
Such hands-on activities are necessary to introduce the
concept of "tearing off' the tools menu. Placing the tools

menu on the card allows for the selection of tools from the
tool palette to browse, work with fields or buttons, and use

the paint tools. To keep track of the sequence and branch-

ing of information, students often needed to number cards

using the tool menu.
Students designed and developed a stack with the five

objects: stacks, cards, backgrounds, fields, and buttons. In

the development of the stack, students were required to
create and incorporate graphic images. Simple HyperCard
stacks were based on the students' specific emphasis area
(e.g., math, science, music, art, or language arts).

Advantages of HyperCard include the user-friendliness
and the graphics capabilities of the program. The accessi-
bility of the tools menu provides for ease when constructing
stacks. Limitations for the students included keeping track
of various cards, inexperience in using a mouse for con-
structing graphics, and using the allocated time constructing
graphics rather than adding sound effects to the stack.

Multimedia 1
The third hypermedia authoring system used was a

shareware package, Multimedia 1 by DareWare, Inc. This
package allows students to incorporate text, images, and
sound into a hypermedia project on a MS-DOS platform.
This program was chosen because of its low cost and its
relatively simple computer system requirements (a hard
drive and 512 K memory). In addition, the products created
can be stored on and played from a single disk.

The students were able to use their previous experience
on StoryWorks and HyperCard to begin creating presenta-
tions in Multimedia 1. The built-in Development Editor
with a pull down menu, mouse support and multiple
overlapping windows environment was used to develop a
hypermedia program. The program examples and com-
mands, sounds, and images libraries allowed students to
develop an initial presentation with relative ease. Students
then created projects based on their certification area and
level (primary, middle grades or secondary). In their
projects, students were required to use images, speech, and
sound effects.

Advantages of using Multimedia I include the ability to
incorporate created, scanned, clip art, or other graphic
images in GIF, PCX, PIC, and 'Ill-14 files; combine speech,
music and sound effects and play them through the PC
speaker or sound board; the ease of using the built-in editor
to write and create programs; and the ability to create simple
or complex presentations. The use of color and special
effects is very appealing to students. A limitation with this
as with other hyperrnedia authoring programs is the time to
find and develop the graphics and sound files to support a
particular selected topic.

Conclusion
These three hypermedia experiences provided the

students with practical applications for and experience in
using hypermedia. The benefits to the preservice and
inservice teachers were in the development of skills in the
use of hypermedia and familiarity with both the MS-DOS
and Macintosh hypermedia platforms. Addressing the
issues surrounding the use of hypermedia in the classroom
was an additional benefit. Students became interested in
investigating other hypermedia authoring systems which
were available to them in schools, in other computer labs
on campus and/or on their home computers. Students
compared and evaluated the three hypermedia authoring
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systems as to cost, availability, platform preference,
usefulness in teaching, time and effort required for produc-
tion, and cognitive effects.

After using the three authoring systems, the use of
hypermedia in the K-12 curriculum, especially in relation to
KERA, was addressed. Issues raised included the time
required to learn a new program, the time needed to create a
hypermedia product, the comfort level of the teacher in
using hypermedia, the skill level of students, and the often
limited availability of computers.
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Intentions and
Implementions:

The Impact of Technology
Coursework in Elementary

Classrooms

Nancy P. Hunt
California State University Fresno

The necessity for providing teachers with professional
development opportunities in the instructional use of
technology is widely recognized. Most states now require
that some or all of their teachers gain knowledge and skills
for using information technologies. The intent of these
regulations is not to prepare "computer literate" teachers.
but to positively impact K-12 education by encouraging the
effective use of technology in elementary and secondary
school classrooms.

This paper will compare the findings of two studies
related to the impact of coursework in information technolo-
gies for teachers and then consider the instructional implica-
tions of disparities found between students' plans for using
technology and actual classroom practice.

Participants in both studies were enrolled in coursework
required of elementary teachers at a large state university in
central California. The first study involved an analysis of
reflective "position papers" submitted by 163 of these
students upon completion of the course. These papers
required students to review the course and determine which
topics and teaching strategies modeled in the course they
found most valuable and would like to implement in their
classrooms. The second study was based upon semi-
structured interviews conducted with 35 practicing
classroom teachers who had completed the same course in
previous semesters. The interviewees were asked about
their access to technology, how they applied the course
content in their teaching, and how they thought the course
might be improved to better meet their classroom needs.

Intentions
One of three open-ended questions asked of students in

the position paper assignment was "Which ideas, tools,
teaching strategies (if any) are you most anxious to use in
your classroom?" As shown in Table I, students reported
being most anxious to use educational software,
wordprocessing, and hypermedia technologies.

Numerous subtopics were often noted within these
categories. For example, 32 students said they wanted to
use wordprocessing for the teaching of writing and another
21 said they wanted to use it for publishing student work.
Thirty three reported being anxious to use simulation and
problem solving software while 27 wanted to use drill and
practice software. Seventeen specified the use of databases
to help them organize their student records and 14 wanted to
have their students create and use databases for preparing
classroom research project. Ten wanted to use Logo to
promote the learning of mathematics and development of
problem-solving abilities, 6 specified using spreadsheets for
classroom organization and record-keeping, 17 said they
wanted to teach their students to create hypermedia stacks,
and 15 were anxious to use CD-ROM and laserdisc
technologies.

Other than mentioning cooperative learning, few
students mentioned any specific classroom strategies for
managing computer-based instruction. Of those who did,
three said they wanted to use computers as "stations" within
their classroom and one noted that she would use an LCD
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panel to project computes images for whole class instruc-
tion. Twenry-seven said they would use computers for
motivating students, twelve said they would work to
integrate computers into their on-going curriculum, and five
said they would use computers as a reward or during "free
time."

Table 1
Topics students reported being most anxious to
use (N = 163)

Topic
Educational Software
Wordprocessing
Hypermedia
Cooperative Learning
Databases
Logo programming
Spreadsheets
Telecommunications

# of responses
88
81
61
50
49
28
11

10

Implementations
In the second study, fifty-one students who had earned

their clear multiple subject (elementary teaching) credential
between August, 1989 and December, 1992 were reached
for telephone interview. Semi-structured interviews were
conducted with the 35 who were currently teaching.

Technology Access. Twenty-four of the 35 teachers
reported having access to a computer in their classroom, 24
said they had a computer in their home, and 18 said they
had a computer both at home and in their classroom. Five
teachers reported no access to computer technology for
themselves. Twenty-four teachers said their students have
access to computers in the classroom, and 26 reported that
their students attend classes in a school computer laboratory.
Only two teachers reported their students do not have access
to a computer. The amount of contact varied greatly, but
most teachers reported their students use computers from
orx-half hour to two hours per week.

Three teachers with classroom computers said their
students used the computer for wordprocessing, but most
reported their students' computer use consisted of working
independently or in pairs on drill and practice software.
Several reported they allow their students to use the
computer during free time or as a reward alternative. Three
teachers who indicated their students had access to a
computer lab reported the lab was used with a pre-packaged,
commercial (either the Wicat or Writing to Read) curricu-
lum.

Coursework Topics. Two interview questions asked
which class topics the participants had used or would like to
use in their classrooms. As can be seen in Table 2, just over
half the participants reported using wordprocessing but
since only three teachers reported letting their students use
wordprocessing, one might assume that the other 16
teachers have used this application solely for personal
productivity. Likewise, since 24 teachers said their students

had classroom access to a computer but only 13 reported
using their sldlls in software review, it can be assumed that
the teachers use whatever software they "inherited" and
have reviewed other packages for use in their classrooms.
Less than ten percent reported using computers for any
other application.

Table 2:
Classroom Use of Course Topics (N = 35)

Topic
wordprocessing/writing

process
software review
hypermedia dev/multimedia

products
databases
spreadsheets
Logo programming
cooperative learning/

curriculum integration
gradebook program
telecommunications

Have Used Would like to Use

19 9
13 0

3 9
3 7
3 6
3 5

2 6
1 2
0 5

Table 2 also shows that the interviewees were interested
in using hypermedia and tool software. The teachers were
then asked why they were not already using these other
applications in their classrooms. Table 3 shows that the
most frequently given reasons for not implementing these
topics were a lack of equipment or software and limited
time in the school day.

Table 3
Factors Which Hinder Use of Course Topics (N
35)

Hindrances to Usage
limited access to equipment
limited time
lack of needed software
limited funding
teaching in a special education program
transient student population
student capabilities
fear, apprehension over using technology
new teacher, other priorities
just recently got computers
lack of classroom space
lack of modern/telephone line

No. of Responses
13
8
4
4
2
1

1

1

1

1

1

1

Table 3 also reveals some more troubling comments.
One person expressed negative feelings about using
technology; four implied that computers were not appropri-
ate for their transient or special needs children; and one said
that she, as a new teacher, had other priorities.

Suggested Course Modifications. Most students did
not offer any suggestions for how the course could be
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modified to better meet their own or future students' needs.
There were several, however, who indicated they had had
trouble knowing how to start using the computer in their
classroom. Six said that they had difficulty implementing
what they had learned because they could not visualize how
to put into practice the concepts and skills learned in the
course.

When asked if there were technology-related topics
which would interest them as extension classes, the
interviewees had many suggestions. Most frequently
mentioned were: the use of CD-ROM and laser discs,
software review, telecommunications training, desktop
publishing, classroom management, and hypermedia
authoring. The reader might note that these same topics
were the ones mentioned by those completing the basic
technology course and by the interviewees when they were
asked what they would like to be using in their classrooms.

Discussion
Most of the teachers interviewed have access to

computer hardware at school, at home, or both. However,
most are relying on their computers solely for
wordprocessing and/or drill and practice games. This
corroborates the findings of a similar study (Keirns, 1992)
in which seven practicing classroom teachers who had taken
an equivalent course at another California State University
campus were interviewed. Keirns found that these teachers
had expanded their repertoire of computing skills as a result
of the class, but the range of their computer use was still
limited to rather mundane tasks and only two reported
changing their instruction to include more computer-based
activities.

As was true of the educators described in the landmark
government study reported in Power On! New Tools for
Teaching and Learning (OTA, 1988) most of the teachers
in this study cited a lack of money, hardware, software, and
time as the factors limiting their instructional computing
usage. Further probing revealed that time was the most
critical factor time to explore the school's resources, time
to review and order software, time to learn new software
and envision its use, time to set up equipment, and tithe to
include computer-based activities in the school day. It
could even be said that time was a critical factor in their
ability to lobby administrators and parents to fund hardware
and software purchases specifically suited to meet their
students' needs.

The interviewee who expressed apprehension about
using computers in his classroom had been a student in one
of the author's classes five years ago. He was clearly fearful
of the computers at die beginning of the class, but became
more comfortable over the period of the semester and,
indeed, thanked the author for her patience and support as
he became a technology user. Unfortunately, there was a
four-year period between the time he had taken the course
and the time he began teaching. He had not continued
practicing his skills during this period, so had lost them. He
was upset with himself for letting this happen and requested
(and was given) permission to sit in on the class again long

enough to re-learn wordprocessing.
Surely those teachers who explained their lack of

computer use on the type of student they teach are working
from a lack of awareness. Non-remedial computer-based
instruction has been shown to be highly motivating for at
risk and special needs children (Martinez & Robbins, 1992)
and many excellent products for English as a Second
Language learners have recently come to market (Hunt,
1993).

In reference to the teacher who said she had other
priorities, if she had internalized the value of computers for
accomplishing instructional and classroom management
tasks, she would view them as a godsend for any teacher,
new or veteran.

Implications
We know that the inclusion of educational technology

coursework in teacher preparation programs is having an
impact in K-12 classrooms. Anecdotal records of students
returning to campus and reporting proudly about how they
are incorporating computers in their instruction; informal
interviews with school district personnel who report that the
new teachers coming in are clamoring for computers and
software, questioning administrators regarding their
spending priorities, and becoming involved in school-wide
technology planning tell us that we are having such an
impact.

However, we can also see that the impact of this
coursework has not been as widespread and deeply embed-
ded into instruction as we might like. The studies discussed
here show that elementary school student computer use is
mostly limited to wordprocessing and drill and practice
software and their teachers' use of computers is typically
limited to the clerical chores of teaching.

Given the complexity of the task, it is not reasonable to
expect teacher preparation programs to be solely responsible
for instructional innovations in K-12 education. But clearly
teacher preparation coursework in educational technology
...an be enhanced by listening to graduates and heeding their
concerns. To increase the depth and breadth of K-I2
classroom implementation, it is suggested that teacher
education faculty consider modifying their coursework to
include:

discussion of classroom management issues,
visitation of model K-12 classrcmis (or experiences with

videotapes and hypermedia resources portraying such
classrooms) in which students can sec computers being
used for more than drill and practice sessions,

demonstrations of software and instructional methods
appropriate for working with special needs children, and

activities in which students envision themselves using
technology as a medium for instruction and seek
administrator and financial support for their efforts.

I also believe that seeing technology used in a single
course in educational computing, or even within several
university courses, is not sufficient for preparing teachers to
effectively use information technologies. Students must
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have many models of effective technology use, and they
typically did not see advanced technologies used in their
own K-12 education or in their postsecondary experience.
The sites selected for preservice field experiences must give
students multiple opportunide , to observe and practice
teaching with technology during their student teaching
assignments. It is in these preservice field placements that
students become acquainted with the realities of life in
ele.-nentary and secondary classrooms, look for real-world
ccanections to content presented in their university founda-
tions and teaching methods classes, and develop their own
instructional and managerial skills.
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For almost 20 years, integration of technology in the
classroom has been a focal point for innovation in our
nation's educational system. Two issues have dominated
the discussion: the potential of the new technology and the
need to effectively "integrate [the technology) throughout
their curriculum" (Baron & Orwig, 1993, p. 5). Research on
such varying aspects of technology in the schools as
attitudes, anxiety, and performance has proliferated as
educators attempt to make sound decisions about computer
use (Richards, Johnson, & Johnson, 1986). One aspect of
the integration of technology which has been studied is the
training required for effective use of instructional technol-
ogy. As in other content areas, the type and amount of
training in instructional technology available to teachers
varies enormously in quantity and quality. Like other
educational innovations, the integration of technology has
become an important issue in preservice teacher education
programs.

Review of Current Literature
Current research literature on student teachers' attitudes

toward the integration of technology in the classroom
supports the importance of experiences with technology
prior to student teaching. Such pre-student teaching
technology experiences appear to have a positive effect on
both skills and feelings of preparedness for integrating
technology in the classroom.

In a study of student teachers' perceptions of instruc-
tional technology, Hunt and Bohlin (1991) found that the
majority of student teachers who reported prior computer
experiences indicated their experiences consisted of word
processing or recreational uses like computer games. Such
previous computer experiences were strongly correlated
with positive student teacher attitudes toward the use of
computers in their future classrooms. Unfortunately, these
student teachers were generally unable to identify ways
teachers might use computers in their work.

Another study (Dradowski, 1993) which investigated a
preservice computer education program by describing the
attitudes of three students in the process of completing the
program focused on the respondents' views of their
completed training. The participants' responses supported
the idea that the computer education base focusing on
technical aspects of instructional technology was too narrow
and should grow from teaching students about computers to
teaching future teachers on how to teach with computers.
The findings also indicated that the students must pass
through stages or levels before adapting an innovation.
Prior experiences are an important element in progressing
through these stages when attempting to become competent
at integrating technology into the classroom.

Brownell, Zirkler, and Brownell (1991) looked at the
perceptions of preservice teachers and measured their
attitudes toward teachers as computer users. They reported
that preservice teachers viewed the computer user as "more
strongly gaining efficiency" through the use of a computer.
This is to say that they felt other professions gained
efficiency at the job site more from using computers than
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did teachers. The study also indicated that increased use of
computers during their college years could lead to abetter
understanding of how to use technology in the classroom.

Handler (1993) studied first-year teachers' sense of
preparedness to use instructional technology. She found
that first-year teachers who reported that instructional
technology had been integrated in their methods courses or
in their student teaching felt better prepared to integrate
computers into classrooms than their peers who had not had
such integrated experiences. She also reported that, while
taking a single technology-oriented course helped improve
the preparedness of those who had little prior technology
experience, the modeling of instructional technology
integration in courses and student teaching was crucial to
feelings of preparedness. Through a qualitative component
of her study, Handler found that first-year teachers per-
ceived four main gaps in the use of technology in their
preservice training:

(1) the need for additional information about hardware,
(2) the need for additional information about and experi-

ences with software,
(3) areas in which the teachers felt they needed to become

more comfortable with computers, and
(4) their needs as new teachers to have had opportunities to

become more familiar with instructional strategies for
using computers for instruction. (p.151)

Since student teaching experiences play a pivotal role in
teacher education (Guyton & McIntyre, 1990), it seems
wise to specifically examine the role of such experiences on
knowledg.. of and attitudes toward instructional technology.
The impact of student teaching experiences becomes
especially important when teacher education programs do
not have access to current technology available in public
schools or lack the facilities to thoroughly prepare large
numbers of prospective teachers in technology.

Purpose and Design of the Study
This study used qualitative research methodology to

examine the impact of experiences with technology prior to
and during student teaching on students teachers' attitudes
toward and knowledge of the use of instructional technol-

ogy. The 11 secondary student teachers who participated in
the study were assigned to a public senior high school which
emphasized the integration of technology in classroom
instruction. Student teachers were expected to design and
deliver instruction using instructional technology. All the
student teachers received on-site training in the use of
instructional hardware and software available at the school

including Ed Ian products, multimedia, and Ultimedia. The

training, provided at the start of student teaching, was
conducted by the teacher who was responsible for training

the school faculty and facilitating technology integration.
After approximately six hours of orientation to available
technology, each student teacher was encouraged to identify
the technology most appropriate for his/her content area.
Training in that technology was then provided. In some

cases the training could be completed in a few sessions. in
other cases (i.e., Linkway) the training continued for most
of the semester.

The 11 student teachers represented a variety of
secondary content areas with two in English, four in
mathematics, and five in social studies. Four student
teachers assigned to the school in the 1993 spring semester
responded in writing to a series of questions. The questions
addressed prior experiences with technology, technology
training and use in student teaching, expectations for future
use of technology, and perceptions of the value of instruc-
tional technology. Seven student teachers assigned to the
school in the 1993 fall semester were interviewed using a
semi-structured interview schedule. Interview questions
addressed prior experiences with technology, perceived
value of instructional technology, technology training and
use in student teaching, and expectations for future use of
instructional technology. The data were gathered early in
the student teaching experience. At that point, student
teachers understood that integration of technology was
expected but had not yet participated in on-site technology
training.

Results
Data from the questionnaires and transcribed interviews

were segmented into idea units and categorized using a
phenomonological approach (Hycner,I985). The categories
identified through otir analysis were (1) knowledge of
instructional technology, (2) prior experiences with technol-
ogy, and (3) attitudes toward and perceptions of the role of
instructional technology in the clasroom.

Prior experiences with technology
The prior experiences reported by the 11 student

teachers varied widely. Six of the student teachers reported
that the eight-hour microcomputer module required for
entry to the teacher education program was their only
experience with instructional technology. At the other end
of the spectrum, one student teacher reported experience in
two computer programming languages, word processing,
and using computers in university content area courses.
Despite the differences in prior experiences with technol-
ogy, the descriptors the student teachers applied to their
level of experience were remarkably similar, "pretty
minimal," "I haven't had much," "not much," "I did not get
much," "very little, if any," "I'd say little, if any," and "very
little." Only two student teachers did not characterize their
level of experience in a negative way.

Knowledge of instructional technology
Analysis of student teachers' knowledge of technology

revealed relatively low levels of the technological knowl-
edge as well as some interesting perceptions of technology's
potential role in education. Student teachers' access to and
experiences with instructional technology were limited. All
of the student teachers had completed the required micro-
computer module. Two of the student teachers had also
seen some laser disc technology at the university, all the
math student teachers had seen graphing calculators, and
most of the group reported word processing papers for



classes. One student teacher was aware that Linkway
existed because her roommate had used it while student
teaching at the same high school. All the student teachers
indicated they had access to computers at university
microcomputer labs and at the high school. About half of
them also indicated they had access to computers or word
processors owned by roommates or friends. Three of the
student teachers reported owning word processors, and one
indicated she had a personal computer. None of the student
teachers, however, was able to articulate specific goals,
guidelines, or principles related to the use of instructional
technology

Attitudes toward instructional technology
Two student teachers' interviews consistently supported

their stated comfort in using and learning to use instruc-
tional technology. Three other student teachers indicated
that they were "unsure" but had already begun to select the
technology they hoped to implement. Another group of
three student teachers characterized themselves as neutral.
Of this group, one student teacher's attitude actually seemed
consistently neutral. She indicated that she knew technol-
ogy integration was required and thought that was helpful to
the kids but she portrayed no emotion about the expectation
or the technology. She seemed to see this as a task which
was neither objectionable nor desirable; it was simply a fact
of life. The other two students who said they were neutral
expressed considerable ambivalence about the "difficulty"
of implementing technology. A final group of three student
teachers were unequivocally apprehensive. These student
teachers expressed concern about student response, break-
down of equipment, and the difficulty of learning to use
technology.

Perceptions of the role of instructional
technology in the classroom

Student teachers' perceptions of instructional
technology's potential role in their classrooms were rather
limited and seemed to reflect four basic themes: technology
as managerial support, technology as a motivational tool,
technology as an unreliable or difficult requirement for
teachers, and technology as an unknown.

Three student teachers seemed to perceive instructional
technology as a managerial support. Two of these student
teacher reported that technology was useful for making tests
or worksheets. As one of them said, "you have a nicer end
product" that "looks better to them [students]." Two of the
three student teachers in this group also indicated that their
goal for implementing technology was to "maybe" have
their students "do papers" on the computer.

Three student teachers seemed to view technology as a
teaching tool. One, who had seen his cooperating teacher
use Ultimedia, seemed to see instructional technology as a
motivational tool that "kids are interested in," "is lifelike,"
and "covers pretty much everything in history." A second
student teacher noted that the school had 90-minute periods
and that meant using a variety of resources, including
technology, to keep students' interest. The third student
teacher, who responded similarly, noted that "different

people learn in different ways and I have to cover all of
them." He felt technology could help him do that.

A third theme depicted technology as an unreliable or
difficult requirement for teachers. This theme was very
common; nine student teachers indicated in some way that
implementing instructional technology was "scary" or
"difficult" or "great, but you can't rely on it." Perhaps the
1-abivalence these student teachers felt about instructional
technology is best captured by the student teacher who
expressed a concern that students might not respond well to
instructional technology and then went on to say, "Comput-
ers sometimes scare me. If it is easy... and I see something
that would really work..., I will be more than happy to work
with it as much as I can but it will be difficult for me."
Another student teacher indicated that technology is a "great
aid" that "breaks up monotony" but he cautioned that
teachers "should not depend on it or rely on it. Some people
get too wrapped up in it." Interestingly, the student teacher
who spoke of the value of technology in accommodating
students' learning styles also reported feeling "neutral about
it because change is not always good and some children do
not always learn by that method."

The final theme came from student teachers who really
felt that instructional technology was an unknown for them.
While all the student teachers were somewhat unsure of
themselves in implementing instructional technology, the
five student teachers for whom this theme predominated
were unable to articulate any specific ways instructional
technology might be used. Not surprisingly, they reported
feeling "scared," "apprehensive," "curious," and "unsure"
about the requirement that they implement technology in
their student teaching.

Conclusion
Earlier studies have established the importance of prior

experiences, integration, and focus in preparing teachers to
implement ir.structional technology. However, the reality is
that prospective teachers still do not seem to have adequate
preparation to effectively implement instructional technol-
ogy. While experiences with technology seem to be more
available than in previous years, it cannot be assumed that
all prospective teachers have had such experiences. Many
of the students in this study report very minimal experiences
with technology prior to student teaching. No matter what
experiences these students have during student teaching
they have been deprived of the opportunity to m---e slowly
through the levels of adopting an innovation which
Dradowski (1993) found to be so important.

The student teachers' attitudes toward instructional
technology varied widely. Fear of the unknown appeared
to be a prominent and natural contributor to their attitudes.
Since their experience levels were so diverse, the variance
in attitude reflects the findings of Hunt and Bohlin (1991).
It is interesting to note that, unlike the student teachers in
Hunt and Bohlin's study, none of these student teachers
reported any recreational use of computers.

It appears that a lack of focus on and integration of
instructional technology in the teacher education program
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allowed the student teachers to form their own misconcep-
tions of technology. The respondents' inability to present
specific goals, guidelines, or principles related to the use of
instructional technology indicates a need to integrate
technology in both content area and methods courses at the

university. The student teachers had not been systematically
exposed to or given instruction in the use of technology
during coursework prior to student teaching. In short, these
student teachers were experiencing every "technology use
gap" described by Handler's (1993) first-year teachers.

The themes and ideas that emerged from the students
teachers' perceptions of the role of instructional technology
in the classroom were as varied as their attitudes. The four

themes which emerged demonstrated that the student
teachers did not see instructional technology as a classroom
learning tool. Again, earlier experiences might be designed

to alleviate this problem; however, another effective
approach of preparing future teachers may be site-based
technology training during student teaching.

Three main premises support the effectiveness of a site-

based approach to instructional technology training. First,

every school has a specific set of available technology. If
site-based training is used, student teachers will be able to
select appropriate and available technology and actually
implement it in their teaching. Second, the relatively small
number of student teachers assigned to any one school
would allow for much more personalized instruction. Such
personalization may be important in alleviating anxiety and

creating a sense that instructional technology is an effective

and valuable learning tool. Finally, site-based instruction
allows the student teacher to integrate technology in an
authentic setting. There is a strong and well-documented
tendency for novice teachers to see field experience
learnings as more practical and valuable than university
learning which they tend to characterize as ivory tower and
theoretical. Site-based training in the use of instructional
technology may promote the adoption of instructional

technology as a valuable and practical part of the teaching

repertoire.
This study suggests that teacher educators must continue

to carefully examine the effects of their programs on
prospective teachers' understandings ofand attitudes toward
instructional technology. The implementation of isolated
experiences, however well designeJ, does not adequately

prepare student teachers to implement instructional technol-

ogy. In a follow-up study which examines the impact of
site-based training in the use of instructional technology,

preliminary analysis of the data suggests that site-based

training has had an enormous impact on student teachers'

attitudes toward and understandings of instructional

technology. Partnerships between public schools and

teacher preparation programs may be a powerful method for
preparing student teachers to effectively implement
instructional technology as they begin their teaching careers.
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Computers and computer-related technologies have
become an emphasis in many American schools over the
last fifteen years. The number of computers in schools have
increased dramatically, with the current estimation being
over two million total computers in K-12 schools nation-
wide (Bork, 1991). Not only have the numbers of comput-
ers increased in schools, but also increased is the attention
given to the need for computers to be used by educators at
all levels.

Given the increased emphasis on using computer-related
technology in classrooms, some teacher preservice pro-
grams have tried to provide preservice experiences to help
future teachers use computers effectively in their instruction
(Niemiec and Walberg, 1987). But, often, the teacher
preparation programs have been criticized for reacting to
what is already happening ih K-12 schools instead of
leading (George, 1991). To address this issue, twelve goals
for educational computing and technology preparation in
teacher education programs were written jointly by the
International Society for Technology (ISTE) and the
National Council for Accreditation of Teacher Education
(NCATE) (Wetzel, 1992, p. 148). These goals emphasized
that future teachers should be able to demonstrate knowl-
edge about computers and the effective use of computers in
classrooms.

The literature dealing with preservice teacher education
programs and the emphasis on computer-related technolo-
gies can be categorized into three themes. These include the
rationale for including computer-related technologies in the
programs, the use of computer-specific courses, and the
integration of computer-related technologies into all or most
education courses.

The rationale for making changes that include computer-
related technologies has several bases. With the increasing
number of computers in schools, school districts expect
teachers, especially new teachers, to be familiar with the
technology and be able to use computer-related technologies
effectively in their classrooms (Carlson, 1991; Johnson and
Maddux, 1991; Novak and Berger, 1991a). Not only do
school districts demand computer literate teachers, but also
at least 23 state boards of education have requirements
dealing with computer experiences in teacher preservice
programs.

In most teacher education institutions, the first attempt at
preparing their future teacher students to use computer-
related technologies has been computer-specific courses.
These courses, often introductory in nature, usually empha-
sized computer skills (Strudler, 1991). Some topics
included in these courses were learning to use computers,
memorizing terminology, learning to construct computer
assisted lessons, and evaluating software and hardware.

Although the computer-specific courses provided an
introduction to computer use in classrooms, many authors
believed the key to providing quality computer experiences
was to incorporate computer-related technologies into all or
most education courses. The modeling of teaching strate-
gies that utilize the power of computers by college instruc-
tors has been the emphasis in many institutions (Harring-
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tton, 1991; Nelson, Andri, and Keefe, 1991; Novak and
Berger, 1991a; Strudler, 1991).

Purpose and Methodology
The purpose of this study was to investigate teachers

who are recent college graduates. The main emphases was:
1) computer use by the teachers, and 2) teachers evalua-
tion of their preservice preparation for using computer-
related technologies. Data were (-ollected from results of a
survey that was completed by 135 Iowa teachers who had
graduated from Iowa State University during the years of
1986 through 1990.

It should be noted that Iowa State University has
incorporated computer technology in its teacher education
program since 1983. A computer-specific course has been
available for education majors for almost a decade and
about one half of the education majors elect to participate in
this computer-specific course.

The Survey Instrument
The research team designed survey, "Survey of K-12

Computer-Related Technology Use by Iowa State Gradu-
ates," included four sections. Section one contained general
information questions about the respondent, such as gender,
age, general computer use and teaching experiences.
Information about the respondents' preservice experience,
such as number of completed computer-specific courses and
year of graduation, was also included in this section. The
respondents were asked to rate the importance of a com-
puter-specific course in teacher preservice programs and to
choose the most important topic of such a computer-specific
course.

Section two contained three parts. In parts I and II, the
respondents were asked to use a Likert-type scale to answer
questions on their proficiency in using various computer-
related technologies and their interest in using computers in
their classrooms. In part HI the respondents reported the
frequency that they used certain computer-related technolo-
gies during the past school year.

The third section of the survey dealt with teacher
attitudes toward computers and computer-related technolo-
gies. The survey included items on attitudes about personal
as well as classroom use of computers.

In section four, respondents evaluated their preservice
preparation program in the area of educational computer-
related technologies. This was done both in a numeric,
Liken type response, and also in an open-ended format.

Results and Discussion
Most responding teachers (97.8%) had used a computer

at some point in their life. Over 85% of the teachers
reported that they used the computer in their teaching and
about 44% owned a computer for their home. Computers
were available daily in their school to about 87% of the
respondents, but a liquid crystal display (LCD) panel was
available to only 25% of the teachers.

Teachers' Use of Computers and Attitude
Toward Computers

Items on the survey dealing with teacher computer use
was divided into three sections. They were teachers'
proficiency in using computer-related technology, teac Ts'
interest in using computers, and teachers' frequency of
using computers.

Teachers' average response to their proficiency in using
computer-based instructional applications (e.g. drill and
practice, tutorials, educational games, problem solving/
higher order thinking, simulations) was 3.64 (between
low[3] and medium[41), with the highest being 4.04 for
educational games. Their proficiency in using computer tool
software applications (e.g. word processing, databases,
spreadsheets, desktop publishing, graphic/drawing pro-
grams) averaged 3.44, with the highest being 4.40 for word
processing. In the newer, emerging technologies of this
category, the highest was 2.40 for vidcodisk usage.

The responding teachers rated their interest in using
specific computer applications in their classrooms or
computer labs. The overall mean of this section was 3.49
(between low and medium), which was much higher than
the mean of the proficiency section (2.86, between none and
low). The application with the highest interest rating was
word processing (4.44, between medium and high) followed
by problem solving/higher order thinking skills (4.30).

Respondents also reported theirfrequency of using
different types of computer-related application. The most
often used computer application was drill and practice with
an average rating of 2.64, followed by word processing,
with an average rating of 2.39. These mean scores indicated
teachers use these types of computer-related technologies
between sometimes (1-4 times per year) and often (5-10
times per year). Videodisks, CD-ROM, hypermedia, and
telecommunications were seldom used. Their average
scores were between 1.06 and 1.27, indicating between
never and seldom (1-4 times per year). These results
paralleled many national teacher surveys completed over the
past eight years (Becker, 1990; Office of Technology
Assessment, 1988; Sheingold and Hadley, 1990). As the
results indicate, these newer teachers were not using the
newer applications of computer-related technologies to a
great extent, even though almost one-half of them had been
introduced to the applications in college. The reasons for
this are unclear, but the lack of equipment, as indicated by
the low number of LCD panels available, may be one of the
large bathers to the use of these newer, emerging types of
technology.

In the attitude section of the survey, three factors
emerged from the 23 teacher attitude items. The mean
responses for the factor, teacher confidence toward using
computer-related technologies, was 3.93 (close to agree).
The mean response for the factor, teacher general attitude
toward computer-related technologies, was 4.30 (between
agree and strongly agree). The mean response for the
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factor, teacher attitude toward the necessity of computer-
related technologies in education was 4.55.

The results of this study dealing with teacher computer
use and attitude indicated that teachers had a very positive
attitude toward computer-related technologies. They
believed strongly that using the computer is a necessity in
education, and they seemed somewhat interested in using
various types of computer applications in their teaching.
Yet, with many of the newer, emerging types of computer
applications, they did not feel proficient in the use of the
computer. In addition, they actually used the computer
infrequently, especially with regard to the newer uses that
have much potential for improved student learning, such as
hypermedia, video disk, and telecommunications (Dede,
1987; Maddux, 1993). The reasons behind this finding are
unclear. Lack of equipment and lack of proficiency would
seem to be two logical barriers to frequent use of the
technologies. Also, another possible reason for this
phenomenon could be the lack of preparation in their
teacher preservice experiences (this will be discussed later
in this paper).

Teacher Preservice Experiences
The respondents' teacher preservice experiences were

varied. About 43% of the total respondents completed the
computer-specific course, "Educational Applications of
Computers". Almost one-half (45%) of the respondents
indicated they completed no computer-specific courses in
college and about 30% completed one course. About 25%
of the teachers completed two or more computer courses

during their preservice education.
These figures are noteworthy for two reasons. First,

several state boards of education (not Iowa) have required
such a class be included in teacher preservice programs.
Second, when the respondents were asked to rate the
importance of a computer-specific course in teacher
preservice program, over two thirds selected "very impor-
tant and should be a requirement". "Very important" was
selected by 26.7%, with less than 6% selecting "no opinion"
or "not important" (See Figure 1).

It should be noted that the computer-specific course has
fallen out of favor with many authors (Novak and Berger,
1991a; Strudler, 1991). These authors suggested the
infusion of technology in all teacher preservice classes
should be the direction of most teacher education programs,
not the computer-specific course. The responding teachers
in this study seemed to disagree. They viewed the com-
puter-specific course as very important. The reasons for this
view are unknown. One possible reason may be that
although the teachers were interested in using technology,
they were not actually using it themselves to a large extent,
and, with this finding in mind, they may have seen the
computer-specific course as the only solution to computer
competency. Since they were not modeling technology use
in their classrooms to a great extent, they may not have
thought about modeling in college courses as the best
possible situation for learning about the use of computer-
related technology in classrooms.

The recent graduates were asked what should be the
main focus of an undergraduate computer-specific course.
Almost 40% believed the development of strategies used to
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No opinion Very Very important,
important requirement

Figure 1. Respondents' ratings about the importance of a computer-specific
course in teacher preservice programs.
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integrate computers into all disciplines, was most important.
Using tool software (which is often useful in many different
disciplines) was the second most chosen response (28%).
Only 17% indicated that learning to use the computer
should be the main focus of such a course. It is noteworthy
that these teachers have the same basic priority for a'
computer-specific course as many authors do for computer-
related technologies in general (Maddux, 1993: Sheingold,
Martin, and Endreweit, 1987; Vockell and Schwartz, 1992).

When asked how many of their educational methods
courses included modeling of computer-related technology
by the instructor, 53% of the respondents indicated zero,
30% indicated one, and 11% indicated two. The results of
this item are of concern. Much of the current literature
dealing with computer-related technologies in teacher
education emphasize the importance of instructor modeling
in educational methods courses. (Gunn, 1992; Johnson and
Harlow, 1993; Novak and Berger, 1991a; Strudler, 1991).

The respondents, recent Iowa State University gradu-
ates, were also asked to rate their preservice preparation in
using computer-related technologies. About two thirds
(67.4%) of the total number of respondents selected either
"very inadequate"(27.4%) or "inadequate" (40%) (See
Figure 2). Comparing these figures to a nation-wide survey
of students teachers by Fratianni, Decker, and Korver-Baum
(1990), the Iowa State graduates were somewhat more
satisfied with their preservice preparation. About 81% of
the student teachers in the Fratianni et al. study, compared to
67.4% of the teachers in this study, felt that their under-
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graduate preparation in technology use was inadequate.
It should be noted that the teachers who had not taken

the computer-specific introductory course, Sec Ed 101,
reported a much lower rating for their preparation, than
those respondents who had completed such a course. In
fact, over 85% of the "non-SecEd 101" respondents rated
their preparation in technology as either very inadequate or
inadequate, compared to a 30% figure for the respondents
who had completed SecEd 101 (See Figure 3). This would
seem to indicate that SecEd 101 may have given teacher
preservice students opportunities that they felt helped them
prepare for computer use in their teaching.

Recommendations
The following section of this paper will include recom-

mendations dealing with the preparation of future teachers
to use computer-related technologies in their classrooms.
Teacher education institutions need to be continually
modifying their programs to meet the needs of a rapidly
changing school environment.

Recommendation One:
Colleges of education need to provide, possibly even

require, at least one introductory computer-specific course.
Although most authors emphasized the need to move past
such a course, this research indicated that teachers believe
this type of course is very important.

As indicated by the teachers' responses, the main goal of
this course should be the learning of strategies for integrat-
ing computers into all disciplines. In order to achieve this

C;
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Very Inadequate Adequate More than Outstanding
AdequateInadequate

Figure 2. Respondents' evaluation of their preparation for using
educational computer-related technologies.
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goal, the course should be designed to address as many of
the ISTE/NCATE standards as possible. Personal computer
proficiency (standards 1, 9, II, and 12) should be one
objective of the course. Another goal should be introduc-
tion to using the computer in teaching/learning (standards 2,
3, 4, 5, 6, 7, and 8).

Recommendation Two:
College instructors must model teaching and learning

strategies that include computer-related technologies in all
their courses (Harrington, 1991; Johnson and Harlow, 1993;
Novak and Berger, 1991a; Strudler, 1991). It must be
understood that a computer-specific course, as described
above, is not the extent of technology in a teacher education
program. It is just the beginning, a sort of foundation, for
the preparation of future teachers to use computer-related
technologies effectively in their classrooms. Preservice
teachers need to experience learning while using computer-
related technologies in all courses.
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Conclusion
This study, based on a survey of recent graduates of

Iowa State University who are teachers in Iowa, examined
teachers' computer use and attitude toward computers, as
well as their preservice experiences. The respondents
computer use and their attitude toward computer-related
technology was very similar to many national surveys.
They were somewhat interested in using technology, but
they rate their proficiency low. Although the teachers
indicated that computer-related technologies are important
to K-12 education, they reported they used computers
infrequently. . .

In regards to teacher preservice programs, most of the
teachers believed the computer-specific course was impor-
tant, with many suggesting such a course should be re-
quired. In addition, when asked to rate their teacher
preservice preparation for using computer-related technolo-
gies in their classrooms, many felt they were inadequately

111 Completed SecEd 101

SI Did not complete SecEd 101

Very
Inadequate

Inadequate Adequate

14

More than
Adequate

Outstanding
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Figure 3. Respondents' evaluation of their preparation for using educational computer-related
technologies comparing those who completed SecEd 101 and those who did not complete SecEd

101.
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prepared. These findings seem to indicate teacher
preservice institutions need to carefully examine their
programs. K-12 students deserve teachers who are able to
use computer-related technologies in ways that will
facilitate and encourage learning. With this in mind, all
teacher education graduates need to have had experiences
that will help them develop strategies for using computer-
related technologies in their own classrooms.
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The current round of national reform efforts recommend
a shift from teacher-directed transmission approaches to
instruction towards student-centered conceptual approaches
to teaching and learning which emphasize the social and
cognitive construction of knowledge and the integration of
advanced technology (American Association for the
Advancement of Science, 1989; National Council of
Teachers of Mathematics, 1989; National Science Teachers
Association, 1990). Technology plays a key role in this new
vision. It is commonly believed that microcomputers can be
used to effectively develop student understanding and
individualize instruction (Fuson & Brinko, 1985; Goldman,
Pellegrino & Mertz, 1987; Resnick & Ford, 1981; Suppes &
Morningstar, 1972). Simply installing computers in public
school classrooms and labs, however, will not change
teachers' approaches to instruction. The way teachers
integrate the use of technology into their teaching will be
strongly influenced by their beliefs about the role technol-
ogy can play in their instructional practice.

Over the past decade, researchers have documented the
powerful effect of teachers' personal beliefs on their
teaching practices (Buchman 1988, 1989; Bullough, 1989;
Hollingsworth, 1989; Lortie, 1975; Zeichner, Tabachnick &
Densmore, 1987). Personal perspectives, based on prior life
experiences, have been shown to serve as major pedagogical
driving forces throughout teachers careers. Of particular
importance is the "apprenticeship of observation"the
thousands of hours they spent as pupils in grade school
classrooms (Lortie, 1975). Teachers tend to draw on their
own experiences as learners and often seek to create in their
teaching those conditions that were missing from their own
education (Knowles & Flo lt-Reynolds, 1991).

The majority of the current teaching force, however,
have little experience in learning through technology. They
were educated in classrooms that were relatively "computer
free" and have limited personal experience to draw on in
forming their perspectives on computer-assisted instruction
(CAI). Thus, teachers look to the outside world for help,
often relying on computer vendors to provide direction and
training for the integration of technology into their class-
rooms It is often a technology expert who chooses the
software that is made available for teachers to use with
students and provides training for teachers in the use of the
software. In light of this, it is important to examine the
relationship between teachers' beliefs about effective uses
of CAI (ie. behavioral vs. constructivist) and the types of
software (ie. Tutor, Tool, Tutee) that they use with students.

The present study will address how teachers beliefs
about CAI relate to the types of instructional software they
use, the types of computer related activities they provide for
students, whether they integrate computer usage with other
instructional activities and whether they have received
training in various types of computer usage.

Method
Data sources, including factors derived from surveys

completed by teachers, are described and explained in this
section.
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Data Source
The data presented in this study were collected through a

statewide study which examined teachers' usage of technol-
ogy in their classrooms. A set of questionnaires was mailed
to every public elementary, middle, junior high and high
school in the State. Two teachers per grade level grouping
(K-2, 3-4, 5-6) were surveyed at the elementary level while
three teachers per grade level grouping (7-8, 9-10, 11-12)
were surveyed at the middle, junior high and high school
levels. A total of 2170 usable surveys were returned (63%).

Questionnaire
The survey contained items which focused on teacher

demographics; their beliefs about effectiveness of using
computers in instruction; the amount frequency and type of
CAI teachers engaged in; names, frequency of use, and
subject areas for software they used; and the types of
technology training they received.

Analysis of Teacher Belief Items
The questionnaire contained 18 items that evaluated

teacher beliefs about CM. Teachers rated how effective
they believed computers to be in accomplishing a variety of
goals such as "Introducing students to the subject," "Rein-
forcing each right answer," "Developing higher order
thinking skills" and "Helping students to construct their own
representations of concepts." Items were rated on a 5 point
Likert scale in terms of how effective computers are when
compared with more traditional forms of instruction (much
less effective (1) to much more effective (5)).

The eighteen questionnaire items were entered into a
Principal Component Analysis. The initial decomposition
of the unadjusted correlation matrix extracted three factors
with eigenvalues greater than 1 which accounted for 55.3%
of the total variance in the matrix. Examination of a scree
plot of the factors indicated that only two of the factors were
viable. These two factors were retained and the factc r
matrix was rotated using the varimax method. The two
factor orthogonal solution was theoretically meaningful and
supported our decision to retain only two factors. These two
factors accounted for 49.6% of the total variance in the
matrix.

Two measures were used to examine the correlation
matrix to determine if the data were appropriate for factOr
analysis techniques. Bartlett's test of sphericity was used to
test the hypothesis that the correlation matrix is an identity
matrix. The value of the test statistic for sphericity (Bartlett
Test of Sphericity = 14089.800, p < .001) is large and the
associated significance level is small, so it appears unlikely
that the population correlation matrix is an identity. The
Kaiser-Meyer-Olkin measure of sampling adequacy is an
index for comparing the magnitudes of the observed
correlation coefficients to the n. mitudes of the partial
correlation coefficients. In this analysis, the KMO value
was .92880. Thus, correlations between pairs of variables
can, to a large degree, be explained by the other variables.
Both of these indicators suggest that a factor analysis is an
appropriate technique to apply to these data.

Based on the five highest loading items on each factor,

we developed labels for the factors. We named Factor 1
Student-centered Construction of Knowledge. This factor
included the following identifying items:
Item 17: Helping students to construct their own representa-

tions of concepts (.80001).
Item 16: Allowing students to analyze data, draw inferences

and generate their own problem solutions (.79705).
Item 12: Promoting student creativity (.76510).
Item 14: Providing experiences which enable students to

discover concepts for themselves (.75075).
Item 10: Developing higher order thinking skills (.73913).

We named Factor 2 Computer-centered Transmission of
Knowledge. This factor included the following identifying
items:
Item 18: Providing students with practice in basic skills

(.70999).
Item 7: Making sure students get the right answer (.70089).
Item 13: Providing drill and practice in the content required

by the core curriculum (.68488).
Item 8: Reinforcing each right answer (.68173).
Item 11: Remediating student learning deficits (.57257).

Factor scores for each subject were computed using the
regression method. These factor scores were used as an
indication of how teachers believe computers can be
effectively used in instruction for the subsequent analyses.

Comparative and Correlational Analysis
Teachers were asked to list up to four software packages

they regularly used for instruction with students. These
titles were coded and grouped into seven categories for
analysis:

DP/ILS. Drill and Practicearaditional ILS (Math Blaster,
Reader Rabbit, SRA Math, IBM Math Practice

TEACHER TOOLS. Management Tools (Gradebook
Plus, ICLAS)

KB. Keyboarding (Touchtyping, Typing Tutor)
INT/GAME. Interactive/Games (Carmen San Diego,

Measurement, Time and Money)
TOOLS. Productivity Tools (Wordperfect, MS Word,

Lotus 123)
EXPL Exploratory (Logo, Geometric Supposer, Math

Exploration Toolkit)
PRES/REP. Presentation/Representation (Hypercard,

Linkway)
Individual teachers were assigned to groups based on

whether they listed only software that reflects a traditional
transmission orientation to CAI (DP/ILS, TEACHER
TOOLS and KB), only software that can be used in more
constructivist ways (INT/GAMES, TOOLS, EXPL and
PRES/REP), or a combination of transmission and
constructivist type software.

Analysis of Variance (ANOVA) was used to examine
differences between the three categories (transmission,
constructivist and mixed) on the two factor scores
(constructivist and transmission).

In addition, factor scores were correlated with instruc-
tional activities that teachers use with computers and
whether or not teachers had received training in specific
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instructional computing areas.

Results
The findings presented below analyze the relationship of

teachers' beliefs about CAI to their classroom use of CAI
and the training they have received for using computers in
their classrooms.

Categories of Software Use
The ANOVA for categories of software use groupings

revealed a main effect for the Student-centered
Constructivist factor (F(2. 1564) = 58.03, p < .001, MS, =
.952). Post-hoc analyses using the Scheffe method revealed
significant differences between the Transmission group and
the Mixed group (p < .01), the Mixed group and the
Constructivist gxoup (p < .01), and the Transmission Group
and the Constructivist group (p < .01) (see Table 1 for
adjusted means and standard deviations). These results
indicate that teachers who used more constructivist software
had significantly higher scores on the Student-centered
Constructivist factor than did teachers who used Transmis-
sion software or a mixture of Transmission and
Constructivist software. In addition, teachers who used a
mixture of Transmission and Constructivist software had
significantly higher scores on the Student-centered
Constructivist factor than did teachers who used only
Transmission software.

A main effect was also found for the Computer-centered
Transmission factor (F(2, 1564) = 5.35, p < .01, MS, =
.917). Post-hoc analyses using the Scheffe method revealed
significant differences between the Transmission group and
the Constructivist group (p < .01) and the Mixed group and
the Constructivist group (p < .05). No difference was found
between the Transmission group and the Mixed group (see
Table 1 for adjusted means and standard deviations). These
results indicate that teachers who used more constructivist
software had significantly lower scores on the Computer-
centered Transmission factor than did teachers who used
Transmission software or a mixture of Transmission and
Constructivist software.

Instructional activities
A series of Pearson correlation analyses examined the

relationship between the two factor scores and (1) the types

of computer activities teachers use with their students and
(2) the types of other instructional activities teachers do
along with computer activities in their classrooms. The
matrix of correlation coefficients can be seen in tables 2 and
3.

As table 2 shows, the use of drill and practice software`is
the only variable that correlated significantly with the
Computer-centered Transmission of Knowledge factor (p <
.01). In contrast, The use of drill and practice software
variable had a significant negative correlation with the
Student-centered Construction of Knowledge factor (p <
.01). All of the more elaborated uses of instructional
computers (Word Processing through Graphics and Design
Software) correlated significantly with the Student-centered
Construction of Knowledge factor.

Table 2
Correlation of factor scores with whether
teachers provide specific computer related
activities for their students.

Computer
Activities

Construct-
ivist Factor

Transmiss-
ion Factor

Drill & practice -.0622" .0941
Word processing .0762** .0194
Interactive software .0736" .0224
Data management
(dbase, spreadsht) .0663" -.0241
Exploration tools (simul-
ations, microworlds) .1049" -.0023

Authoring programs .0960" -.0213
Programming Lang. .0558* -.0207
Class presentations .0750" -.0208
Access bulletin boards .0684" -.0240
Testing and assessmt. .1098" .0324
Graphics &
design software .0997" .0160

Note. = p < .05; ** = p < .01

Table 1: Adjusted means table: Factor scores arrayed by software categories.

Factor Type
Constructivist Factor

Software Type
Transmission Mixed Constructivist

Transmission Factor

Transmission Mixed Constructivist

adj X -0.323 0.005 0.366 0.103 0.068 -0.087

SD 1.002 1.003 0.913 0.963 0.912 1.010

453 637 477 453 637 477

Note. Scores represent adjusted mean factor scores. Constructivist Factor F(2, 1564) = 58.03, p < .001, MS, = .952):

Transmission Factor (F(2, 1564) = 5.35,p < .01, MS, = .917)
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Table 3 indicates that Student-directed Small Group
Activities, Hands-on Activities or Experiments, and
Research Projects correlate significantly with the Student-
centered Construction of Knowledge factor while Review or
Remediation correlated significantly with the Computer-
centered Transmission of Knowledge factor, and Home-
work or Seatwork Activities correlated with both factors.

Staff development
Finally, we examined the relationship between the factor

scores and whether or not teachers had received training in
specific instructional computing areas (see table 4). On the
Student-centered Construction of Knowledge factor, a
pattern emerges that somewhat resembles the analysis
presented in Table 2. Receiving training in Drill and
Practice software correlated in a negative direction while
training ia the more elaborated uses all correlated positively.
On the Computer-centered Transmission of Knowledge
factor, receiving training in Drill and Practice Software was
positively correlated, as were training in Word Processing,
Programming Languages, Instructional Presentations,
Testing and Assessment, and graphics and Design Software.

Discussion
These results indicate that teachers' beliefs about how

technology can be effectively used in instruction can be
differentiated into two discrete categories. Some teachers
believe computers are tools that students use in collecting,
analyzing and presenting information, while others believe
that computers are machines that can be used to present
information, give immediate reinforcement and track
student progress. In addition, teachers' beliefs about
effective uses of computers are closely linked with their use
of computers in the classroom. Teachers who used more
open ended, constructivist software with their students
believed that computers can be used more effectively as a
tool for student construction of knowledge while teachers
who used more traditional behaviorist types of software
believed that computers were effective as teaching ma-
chines. However, at this time, it is not clear whether
teachers beliefs about effective uses of computers influ-
enced the purchase of software in their schools, or whether
the software that was pur:hased, and training teachers
received, influenced teachers beliefs about how computers
can be effectively used. In fact, evidence suggests that
teachers frequently play minor roles in the selection of
hardware and software that is used in their schools
(Mergendoller, Stoddart, Horan, Niederhauser. &
Bradshaw, 1992), so how these attitudes develop would
merit further study. The largest group said they used both
types of software and this group was positioned between the
other two groups with respect to the student-centered
constructivist factor but was more closely aligned with the
traditional transmission group on the computer-centered
transmission factor. It would be of interest to monitor this

to see if they move toward the constructivist or
transmission end of the continuum.

Table 3
Correlation of factor scores with whether
teachers integrate computer usage with other
instructional activities.

Computer
Activities

Student-directed

Constructiv-
ivist Factor

Transmis-
sion Ftr.

small group activities .1263** .0280
Homework or
seatwork exercises .0585* .0830**

Review or remediation -.0208 .1500**
Hands-on activities
or experiments .2103** .0190
Research projects .1647** -.0021

Note. * = p < .05; ** = p < .01

Table 4
Correlation of factor scores with whether
teachers received inservice training in specific
areas.

Inservice
Topics

Drill &practice

Construct-
ivist Factor

Transmis-
sion Ftr.

.0473*
Word processing .0455* .0455*
Interactive software .0680** .0270
Data management
(dbase, spreads.) .1090** .0331

Exploration tools (sim-
(ulation. microworld) .1200** .0282
Authoring programs .1917** .0237
Programming lang. .0700** .0484*
Instructional

presentations .0804** .0621**
Accessing
bulletin boards .0786** .0013
Testing and assessment .0795** .1013**
Graphics &
design software .0944** .0693**

Note. * = p < .05; ** = p < .01

There was a correlation between the student construc-
tion factor and more integrated uses of computers with
students. In examining the relationship between teacher
perspectives on CAI and instructional use, we observed that
teachers who believed CAI was most effectively used for
student construction of knowledge were more likely to say
they used computers in ways that go beyond traditional
"teaching machine" uses of computers. These teachers
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provided a wide variety of activities for their students and
were able to integrate computer applications. Ir. is not
surprising that these teachers also received training in these
areas. However, the direction of this relationship is not
clear, i.e., whether training influenced beliefs or whether
their beliefs prompted teachers to seek out training. In
contrast, there was a relationship between the transmission
factor and using the computer for homework or seatwork
and review or remediation. These types of activities are
typically supported by the software typically found in an
ELS.

Teachers' beliefs that computers were most effective for
student construction of knowledge tended to reflect training
in more elaborated uses of technology and they reported a
variety of uses in their ciassrooms. Teachers who had
higher constructivist factor scores had not had extensive
training in the use of drill and practice software and tended
not to use it in their teaching. The relationship between
training and use of technology with students on the student-
centered constructivist factor (tables 2 and 4) is striking.
Once again, further study is needed to determine the
direction of this relationship.

As might be expected there was an association K-tween
teachers' who had higher scores on the computer-centered
transmission factor, the drill and practice computer activities
they chose to use with students, and the training they had
received. It is of interest that although there was a relation-
ship between the transmission factor and receiving training
in using drill and practice software, word processing,
programming languages, instructional presentations, testing
and assessment, and graphics and design software, only the
drill and practice software correlated with activities with
students. The other activities are, however, consistent with
the transmission view of instruction. Computer program-
ming is often taught through traditional transmission
techniques. InstrvAional presentation software can be used
as an electronic blackboard. Word processing and graphics/
design programs can be used for preparing handouts, tests

and other instructional materials, and testing and assessment
programs are often included in ILS programs.

Although correlation values may be viewed as rather
modest, they reveal an interesting pattern of relationships.
The findings of this study indicate that teachers' beliefs
about CAI are associated with their use of technology in
instruction. One interpretation of the staff development data
is that the training teachers receive may have a powerful
influence on their beliefs about how technology can be
effectively used in education.
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Barbara goes to the computer lab once a week with her
sixth grade class. There, she types in her password and the
computer presents her with one math problem after another.
She types in answers to each problem and, if she does well
enough, she is given a new set of problems to do. At the end
of the hour, she returns to her classroom. The computer lab
assistant prints out a progress report for Barbara's teacher
that shows the percent of correct answers Barbara gave. The
teacher sends this printout to Barbara's parents once a
month so that they can see Barbara's progress. At parent
teacher conferences, Barbara's parents praise the teacher for
the wonderful information they have about Barbara's math
work.

Danny's sixth gade classroom has five computers in it.
The students are allowed to work on the computer whenever
they need it to help them in their work. For example, the
students were asked to write a math problem using the five
digits 5, 6, 7, 8, and 9, so that they could create the largest
answer possible. After thinking about this with a friend for
a few moments, Danny and his friend go to a computer and
type in a problem. The computer gives them an answer.
Danny and his friend discuss the result for a moment and
then type a new problem into the computer. After several
such tries, Danny and his friend announce that they believe
they have found a way to use five digits to get the largest
answer possible. Other students in the class discuss their
ways to get large answers. The teacher gives a list of five
different digits and asks the students to write problems that
have small answers and defend their problems. Many
students go to the computers to try out the problems they
have designed. That week, at parent teacher conferences,
several parents complain that they don't see many math
problems coming home with their students. "Are they doing
enough math? Will the students be ready for next year?"
These are common concerns among the parents.

Comparing these two uses of computers in the class-
room and the parent reactions to them poses some important
concerns for both preservice and inservice teachers. Why
do the parents feel that they know a great deal about
Barbara's math work when what they have is a computer
printout of math scores? Why are Danny's parents con-
cerned about how much math he is doing and if he will be
prepared for next year's work? In this paper we will focus
on how existing parental beliefs concerning education
impact their beliefs on the implementation of technology
and innovative mathematics instruction. We have found
that parents clearly view the importance of education in
many different ways. The use of computers in education,
and innovations in mathematics education that develop
conceptual understanding and problem solving skills often
challenge or reinforce these parental views.

Classroom uses of computers has increased extensively
in the past two decades and varies from information
delivery, drill and practice exercises, to an environment of
problem solving for students (Papert, 1992). This extensive
investment of resources, however, has not resulted in
significant changes in instructional practices in the public
schools. Parents desire that computers be a part of their
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children's education and believe that computers can
enhance achievement scores (Visser, 1987). When comput-
ers are used in innovative ways, parents resist the nature of
the instruction (Cobb, Yackel, Wood, Nicholls, Wheat ly,
Trigetti, & Perlwitz, 1991), preferring standard didactic
practice. The support or resistance of innovative instmc-
tional practices by parents may influence their effectiveness.

Parent Perceptions of Education
Although educators have long recognized the impor-

tance of understanding cultural and family influences on
students, previous research has focused upon the effects
socioeconomic status and ethnicity has had upon limited
outcome measures of education test scores. This study
breaks with tradition by directly investigating parent beliefs
concerning the purposes of education, the roles of education
in the lives of their students, and how these perceptions
influenced parental reactions to the implementation of
mathematics and computer instruction.

The National PTA (1990), in a packet for parents
entitled "Math Matters", defines several reasons for
teaching mathematics: (a) learning about our everyday
world, (b) job training as a key to the future, (c) being the
best one can be, (d) gaining skills, and (e) gaining problem
solving skills. These perceptions of the goals of mathemat-
ics education may or may not be held by most parents. In
order to identify a variety of goals and purposes of educa-
tion that parents perceive as important, informal records as a
participant-observer and formal interviews were used.
Constructs were identified and developed into a survey that
was modified following a pilot study (Wentworth &
Connell, in press). Seven purpose-of-education variables
(a) improve a student's chance for a good job, (b) expose
students to the world around them, (c) help students reach
full potential, (d) teach responsibility, (e) expose students to
a cultural background, (f) teach skills, (g) prepare students
to be problem solvers in each of four areas of education:
general education, the role of the teacher in education,
mathematics education, and the role of the computer in
education for a total of 28 variables.

Subjects
Five elementary schools in a large mid-western city

were selected based upon the nature of their technology
initiatives (i.e., ranging from a traditional integrated learning
system (11,S) to a constructivist motivated approach) and
their performance upon standard assessment measures (the
schools roughly fell out a quintile apart, thus reflecting a
broad range of measured abilities). Three thousand students
took home surveys and about 1000 were returned. The
average age of those returning surveys was 35, with 80% of
the respondents female, 77% Caucasian, 1% African
American, 8% Hispanic, 3% Hispanic, 3% Native Ameri-
can, 1% Pacific Islander, and 3% Asian (6% did not respond
to this item).

At the time this survey was conducted, several of the
participating schools were writing grants applying for
computer equipment and training as part of the state

Education Technology Initiative (Ell). As computer
technology and implementations were in the forefront of
parents' thinking as they worked with school leaders to
prepare ETT proposals. The impact this may have had on the
survey and its interpretation must be realized. For this
population, the questions relating to computer use had
already been the subject of much thought and reflection. It
is likely that their responses more accurately reflect their
true beliefs on these issueS than a "cold" administration of
the instrument would have achieved.

Factor Analysis Results
In order to interpret the survey variables measuring

parent perceptions of education, we used a multivariate
factor analysis, first with all the schools and then for each of
the five schools. Factor interpretations were based upon
how the variables loaded on the factor under consideration.
Factors with loadings of .4 or higher weie considered to
have salient loadings in this study. This is a very conserva-
tive choice for the total population of approximately 1,000
participants, as it is within normal consideration for studies
of approximately 175 where .3 is often the criterion
(Gorsuch, 1983). A similar analysis was done for each of
the five schools in the study after the factors for the total
population were interpreted and named.

In the principal component factor analysis for the total
population, six factors had Eigenvalues greater than 1 and
were retained for further analysis. Using the variable
loadings, the six factors were identified as follows: (a) job,
(b) responsibility-potential, (c) world, (d) problem solving,
(e) computer, and (f) teacher. The factors tended to fall on a
continuum of explicit to implicit roles of education. The
explicit learning included skills, facts, training, things
external to an individual's character and easily measured
like the job factor. Implicit learning was more personal,
internal, not easily measured, such as learning responsibil-
ity, developing potential like the responsibility-potential
factor. One potential significance of this finding could be
that the parental perception of the roles of education
includes the belief that personal and internal learning
enhances skills and job training education.

Each school had a slightly different arrangement of
these factors on the continuum of educational roles (Connell
& Wentworth, 1993). In this paper, the results of the survey
from two of the five schools will be discussed. School B
and School D had very different computer implementations
and so they will provide an interesting comparison of parent
reactions and belief about computer technology and
innovative mathematics instruction.

School B
School B was selected because the students' SAT

Scores were approximately one standard deviation above
the norm, and because of its computer lab, which is much
like the ILS lab Barbara used to practice problems as part of
the mathematics instruction. It had a middle to upper-class
socioeconomic population. The average age of the 207
participants returning surveys was 37, and 77% were
female. Seventy-eight percent were Caucasian, 5% African
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American, 5% Hispanic, 2% Native American, 5% Asian.
School B had been awarded an ETI grant one year prior to
the time of this survey. Classes were scheduled with lab
times during which students worked in CAI programs
designed for their predetermined needs. Reports of progress
were printed weekly, or upon teacher requests. Teachers
could call up the progress reports and change the sequenc-
ing of any students work when desired. One computer lab
aide had been hired to operate the lab and produce reports
when requested.

School D
School D was selected for this study because its students

had SAT scores one standard deviation below the norm and
because of its plan for an innovative math program that
would include technology. The population of this school
was unique in the district because 30% of the students were
non-English speaking students. Many of the non-Caucasian
students were Asian, and many of the Caucasian families
were immigrants from Eastern Europe. Only 117 surveys
were returned and the average age of the parents participat-
ing was 33, 79% were female, 65% were Caucasian, 1%
African American, 14% Hispanic, 3.5% Native American,
2.5% Pacific Islander, and 10% Asian. School D, the state
university and a local computer business wrote the ETI
grant for this school in a cooperative effort. The specific
proposal included computers as part of the restructuring of
math instruction. This restructuring required the inservicing
of teachers in the constructivist theory and methodology,
much like Danny's class. The grant was awarded and a lab
of 18 computers was established. Most classrooms were
also equipped with five additional computers that were
networked with the lab. In addition to the inservicing of
teachers in the constructivist approach to math education by
faculty and graduate students from the university, teachers
were instructed by the computer company in classroom
management and CAI software.

The factor definitions for schools B and D are listed in
Table I. The responsibility and problem solving factors had
the most diversity. At school B the responsibility variables
were loaded on a technical factor that included some skill
and job variables of computer and mathematics. School D
had a responsibility-problem solving factor rather than one
responsibility factor and one problem solving factor.

The factor analysis performed for the school indicates
that the parents had a view of education that emphasizes

explicit, technical and skill learning over implicit, personal,
responsibility learning, especially compared to schools with
similar populations. During the year before the survey was
given to the parents, computers at School B had been used
in a drill and practice lab to reinforce mathematics as well as
other skills, much like Barbara's school. Mathematics was
taught in a traditional instructional method and computers
were used to reinforce skills, not develop problem solving
abilities in students. Students were not asked to construct an
understanding of the mathematics as they worked on the
computers, they were just asked to type in answers that the
computer scored.

At school D, where there was a mix of ethnic back-
grounds, parents also had a very technical view of educa-
tion. Two technical factors were defined at this school, a
general job factor and a computer factor linked to math
skills. The reaction of parents at school D to the
constructivist mathematics and problem solving implemen-
tation of computers challenged these technical perceptions.
Comments at parent-teacher conferences reflected the
concern of parents that their child was not going to "know
what he will need to know when he gets to junior high." The
view that mathematics is a set of skills and that students are
to practice those skills was challenged when students were
asked to think about a problem and explain to the teacher
what they were going to do to solve it, and then program the
computer to perform the computations. Parents felt that their
students would miss important skill training. Additional
concerns included the "newness" of the instructional
method. Parents would comment that "this was not the way
I learned math."

Importance to Teacher Education
We draw two important conclusions from this study of

parent perceptions of education. First, the factors defined
from the total population show that parents perceive
education as both implicit and explicit. Second, teachers
need to be aware that many parents will not understand
innovative mathematics instruction and technology in the
classroom when parents view education from a more
explicit, technical framework.

As innovative mathematics instruction and the imple-
mentation of computers at school D shifted toward problem
solving, parental perception of the technical, skill-training
role of education was challenged. The innovative math-

Table 1
Factors Definitions

Factor 1
School B Computer

School D Responsibility
Problem Solving

Factor 2
Job

Computer

_Factor 3 Factor 4
Technical- World
Responsibility

Culture Job
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ematics program at School D failed to meet existing parent
beliefs about the importance of explicit learning. Regardless
of its merit, it was not recognized as worthwhile. Con-
versely, the ILS program at school B mapped closely to
existing parent beliefs and was rated unreasonably high
regardless of its lack of educational power. Educators
should be aware of these concerns and inform parents about
the nature of the innovations, emphasizing the strengths and
importance of students constructing rn, anir_gs to algorithms.

Teachers need to include parents i - the understanding of
innovative mathematics instruction. ' 'arents can learn the
importance of the internal and personal roles education
plays in the development of their students. Learning goes
beyond drill and practice of skills solely for the purpose of
job training. Teachers using computers to enhance innova-
tive mathematics instruction can inform parents about the
problem solving thinking being done in the classroom.
Danny and his friend created the problems and used the
computer to calculate answers. Then they evaluated what
they had learned and created new problems that required
another calculation. Through this activity of problem
solving, Danny and his friend interacted with each other,
reasoned about number relationships, and communicated
their mathematical thinking with each other and the class.

As teachers involve parents in understanding these
varied roles, learning may become more internalized. A
valuable by-product of this internalization of educational
roles may be the concurrent increase of standardized test
scores. It should be emphasized that the importance of
internalizing learning and stressing implicit roles of
education is only a possible factor in increasing test scores.
As parents and educators alike stress the implicit side of
education, the importance of using standardized test scores
to evaluate the success of education may be lessened.
Further research on parental perceptions of education could
focus on the impact belief systems have on the emphasis
parents place on standardized test scores.

Further study of the factor patterns of these variables
could indicate parental perceptions of relationships between
education and teacher variables, teacher and mathematics,
and mathematics and computer variables, between educa-
tion and mathematics, education and the computer, and
between teacher and computer variables. Svong relation-
ships between teachers and computers would support the
didactic, explicit views of education and indicate the need to
educate parents about constructivist methodology to insure
some acceptance of computer and mathematics innovations.
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Prospective Teachers' Use
and

Perception of the Value of
Technology

Shwu-yong L. Huang
University of Houston

In the pursuit of educational excellence, the quality of
teacher education has become one of the major issues. How
to adequately prepare prospective teachers to meet the
challenge of the profession has gained great attention,
particularly in a changing society where the information
explosion and technological advancement have made the
profession tremendously demanding. To deal with the
challenge many educators have advocated the integration of
educational technology into teacher training. The need for
educational technology is based on the concept of providing
a variety of materials, equipment, and instructional modes to
enhance the teaching and learning process.

Educators seem to assert that educational technology has
enormous potential to improve education practice. The
Office of Technology Assessment (1988) has published an
assessment of the integration of new technology into
classrooms Its report includes a description of the pre-
service requirements for new technology in each of the
states. A great number of researchers have studied the
implementation of technology in teacher education. The
challenge that new technology such as interactive video,
computers, and so forth presents to teacher training and the
program that aims at enhancing teacher preparation in
technology has well been documented (American Associa-
tion of Colleges for Teachers, 1987; Association for
Educational Communication and Technology, 1981;
Bosworth & Welsh, 1993; Byrilm & Cashman, 1993;
Reyes. Torp, & Voelker, 1993; Robinson, 1993; Woodrow,
1993). Other researchers of technology and teacher
education have focused on teachers' attitudes and character-
istics (Day & Scholl, 1987; Huang, Copley, Williams, &
Waxman, 1992; Liao, 1993). These studies cited improved
instruction, effectiveness, and time saving as the rationale
for engaging in educational technology activities. What has
rarely been explored is the relationship between prospective
teachers' use and perception of the value of educational
technology. Similaily, some student teacher characteristics
like gender, age, grade-level taught, subject area, media and
computer facilities at home, faculty influence, and previous
teaching experience have not been specifically investigated
in terms of their relationship to prospective teachers' use or
perception of technology. This study explored these
relationships. More specifically, this study addressed three
research questions:
1 What are student teachers' utilization and perception of

the value of educational technology?
2 Is there consistency or discrepancy in prospective

teachers' perception of the value and actual use of
educational technology?

3 How do teacher characteristics relate to utilization and
value perception of technology?

Methods
The subjects consisted of student teachers enrolled at

three universities located in the Central south. A total of
287 student teachers were administered surveys. Of the 158
responses usable for the present study, 131 (83%) were
female and 27 (17%) were male. Their ages ranged from 21
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Table 1
Student Teachers' Characteristic Profile

Variable

Gender

Variable

Grade Level

Male 27 17.1 Unspecified 2

Female 131 82.9 Elementary S. 97 62.2
Junior High S. 9 5.8

Age Secondary S. 9 5.8
Senior High S. 41 26.3

Unspecified 2
21-25 51 32.7 Race
26-30 30 19.2
31-35 31 19.9 unspecified 1

36-40 24 15.4 White 140 89.2
41-52 20 12.8 Black 7 4.5

Hispanic 9 5.7
Subject Asian 1 0.6

Unspecified 2 Technology Facilities at Home
All Subjects 89 57.1
Reading/Language 26 16.7 Unspecified 2

Mathematics 5 3.2 Yes 129 82.7
Science/computer 10 6.4 No 27 17.3
Biology/Life sc.. 4 2.6
Social science 18 11.5
Economic/business 2 1.3 Previous teaching experience
Special Education. 1 0.6
Health/PE. 1 0.6 Unspecified 2

Yes 70 44.9
No 86 55.1

Previous media or computer experience
Faculty Influence

Unspecified 8
Yes 67 44.7 Positive 115 72.8
No 83 55.3 Neutral 41 25.9

Negative 2 1.3

to 52 with a mean of 31. A great majority of them (89%)
were white. About 62% of them taught in elementary
schools and 27% taught in high schools. Over 55% of them
taught all subjects. Table 1.presents these teachers' charac-
teristic profile.

The measuring instrument is the Educational Technol-
ogy Use Questionnaire (ETUQ). The ETUQ lists the 10

most-often identified technology activities associated with
the teaching profession. Student teachers indicated their
value estimation of each technology activity on a five-point
Likert-type scale and indicated the frequency of their
participation in each activity during the semester. The alpha
reliability coefficient is .86 for their value perception and
.68 for their participation. The survey questionnaire appears
to cover relevant content. Student teachers' responses on
these activities are considered realistic measure of their

educational technology involvement. The ETUQ was
administered to the subjects toward the end of their student
teaching semester. Two weeks later, a ollow-up letter and a
survey questionnaire were mailed to the subjects whose
responses had not been received. The responding rate was
nearly 60%.

Descriptive statistics were used to provide means,
standard deviations, and ranks of the ten technology
activities. Student teachers were then divided into three
groups according to their perceptions of the value of
educational technology. Student teachers with a total
perception value below 38 were in the low-perception
group, those with a total perception value between 38 and
44 were in the median-perception group, and those with a
total perception value above 44 were in the high-perception
group. An analysis of variance (ANOVA) was used to
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compare the frequency ot technology use among the three
groups of student teachers. Multiple regression was
employed to determine whether there were significant
effects of these prospective teachers' characteristic variables
on their perceptions of the value and actual use of educa-
tional technology.

Results
Table 2 reports descriptive statistic results. The results

revealed that, in general, student teachers perceived the
value of educational technology very highly. They per-
ceived each educational technology activity with a mean
value of 3.56 or greater with an overall mean value of 3.93
(on a five-point scale) . Among the ten activities, the most
highly valued activity was learning to operate audio-visual
machines, followed closely by using media for classroom
presentation. The least valued activity was using closed

circuit TV or a camcorder for taping and diagnosing student
learning in the field. Student teachers' actual utilization of
educational technology was relatively low as compared to
their value perceptions. The average number of times they
engaged in each type of technology activity ranged from .59
to 3.32 with a mean of 1.89 during their student teaching
semester. They used media for classroom presentation most
frequently, but seldom used closed circuit TV or a
camcorder for taping and diagnosing student learning. Rank
orders reveal some discrepancies between student teachers'
use and perceptions of the value of educational technology.
For example, learning to operate audio-visual machines was
ranked first in their value perception but ranked third in their
actual use. Likewise, the rank orders of using computer
facilities to add instruction and to locate library materials
were both off by two ranks. The standard deviations for use
were generally larger than for value perception, suggesting

Table 2
Means, Standard Deviations, and Ranks of Student Teachers' Use and Perception of the Value of
Educational Technology Activities

Technology activities

Using computer facilities to add

Value Perception
M SD Rank

Use
SD Rank

instruction 3.95 1.29 4 1.84 2.07 6

Using computer terminals to locate
library materials 3.82 1.51 6 2.16 2.21 4

Using media for self-instruction 4.02 1.21 3 2.37 2.09 2

Using media for group study 3.59 1.30 9 1.38 1.85 8

Using media for classroom presentation 4.42 .97 2 3.32 1.84 1

Learning to operate audio-visual machines 4.46 .99 1 2.35 1.90 3

Using audiovisual equipment for taping
and evaluating teaching demonstration 3.75 1.32 8 1.25 1.30 9

Using a closed circuit TV or camcorder
for taping and diagnosing student learning
in the field 3.56 1.32 10 0.59 1.06 10

Developing audio-visual aids 3.91 1.24 5 1.96 2.06 5

Purchasing educational technology
products and services 3.78 1.33 7 1.70 2.05 7
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Table 3
Means, Standard Deviations, and F value of the three groups of student teachers' frequencies in
technology use

Group Low Median High

n 53 53 52

M 11.56 16.60 19.18 15.50***

SD 5.71 7.26 8.27

***p<001.
Note. The underline that connects the two means indicates there was no significant
difference between the two means.

that there was a greater variance in use than in perception of
the value iucational technology among student teachers.

ANOVA results indicated that there was a significant
difference among the three groups of student teachers
(F=15.50, df=2/155, p<.001). Further analysis using post
hoc multiple comparison indicated that student teachers
with high and medium perceptions of the value of educa-

tional technology actually used technology more frequently
than student teachers with low perception. Table 3 presents
the means, standard deviations, and F value of the three
groups.

The Pearson correlation result confirms the positive
relationship between student teachers' participation in and
their perception of the value of educational technology

Table 4
The Beta Weight, Probability, and Tolerance Values of Student Teachers' Characteristics on Their Use
and Perception of the Value of Educational Technology

Characteristic
Variables Beta

Value
Probability. Beta

Use
Probability Tolerance

Gender .35 .0001*** 17 .0390* .74

Age -.21 .0086** -.11 .1486 .91

Race -.07 .3615 .05 .4816 .95

Grade level .03 .7094 -.08 .3422 .80

Subject taught -.07 .3631 .02 .7584 .95

Previous teaching
experiences .03 .7027 -.01 .8835 .85

Previous media or
computer experience -.13 .1034 -.04 .6045 .97

Technology facilities
at home -.02 .8371 -.12 .1143 .92

Faculty influence .18 .0236* .43 .0001*** .89

*p<.05. **p<.01. ***p<.001.
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activities. The correlation coefficient (r=.41) indicates there
was a moderate and significant correlation between these
two variables.

The multiple regression results revealed that student
teachers' characteristic variables have an overall significant
effect on their technology use (F=6.80, p.001) and
perception of the value of educational technology (F=4.87,
p<.001). Characteristic variables explained about 32% of
the variance in student teachers' use and 25% of the
variance in their perception of the value of educational
technology Student teachers' utilization of technology was
significantly correlated with gender and faculty influence
(positively). Student teachers' perception of the value of
technology were correlated not only with gender and faculty
influence (positively) but also with age (negatively). The
tolerance values for the nine characteristic variables were
rather high (all above .70), suggesting that there was little
multi-collinearity among these characteristic variables.
Table 4 presents the beta weight, probability, and tolerance
values of each characteristic variable on student teachers'
use and value perception of educational technology.

Discussion
The results of this study indicate that preservice teachers

have high perceptions of the value for technology and that
value perception played an important role in student
teachers actual use of technology. The greater the student
teachers valued educational technology, the more frequently
they used educational technology. Nonetheless, the results
also revealed that technology activities are relatively under-
utilized as compared to the value perceived by student
teachers. In addition, there is a gap between value percep-
tion and utilization as shown in the rank orders of these
technology activities. For example, computer aided
instruction was ranked fourth in value perception but ranked
sixth in actual use. Learning to operate audiovisual
machines was ranked first in value but ranked third in actual
use. Student teachers tended to utilize technologies which
were not technically complex or did not require elaborate
preparation. This discrepancy raises some concerns. It
implies more training and preparation in technology may be
needed to help these prospective teachers become more
competent and comfortable at integrating technology into

teaching and learning processes.
The results also suggest that several characteristics such

as gender and faculty influence were related to use and
perception of technology. In general, female student
teachers perceived a higher value for technology and used
technology more frequently than male student teachers.
One possible explanation of this gender-related difference is

that most female student teachers taught at lower grade
levels and thus tended to engage in more educational
technology activities. Correlational findings reveal that
grade-level taught was negatively related with technology
use. The higher the grade level, the less technology is used.
Thus, whatever relationship grade level has with technology
use is redundant in the preclusion of the gender variable.

The present study further reveals that student teachers

who had more positive faculty influence also demonstrated
higher value perception and greater use of educational
technology than those who did not. Teacher influence has
been well documented (Cuban, 1984; Kavina & Pedras,
1986). In the teacher education domain, faculty members
serve as role models. Their use of and attitudes toward
educational technology has significant impact on student
teachers' implementation of education technology. Faculty
members generally took a positive attitude toward educa-
tional technology, but utilized technology only some of the
time. They viewed high-tech media as valuable, but in
practice they favored traditional types of instructional
materials. Similar discrepancies exist between student
teachers' use and value perception of educational technol-
ogy. Because college of education professors usually have
influence on prospective teachers' perception and behavior,
colleges of education should provide special programs or
workshops to facilitate faculty utilization in this domain .
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Are Your Students Like
Mine? Preservice
Students' Entering
Technology Skills.

Caryl J. Sheffield
California University of Pennsylvania

L.

There is no question that the number of microcomputers
in K-12 schools has increased over the years. In 1981, it
was reported that there were 15,000 schools with computers.
That number had grown to about 77,000 by 1988. The
number of elementary and secondary schools that has at
least one computer has increased from 18% in 1981 to 95%
in 1988. As of the late 1980s, there were between 1.2 and
1.7 million computers in U.S. public schools, which
translates into an average of 1 computer for every 30
children (OTA. 1988).

With more and more students in K-12 schools having
access to compt.ters, it might be expected that high school
graduates, particularly those who go on to higher education,
have some degree of computer literacy skills. Recent
research suggests, however, that most college students have
not had much experience with a personal computer prior to
entering the university. A 1991 survey conducted at the
University of Massachusetts at Amherst found that slightly
more than half (50.9%) of the students had used a personal
computer "very little" or "not at all" before coming to the
university, 31.6% had used a PC "somewhat," and 17.6%
had used a PC "a great deal" (McAulay, 1993). Similar
results have been found by researchers examining computer
literacy trends in preservice teacher education, where most
students are female. Cardinale's (1992) findings suggest
that the majority of female preservice teachers lack exten-
sive prior experience with computing; the experience they
do have is limited to word processing, data bases, and
games.

This paper examines the technology skills of preservice
teachers at a small regional public university. The major
motivation for the study was the apparent discrepancy
between access to computer technology in high school and
the actual skills of the students as demonstrated at the
beginning of an introductory educational computing course.
In general, students exhibited a lack of familiarity of both
computer hardware and software. Anecdotal evidence,
however, is an inadequate source of information for making
important curriculum-related decisions. Thus, it was
decided to collect, over several semesters, quantitative
information about the nature of students' computer literacy
skills. This information could also be used as a needs
assessment for the design of educational technology
courses.

After an overview of the demographics of the university
and a brief description of the College of Education, the data
collection process is described. The data analysis is then
presented followed by a discussion of the implications of the
findings in relation to the ongoing refinement of the teacher
education curriculum.

Institutional Description
The university where the study was conducted is a mall

public institution serving a regional population. There are
approximately 6,000 students enrolled in undergraduate and
graduate programs. In 1991, the mean SAT score was 850,
7% of the students were from the top 10% of their high
school class, 59% of the students were from the top half of
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their high school class, and 50% of the students graduate in
5 years (U.S. News and World Report, 1992).

The College of Education is the second largest in the
university in terms of student enrollment (the largest is
science and technology). There are currently about 1,900
students enrolled in programs in the college. Students can
choose one of eight majors leading to certification. The
College of Education has recognized the importance of
computer technology in the undergraduate curriculum. All
undergraduate majors are required to complete an introduc-
tory educational computing course. In the course, students
study computer operations, common productivity tools
(word processing, data base, and spreadsheet), and instruc-
tional software. The College maintains a Macintosh
computer lab as a resource for the course.

Recent discussions with colleagues reflect a desire
revise the teacher education curriculum, moving away from
such widely used applications as word processing toward
advanced computer-based multimedia applications, e.g.
CD-ROM and laser disk technology. Such a change would
require basic computer literacy as a prerequisite to an
advanced educational technology course.

Data Collection
Data for the study were collected from students enrolled

in the introductory educational computing course during 7
semesters from the fall of 1991 to fall of 1993. Students
were asked to complete a questionnaire at the second class
meeting of the semester. The questionnaire required that
students evaluate themselves using a Likerttype scale on
seven areas pertaining to computer literacy: hardware,
orerating system software, Macintosh equipment, word
processing software, data base software, spreadsheet
software, and the use of a mouse. The scale ranged from 1

= no experience, to 3 = basic familiarity, to 5 = expert.
The numbers of respondents by semester are indicated in

Table 1. The gender composition of the sample remained
fairly constant across semesters, averaging about 29% male
and 71% female. The sample consisted primarily of juniors
(approximately 48%), followed by seniors (approximately
26%). Given this distribution of upperclassmen, it might be
expected that most students would have had an opportunity
to develop some computer literacy skills before enrolling in

the course.

Data Analysis
Preliminary analysis of thc data revealed that there was

little variation in response patterns across semesters for any

of the seven literacy areas (hardware, operating system
software, Macintosh equipment, word processing software,

data base software, spreadsheet software, and use of a

mouse). Thus, the data per semester for each literacy area

were combined to facilitate presentation of the findings.
The results reveal that most preservice students have

little awareness of the seven computer literacy areas. In the

areas of hardware, operating system software, Macintosh
equipment, data base software, and spreadsheet software,

over 70% of the students indicated less than basic familiar-

Table 1
Students Completing Computer Literacy
Survey by Semester

Semester Number of Respondents
Fall 91 95
Spring 92 99
Summer 92 28
Fall 92 96
Spring 93 100
Summer 93 29
Fall 93 77
Total 527

ity with the topics. More students are familiar with word
processing and the mouse; a little over 60% indicated less
than basic familiarity. The complete distributions of
responses for the seven computer literacy areas are pre-
sented in Figures 1 to 7.

Figure I depicts the results for hardware. Approxi-
mately 73% of the students indicated less than basic
familiarity with computer hardware; approximately 27%
indicated at least basic familiarity.

The numbers are comparable for operating system
software, as shown in Figure 2: approximately 72% had
less than basic familiarity; approximately 28% had at least
basic familiarity.

As shown in Figure 3, approximately 23% of the
students had at least basic familiarity with Macintosh
equipment while approximately 77% had less than basic
familiarity. Consistent with the finding that most schools
still use Apple II equipment, this is gradually changing as
more DOS-based and Macintosh machines are being
purchased.

As Figure 4 depicts, students are more familiar with
word processing than other types of software. Approxi-
mately 61% have less than basic familiarity and approxi-
mately 39% have at least basic familiarity with word
processing software. These numbers may reflect the
availability of word processing resources on campus. A
writing center as well as an instructional computing center
provide facilities for students to use a word processor for
writing assignments that are required for other courses.

In contrast to the higher level of competency with word
processing software, figures 5 and 6 show that few students
are familiar with data base and spreadsheet software.
Approximately 83% of the students indicated less than basic
familiarity with data base software and approximately 17%
indicated at least basic fimiliarity. The numbers for
spreadsheet software are 85% and 15%, respectively.

Finally, as shown in Figure 7, approximately 63% of the
students indicated less than basic familiarity with a mouse,
and approximately 37% indicated at least basic familiarity
It is difficult to explain how so many students are familiar
with a mouse if consideration is given to factors reported
earlier: only 23% use a Macintosh and most K-12 schools
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still use Apple II hardware. The discrepancy may he due to

a misunderstanding of the definition of a mouse and the

related confusion of other input device: '4uch as a joystick or

game paddle.

Discussion
The preponderance of computers in K-I2 schools has

placed substantial pressure on teachers at all levels to

enhance their computer literacy skills. The pressure has

trickled down to teacher education programs, and they are

slowly responding. Using state departments of education

regulations as a barometer, the Office of Technology

Assessment (OTA) reports that in 1988, half of the states

neither required or recommended technology preparation

for preservice teachers. Seven states recommend that some

preservice training he taken. Eighteen states and the District

of Columbia require that all students in certification

programs develop competencies in computer technology

(OTA Report).
The results of this research indicate that preservice

teachers enrolled in their first educational computing course

have little skill in computer literacy areas, even though the

majority are juniors and seniors. This is consistent with a

study conducted at the State University of New York at

Buffalo, where it was reported that over 50% of 324

preservice teachers never used a computer during their

college experience (Beaver, 1990).
There is speculation that as access to computers in K-12

schools increases, more students will be entering the

university with computer literacy skill. The results of this

study does not bear this out. Figure 8 shows the change in

word processing skills of students from the fall semesters of

1991, 1992, and 1993. There is a negligible difference in
student competence in all ranges over the three semesters.

There is also speculatic:n that soon students in elemen-

tary, , middle, and high schools will know more about

computers than their teachers. This may be true already, as

Brosnan (1990) concluded that although computers are in

the schools, most teachers aren't comfortable using them.

Given the rapid growth in access of computer technology in

the schools, the knowledge gap between teachers and

students may in fact continuelo widen. Preservice teacher

training programs must prepare the next generation of

teachers for the technology they will face in the schools.

Conclusion
It is clear that preservice students have little knowledge

about educational technology when they enter the teacher

education programs. When they enter the teaching profes-

sion, they may be expected to know at least as much about

technology as their students, or risk losing their credibility.

The top ten computer skills needed by new teachers,

accordinp to a recent survey (Hurteau, 1990), are listed in

Table 2.

Table 2
Rankings of Computer Skills Needed by new
Teachers

Rank Topic
1 Word Processing
2 Computer in Curriculum
3 Introduction to Computers

4 Subject Area Training
5 Teacher Utilities
6 Database Management
7 Desktop Publishing
8 Graphics
9 Spreadsheets
10 Minor Hardware Maintenance

Teacher education programs face many challenges in

preparing their students to meet these expectations within

the constraints of the present curriculum. Technology is

changing rapidly, and although prices are decreasing, the

cost of technology is still demanding on university budgets.
Proposed changes in accreditation guidelines require

resources, equipment, and staff development. Faculty
development is critical; faculty can't teach what they don't

know.
Creative and systematic strategies involving the whole

university, not just the college of education, may lead to
institutional strategies for solving this problem. For

example, an undergraduate computer literacy competency as

a general education requirement would free the teacher
education program (and other disciplines as well) from

having to focus on basic computer literacy, enabling them to

concentrate on advanced educational computing.
If the role of teacher education programs is to produce

teachers who are able to use the new computer technologies,

we must take our preservice students from where they are
when we get them and advance them to where the techno-

logical society needs them to be.
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Teachers and Technology:
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Mississippi State University

John F. Perry
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Teacher education is being scrutinized by leaders in
education from national, state, and university levels as well
as by members of the United States Congress. Researchers
arc wrestling with the question of how to develop the
optimum structure of higher education, as well as teacher
preparation programs, to address current issues and con-
cerns (Johnson & Marcus, 1987; Fulton, 1993). Higher
education administrators are challenged increasingly to offer
higher quality performance as well as to increase the
efficiency and effectiveness of the organizational processes.

Education reform has been debated heavily for more
than a decade. A Nation at Risk (1983) spawned the
multitude of current reports and reform efforts from private
and public commissions. A common thread running
through the reports of the 80s was that mediocre education
presented a threat to the nation's global preeminence
(Ascher, 1984). Restructuring ideas and piecemeal concepts
have surfaced frequently and many have been tried.
American education systems jump individually, and often
with insufficient thought, into implementing new solutions
to problems. Too little time, thought, and energy are spent
on developing policy and planning needs to implement
actions.

The teacher education majors beginning college in the
fall of 1994 will spend most of their teaching careers in the
21st century. The implication from the research is that
schools of the 21st century will be very different from the
schools of today (Harrison, 1987). Change is necessary,
therefore, in teacher preparation programs. Teachers must
be prepared to address the needs of students and to prepare
students for challenges they will face in our rapidly chang-
ing technological world.

Many professionals interested in education recognize the
need for the integration of information technologies in all
areas of education. These same professionals would agree
that, although great strides have been made during the past
decade in the use of technologies in the classroom, there is
still a need for considerable planning and effort if advance-
. -ent will occur for the teachers of the 21st century (Glenn
& Carrier, 1989). Most educators agree that the use of
technology in the working world will only grow. Handler
(1993) reports that only 29% of preservice teachers feel
prepared to teach using computers. Criswell found that
first-year teachers simply are not confident in using varied
technologies in their classrooms (cited by Handler, 1993).
Several questions arise:

Are teacher education programs in the United States
preparing teachers to use technology in their class-
rooms?

Are faculty members using technology for instructional
purposes? In other words, are teacher education faculty
teaching with technology or teaching about technology?

Are preservice teachers encouraged to teach with the aid
of a computer in their field experiences or student
teaching experiences?

Assuming that teacher education is reformed appropri-
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ately, what is our mission for ensuring that administra-
tors will recognize and support technology-using
teachers?

Answers to these questions are critical if technology is
to play a significant role in education. Scholarship, both
quantative and qualitative, that addresses these questions is
sorely needed today and should be a major component of
the research agenda for information technology and teacher
education for the foreseeable future.
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Prospective Teacher's
Altitudes Toward

Computers

Marcin Paprzycki
University of Texas of the Permian

Basin

Draga Vidakovic
Duke University

A wide variety of technologies is currently used in
educational settings (Mitchell & Paprzycki 1993, Paprzycki
& Mitchell, 1991, Vidakovic & Paprzycki, 1993). How-
ever, within the last couple of years, most of these technolo-
gies are being used (and enriched) in a computer-based
environment. It is obvious that it will be teachers (present
and future) who will play a decisive role in how successful
the technology will be in education. At the same time, there
seems to linger a widespread belief that teachers are more
hesitant and less likely to embrace computer technology
than other professionals.

We have decided to investigate the validity of this belief
on a population of prospective teachers and examine
students' attitudes toward computers in relationship to
gender, age and academic major. We developed a survey to
examine the level of computer anxiety. The aim of this
paper is to present the preliminary results of our study.

Methodology
To obtain measures of students' attitudes toward

computers, we used a simple and widely used self-report
survey with questions written in a Liken scale format
(Grounlund, 1981). A list of favorable or unfavorable
attitude statements was presented and students were asked
to respond to each statement on a five-point scale: strongly
agree, agree, undecided, disagree, and strongly disagree (see
Appendix 1 for the complete survey). The seoring of a
Likert-type scale was based on assigning weights from 1 to
5 for each position on the scale (the weights for unfavorable
questions were reversed).

Questions were combined into four groups representing
particular areas of interest. Questions 1, 2, 4, 6, 7, 8, 9, 16
and 21 characterize the individuals' current feeling about
computers. Questions 3, 5, 17, 20, 22 and 24 assess the
perceived need for the computer (in the past, presently and
in the future) and the perceived role of computers (in the
present and in the future). Questions 10, 11, 13 and 15
address the individuals' attitude toward learning. Questions
12, 14, 19 and 23 deal with the attitude toward the Com-
puter Literacy course itself.

Three major factors were considered: academic major,
gender and age. For each of these factors a comparison was
run inside each school and between the two schools. For the
academic major we have made two comparisons: teachers
vs. non-teachers and a five-way comparison between the
prospective teachers, natural science students, arts and
humanities students, business students and undecided. The
results were statistically analyzed using ANOVA combined
with the Duncan's multiple comparison test (for the
statistically significant ANOVA results). For the Duncan's
multiple comparison test the standard significance level of
0.05 was used.

During the Fall 1993 Semester a total of 69 surveys
were collected at the University of Hartford (UH). an urban
university in a major metropolitan area. Tney consisted of
33 females and 36 males, 68 youngstudents and 1 older
student (where young is defined as up to 25 years old), and
2 prospective teachers. During the Spring 1993, Summer
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1993 and Fall 1993 a total of 62 surveys were collected at
the University of Texas of the Permian Basin (UTPB), a
state-supported regional university in a predominantly rural
area. They consisted of 16 females and 46 males, 30
younger and 32 older students and 22 prospective teachers.
Since the number of prospective teachers and older students
at UH was small, the comparisons between teachers and
non-teachers, as well as, older vs. younger students were
performed for the UTPB only.

Results
Data relative to overall attitudes, feelings about comput-

ers, opinions about the role of computers, and attitudes
toward the role of computers and toward learning were
analyzed.

Overall attitude
The primary thrust of our study was to compare the

prospective teachers with students in other majors. The
results were somewhat surprising. We found no significant
difference between prospective teachers and the rest of the
student body in the overall attitude toward computers and
on question by question basis. When comparing all five
groups of majors (combined from both schools) there was
also no difference between their overall attitude toward
computers. These results argue against the notion that
prospective teachers have an anti-technological attitude.
They also suggest that the difference in attitudes toward
computers may not depend upon the academic major. We
found that students at UTPB had more positive overall
attitudes toward computers than the students from UH.
Significant differences in the overall attitude toward
computers were also observed when age and gender were
considered. We found that UTPB young students were
more positive toward computers than UH young students.
At the same time there was no significant difference
between young and old UTPB students. UTPB female
students are more positive toward computers than UH
female students; there was no difference between male
students between the two schools or between male students
and female students inside each school.

Feelings abcut computers
There was no difference between the two schools in

general, between the majors, or teachers and non-teachers at
UTPB in terms of feelings about computers. Young
students from UTPB felt more comfortable with computers
than young students from 1.3H. They were also more
comfortable with computers than the older (UTPB) stu-
dents. There were no significant gender differences.

Role of computers
Overall, UTPB students were more positive as far as the

assessment of the role of computers and their future
computer needs than UI-1 students. There was no difference
between the majors, teachers and non-teachers at UTPB, or
young students in both schools. At the same time older
students at UTPB are more positive than younger students.
There was no difference between UH female students and
UTPB female students. UTPB male students were more

positive in their assessment of the role of computers than
UH male students. There was no gender-related differences
inside each school.

Attitudes toward learning
In general, UTPB students had a better attitude toward

learning than UH students. There was no difference
between all majors or teachers and non-teachers at UTPB.
Young students from UTPB were more positive in their
attitude toward learning. There was no difference between
the younger and older students at UTPB. UTPB female
students had a better attitude toward learning than UH
female students, but there was no difference between male
students in both schools as well as no difference between
genders inside each school.

Attitudes toward a Computer Literacy course
In general, UTPB students were more positive than UH

students in their attitudes toward the Computer Literacy
course. There was no difference between the majors or
teachers and non-teachers (UTPB). UH younger students
were more positive toward the course than UTPB younger
students. There was no difference between younger and
older students at UTPB. UTPB female students were more
positive toward the course than UH female students,
whereas the attitudes of male students in both campuses did
not differ. Inside the schools there was no significant
difference between the genders.

Question by question comparisons
When comparing the schools there were six questions in

which significant differences were observed: 5, 11, .2, 14,
15, 22 (questions related to the computer as a tool, attitude
toward learning and the Computer Literacy course). In all
cr-,es UTPB students had more positive attitude than UH
qudents which matches the results presented above. For the
five groups ofacademic majors (combined from both
schools), the only significant differences occurred for
questions 1 and 8. Business majors and prospective
teachers were the least frustrated by computers, whereas
natural science majors and undecided students were the
most frustrated. Undecided students (followed by students
from arts and humanities) were most likely to believe that
computers will enslave people, the business majors and
prospective teachers were least likely to believe it. The only
gender-related differences (combined from both schools)
occurred for questions 9 and 22. Female students believed
that computers save time and expected to use them more
often in the future. The largest number of significant
differences occurred between younger and older students.
The only case when younger students were more positive
was in their belief that everybody is capable of using
computers (question 6). For questions 3, 11, 14, 15, 20 and
22 (related to the need for computers, attitude toward
learning and the course) older students are more positive
than younger students.

Conclusions
The results of this study must be considered tentative

because of the small sample involved. The results, how-
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ever, do suggest that there is no significant difference
between the prospective teachers and other students'
attitudes toward computers. There may be significant
differences when considering age and gender. There also
seem to be substantial differences between students at
UTPB and U11. The last result supports Connell's (1991)
suggestion that attitude toward computers may be more site
specific than generalizable. We do not want to present any
additional generalization, as this was only a pilot study and
additional data collection is necessary. Based on the results
presented above, and the response from the students and
colleagues we are in the process of redesigning our survey.
The new survey will be administered in the Spring 1994
semester.
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Appendix 1
Indicate the extent to which you agree or disagree withthe

statements listed bellow. Be sure to respond to every
statement.

1. I am frustrated by computers.
2. My experience in working with computers is negative.
3. Many times in the past I had a need for a computer but

didn't know how to use it.
4. I feel uncomfortable each time 1 start to work with

computers.
5. I will use the computer after college.
6. Only smart people use computers.
7. I think that I will never be successful working with

computers.

8. I am afraid that one day computers will take over and
enslave people.

9. I think that computers do not save me time.
10. One cannot learn about computers by her/himself.
11. I am interested in learning more about computers.
12. Computer Literacy courses should be a requirement for

all high school students.
13. Sufficient instructions should be provided when using

compute's.
14. This course will make me appreciate the use of

computers in my field.
15. I am always ready to learn new things.
16. I feel uncomfortable when I see that other students

know more about computers than I do.
17. I think that the computer is a tool that I will never need

to use.
18. This course will help me in other courses where

computers are used.
19. This course will have a big impact on my choice of

courses I will take next semester.
20. Using computers should be a part of all courses.
21. One can get addicted to the computer just as one can get

addicted to drugs.
22. I expect to use computers much more than I have

before.
23. Taking this course will help me overcome my frustra-

tion with computers.
24. I think that the role of computers in daily live will

increase in the next ten years.

Marcin Paprzycki, Department of Mathematics and
Computer Science, University of Texas of the Permian
Basin, Odessa, TX 79762.
paprzycki_m@gusher.pb.utexas.edu.
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Technology in a Teacher

Education Program: A
Qualitative Study

Patricia G. Nason
Texas A&M University

It was Saturday; the campus was deserted. As I
unlocked the building, I noticed that it was like a mauso-
leum - a contrast to the normally crowded halls on a week
day. The elevator promptly arrived, another indication that
few were in the building. I proceeded to my office on the
third floor of Harrington Tower, the eight story building that
housed most of the offices and some of the classrooms for
the College of Education. I noticed that there were little
yellow sticky notes on the posts above the locked doors.
Some of them said "LAN" and others read "Reconfigure.
New Board."

As I rounded the corner, I saw some doors were
standing open; there was activity at my end of the hall.
Three men with wires and connectors for computers
dangling from their shoulders and arms were proceeding
from office to office down the hall. They had been in my
office the day before to install "WordPerfect Office" on our
IBM. They explained that they were checking the comput-
ers to see if the appropriate software had been installed to
hook up to the new electronic mail system for the College of
Education. The third floor would be the last floor to initiate
the new technology. The young men said they were
running into problems; thus, this would not be the last
Saturday they worked to get the system up and running.

The following weekend, the total quality management
team on communications met to discuss how faculty who
had never used E-mail could be taught how to use the new
system. This was not the first expression of anxiety over
technology expressed by the faculty. The college had
received close to two million dollars in a grant from the
Texas Education Agency (TEA) that initiated the placement
of computers in eight local schools, and in Texas A&M's
and Prairie View A&M's colleges of educaticn. Through
the funding, seventy-six Macintosh computers and twenty-
four IBM computers became available to faculty. There
were voluntary training sessions on both the Macintosh and
the IBM computers, but few faculty were able to take
advantage of the training sessions.

The outcomes of the Texas Education Collaborative
(TEC) are compatible with the goals of TEA and NCATE.
Technology standards for teacher preparation not only
include learning how to use technology but initiating
foundations courses in computer technology that prepare
future teachers to apply current instructional principles,
research and appropriate assessment practices; demonstrate
knowledge of uses of computers for problem solving, data
collection, information management, communications,
presentations, and decision making; design and develop
student learning activities that integrate computing and
technology for a variety of student grouping strategies and
for diverse student populations; demonstrate knowledge of
uses of multimedia, hypermedia, and telecommunications to
support instruction; demonstrate knowledge of equity,
ethical, legal, and human issues of computing and technol-
ogy use as they relate to society. (ISTE Accreditation
Committee, 1992).

With the initiation of the grant, many questions
emerged. Do teacher educators see the relevance in
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including technology in teacher preparation? Do they
understand the place that technology has in teacher prepara-
tion? What do teacher educators perceive is the utility of
technology in education?

Computer technology in schools
The use of computer technology in society lends

"authenticity" to using the same kinds of technology in the
school classroom (Collins, 1991). To many in our society,
making students technologically proficient is the duty of
schools in preparing students for today's society (David,
1991) because technology is the wave of the future. The
U.S. Department of Labor's What Work Requires of
Schools, 1991, p. 13, says of technology: "Technology
today is everywhere, demanding high levels of competence
in selecting and using appropriate technology, visualizing
operations, using technology to monitor tasks, and maintain-
ing and trouble shooting complex equipment."

Technology can provide schools with the traditional
information-transmission model or the constructivist model.
The way that technology is used in the classroom will
impact our society and the way that schools function. It
includes how teachers teach and how learners learn
(Newman, 1992). "Many calls for the reform and restruc-
turing of public education have featured technology as a
centerpiece" (Butzin, 1992, p. 330). The focus of discussion
becomes how and why computer technology is necessary
to schools. Computer technology can be used to promote
the status quo in education (Canister & Dunne, 1992) or can
impact the restructuring of the school environment
(Solomon, 1992).

Traditional schools focus on the acquisition of knowl-
edge and low-level skills through the transfer of knowledge
from the teacher to the student. The restructured model
emphasizes the learner's engagement in the educational
process. Technology is espoused to be the means by which
schools can create an environment that is making the shift to
active engagement in the learning process through risk
taking, collaborative learning, and problem solving by the

learners (Sheingold, 1991). Furthermore, Solomon, 1992,

claims that educators of teachers need to model the use of
technology through teacher training and access to technol-

ogy.
This is the premise driving the emphasis on technology

by the Texas Education Collaborative.

Methodology
A survey initiated through the TEC revealed that

teachers see little connection between the academic
improvement of their students and their efforts to learn how

to prepare and use multimedia presentations in their
classrooms. The results of the survey made me wonder if
college faculty that received computers are approaching
technology with the same attitudes. Using an ethnographic
approach to find out the faculties' perceptions seems more
appropriate than finding the answers through a survey.

Spradley's (1979) techniques for interviewing were used

during the interviews. Participants included five faculty
members representing a variety of interests and subject
areas. To clarify the participant's knowledge and expertise
in the use of computers, they were asked to edscribe how
they used a computer.

Using Denzin's (1989) recommendations for capturing
and bracketing, the interviews revealed several interesting
ideas. Conceptions about the pedagogical use of technology
and perceptions about the place of technology in the schools
of a democratic society from the view of college faculty
were topics that emerged.

Results
The results presented in this section related to partici-

pants' levels of use, attitudes toward computer use in
education, and philosophical issues.

Participants' levels of use
Colleen, an early childhood educator who is an avid

constructivist, says of computers and their use, "A computer
sitting or. your desk is a value statement. What does it
mean? Also, [the way] you use the computer is a value
statement." All of the informants use computers but they
were at c'ifferent levels of expertise in their use.

For example, John, an elementary science educator, is
familiar with many applications in technology. He says:

Obviously, everybody isn't where I am. (smile) I
can't imagine not having a computer as a word
processor and for record keeping. Record keeping
and writing: that kind of technology is important.
It's more than that - It's CD-ROM's and laser disks.
For example I'm familiar with Windows on Science,
Optical Data's laser disk. First thing in the morning,
both at home and the office, I use the computer. I
write my plans and lesson notes and activities for the
students to use. I use the computer a lot for that and
for record keeping. I hook up into low technology
bulletin boards with Prodigy and get the weather and
activities off of Nova. Occasionally, about 20% of
the time, I use some sort of technology to present the
lesson.

John's variety of experiences with technology is not
shared by other participants. Computers do not make a
value statement in Ted's life, even though he uses them. He
says, "I mean, I'm to some degree computer literate [but] it

hasn't changed my life and hasn't improved my thought
processes - that's been a result of literacy development, not
development in the realm of computer literacy." Adolpho, a
faculty member who just received a five hundred thousand
dollar grant, explains that he "writes grants on [the com-
puter]."

Colleen tells how she uses the computer:
I don't use it for all the wonderful things that I could.
Now [I use it] for a word processor and, of course, in
the past, when I was doing quantitative things, I used
it for statistical analysis. Of course the word
processing can be used a lot related in qualitative
research from unitizing to writing the research paper.
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[Technology, the computerd has wonderful, wonder-
ful possibilities. My thirteen year old son uses it for
a lot of things; he makes visuals, graphics. And it's
used for things like check book balancing.

Colleen, as well as all the participants, uses her computer for
proposal writing and word processing.

Attitudes: Computer Use in Education
Participants express a wide variety of attitudes about the

purpose of using computers and the relationship of comput-
ers to education. They realize that, despite problems with
using technology, especially computers in the classroom,
technology is becoming an important aspect of our society.
Colleen describes some reasons for including technology in
education:

I do think that any resources, values, etc. anything
that are parts of society have to be part of teacher
education because we deal with society. Technology
has a definite role in teacher education in that teacher
education has to deal with all aspects of society.
Technology has another role in that if there are things
that can open up possibilities for methods and
opportunities for the child, we need to use them.

Technology might not be an asset to education as Ted
expresses:

I don't know if it's really going to contribute to all
around education. Proponents of technology say we
can get students to take different perspectives - solve
problems make sure that's going on. Solicit perspec-
tives. We need a diverse, legitimate existence,
instead of relying on computers. I know I'm the
voice of technophobia in college but there are serious
questions that cloud its use. These [questions] are
ignored because technology is synonymous with
progress.

Colleen has thought about these same issues. She states
that "it should not be the guiding force because it's a
societal issue not focusing on the human being and teacher
education." Reid, who is writing an article on teaching
with technology with a colleague, does not "equate technol-
ogy with computers." He defines technology as "any
application of useful knowledge." He does not believe in
putting the computer first. "That's being technocentered,"
he explains.

Those who perceive technology as an advantage for
education describe computers and other hardware as just
another pedagogical tool. John says, "Technology isn't the
savior of education; it's texhing right and planning right;
and part of that is using technology." For some, like John, it
can be an attention getter:

The entertainmer.t factor is important - not slap
stick stuff but to capture their attention in a different
way than they are used to. I mean, different than
what we use. If they could play Nintendo, in the
classroom to learn, wouldn't that be great? Why

shouldn't we have this available to motivate kids? It
would be captivating.

Ted expresses philosophical problems with this idea:
There may be kids that turn on to school because

of computers, but we need to treat the symptom
rather than the cause; it's not a good argument to
embrace technology. School's are not a friendly
place for a lot of students. It could be they pick up
the vibes of racism. Kids of certain cultures don't do
well - mostly due to the nonverbal [elements]. The
real problem is: What are we doing structurally
that's wrong? to make children hate school ? What
have we done?

There is always the fear that computers will take the
place of teachers just as technology has eliminated other
jobs. Ted says, "The computer is replacing that standard
authority figure. It has all the answers instead of helping
stepping back." This issue is discussed by John but in a
different manner, "I don't fear that [technology] will replace
me; if teachers can be replaced by a book or some curricu-
lum or technology, maybe they ought to be replaced."

Philosophical Issues
There is hesitation by the faulty in using computers in

education. This is obvious when Reid complains, "It's
been frustrating because we've tried to provide workshops
but there are vety few takers. We've had a couple of
workshops, but almost no one signs up for them." Ted
believes that technology is "structurally the same [as what's
going on in schools now]. It's melded into the status quo -
drill and practice." He expresses valid concerns about the
use of technology in schools from a philosophical point of
view:

What movement [education has] made is directly
threatened by computer technology. We've been
getting away from 'I'm the teacher, dispenser of
knowledge,' to 'I'm just a participant in the milieu
of environment. Student and me working together.'
It seems its a notable time when [both students and
teachers are) needed and participate. We're working
towards that. The computer is replacing that
standard authority figure. Interaction will now be
between [a] kid and [a] computer.

Ted is concerned that the influence of politics and
economics in schools is "too direct, anything of educational
value gets lost." He sees that "schools, for computer
companies, are fantastic" but fears that the computer
companies' interests are purely economical. He further
explains his perception of the negative influence of politics
on education:

We have computer literacy campaigns in Texas
that I'm not sure what it's for other than it seems to
have utility for future eniployers such as key
boarding, inputting data. It's a good skill. But
computer literacy isn't as liberating as literacy is.
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Think about Anderson's book, how he equated
education and literacy with freedom - being able to
read and coming to grips with liberty.

Colleen describes a discussion among educators in a
teacher education research group formed to read and discuss
moral and ethical issues. They read and discussed an article
by Michael Apple on technology. "From his perspective, he
wrote how it could serve to disempower women because it
imposes certain jobs on that group," she explained. She
further described the discussion:

I do think if we aren't taking a critical perspective
and if we don't analyze [use of technology], we
might have problems. When we were reading this
and in talking about it, three in the group brought up
some interesting ideas. We started talking [abeut the
creation of] computers and the nature of computers,
and, I'm not belittling white men now, [but] your
good old American men have come up with the
thought of the computer plus it fits into the perspec-
tive of math and science, right and wrong answers.
If other groups had come into power over these
hundreds of years, there might have been something
different than the computer. Tools come out of value
structures.

Teacher Education and Technology
The preceding ideas about technology are valid concerns

that should be confronted in teacher education. However,
technology is being infusei into the teacher education
program and, in Texas by law, it is becoming an integral
part of the pedagogy. When participants explained how
they would teach or use technology in their classrooms,
several ideas were expressed. Most participants believe we
should use computers as a "methodological tool." Adolpho
explained that the four basic skills in ESL are oral, listening
skills, reading skills and writing skills. "Each skill [has a
place] where technology can play a role," he explains,
"There is a significant role in ESL for technology."

Colleen sees "lots of potential uses in child develop-
ment. Interactive wings could be developed - like in

anthropology; there are lots of developmental kinds of
things that could be done." But she warns:

[Technology] shouldn't be the guiding force
because it's a societal issue, not focusing on the
humal. being. Teacher education needs a critical
perspective that causes us to deal with the real thing
and that deals with kids. [Ies] not just technology
hut all kinds of bandwagon things. In teacher
education we don't analyze the [implications].
[Technologyrs fine to be in teacher education as
long as we're analyzing how we're using it and
presenting it, or if we put certain groups in more
powerful positions that others. [I] do think [teaching
how to use technology] is a responsibility. I'm
concerned with over infusion of technology. Any
resources that provide children with more opportu-
nity, we should expoce [future educators] to includ-

ing the critical massages and underlying values that
go with it. When they make decisions about using
technology, it has moral and ethical implications.

Ted is also concerned about teaching future educators
the implications of using technology. He agrees that
"computer technology should be available to students of
education for what it can help them do to facilitate research
and for getting familiar with software that might be out in
the schools." But he believes that the philosophy behind the
use of technology is what is most important:

[Future educators] need to come to grips with
what it means to be educated and then sort out for
themselves the role of technology and how it tends to
be catalyst for students. We've got to be able to
bring [student teachers] to a level of intellectual
confidence so that when they get their own class-
rooms, they can do what they should.

John believes that teachers can "create educational
materials to get into a format the [their own students] can
best learn in." He says that "when I start using E-mail, I'll
have a student from last semester show me how to do it."
He applies this idea to his own students' learning and use of
technology:

You need to grab up people by the hand and show
[them how it works]. It almost has to be a mentor
situation. Teachers in the schools will be teaching
oufstudents and us how to use technology. Maybe
we have to [make] a special effort by sitting at the
feet of someone else and learning from each other.

He believes that teacher educators need to model using
technology as well as have their students practice using it. "I
don't think it would go very far if they didn't do it. If they
don't do it and just see me modeling it, they probably won't
ever use it." In order to ensure use he say._ of his student in
their field based experience, "I'll force them when they are
out teaching to have prepared [lessons using technology]."

Adolpho says that, "We need to assess the educational
needs of each learner [before we use technology]. We can't
assume that all the students have the same linguistic needs."
He believes that future educators need to be taught this in
their classes.

Reid told about a hierarchical framework for teaching
with technology: familiarization, utilization, integration,
orientation, and evolution. He explained that learners,
whether they are teachers, teacher educators, or future
teacher, need to start at step I (familiarization) and work
theif way up the ladder. He described the process as
follows:

You can take any experience such as [learning]
Claris Works, [using] cooperative learning or some
other great idea. The first step is to get familiar with
it. When at a workshop, all [teachers] do is get
familiar with it. Then they ny it out back in the
classroom. That step is utilization. But often nothing
else will come out of it. It becomes integrated when
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the teacher makes a commitment to it. For example,
take chalkboards, when teachers use them so much
that if they take it away it's not business as usual,
that's integration. This can apply to taking away a
black board, flip chart, cooperative learning, or
computers. This step is so important. The fourth
step is reorientation. Actually, it is the next major
phase in an educator's life where you start thinking
about [the implications of what you are doing]. It's
like restructuring; the teacher is open to new ideas
and scraps the old. It is reflective practice and a
willingness to restructure. They reconceptualize
their place and role in the classroom; they have a
different attitude. The last step is evolution. It is
when they continually adapt to change.

Reid applies the above explanation to when he describes
the role of technology in teacher education:

If we just introduce the spread sheet, data bases,
or word processing and never go any further than
introducing [the mechanics], students will be just at
the first step. At the utilization level, maybe I'm
using technology to teach something but not asking
them to use it - no activities that they do such as
spread sheets. Actually using it [is necessary to
integration]. Reorientation is parallel to what Donna
Wiseman and Dr. Stallings are about in how
teacher education should be restructured.

Implications of the Study
The variety of responses from the participants might be

because they are not beyond the utilization level. However,
it interesting that educational reformers such as John
Goodlad, Theodore Sizer, and William Glasser rarely, if
ever, mention technology in their writings. Further research
is needed to determine if those in higher education reflect on
the implications of using and promoting technology in
public schools.

It is commendable if a teacher education institution in
the process of infusing technology into its program develops
a unified philosophy before initiating such a program. The
faculty members at this university have visions of techrol-
ogy that conflict with each other; they do not have a
common perception of the place of technology in a teacher
education program.

Reid gave an analogy comparing this conflict with that
of a symphony orchestra:

It's like the professional violinist or the pianist or
the drummer; they play good by themselves but what
if you want to have a symphony. If the pianist leads,
he says his instrument is the best and the same goes
for the violinist or the drummer. They want to be up
front. We need a conductor.

The faculty of a college of education should consider if
its involvement with technology will disempower or
empower our children. They also need to determine how
they will infuse technology into their teacher preparation

program. It is our responsibility to prepare future educators
to consider the results of using technology as a pedagogical
tool and to use that tool to promote equity in education.
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Interactive Video
Simulations: Factors

Related to Promoting
Teacher Effectiveness

Louis H. Berry
University of Pittsburgh

The use and effectiveness of computer driven simula-
tions as a pedagogic technique for providing students with
realistic experiences in which they can apply problem
solving and decision making skills has been well docu-
mented. Simulated classroom experiences have similarly
beer. used to allow preservice teachers to confront some of
the tasks and situations they will face in the actual class-
room environment. Cruikshank (1986) has suggested that
"concrete-real" instructional methods such as student
teaching could be made more effective if they were
preceded by "concrete-modeled" experiences such as
simulations. Research by Smith (1986) and Strang.
Kauffman, Back, Murphy & Loper (1987) has emphasized
the effectiveness of realistic classroom simulations.

Recently, the development of interactive video models
of computer based instruction have made possible the
design of fairly sophisticated, interactive learning tools
(Dalton, 1986; Dalton and Hannafin, 1987). It is widely
believed that the use of interactive videodisc simulation in
teacher training can provide instruction in a number of
important skill areas while in a controlled environment.
Interactive video makes it possible to increase the amount of
active simulation teachers can experience while providing
for greater control over the nature of that experience. While
it is generally believed that an increase in the relative degree
of situational realism will automatically result in a cone-
sponding increase in learning, it is not clear what aspects of
the situation are responsible for promoting learning.

To date there has been limited application of this
technology in the training of teachers. Those studies which
have been reported, have produced positive results (Volker.
Gehler, Howlett and Twetten, 1986; Goldman and Ban-on.
1990). The application of interactive video to the presenta-
tion of classroom management skills, and in particular, to
classroom discipline was addressed in a study by Berry
(1992). This study compared groups of preservice and
inservice teachers who received either interactive video
simulations or text-based scripts of the simulations. Results
indicated that the interactive vidto simulations were
significantly more effective for the preserviceteacher group.
Data revealed that interactive video simulations produced
substantially different decisions than did text-based
materials. Specific reasons or factors contributing to the
increased effectiveness were no; apparent. It is not clear
whether participants were using visual, contextual, expen-
ential, or emotional cues in making their decisions. The
present study constitutes a further, more in-depth, investiga-
tion of those aspects of the interactive video simulations
which are responsible for increased learner performance.

Purpose of the Study
The purpose of this study was to identify those factors

which are responsible for improved performance by
preservice teachers interacting with an interactive videodisc
simulation. Secondarily, the intent was to compare the
factors identified by preservic" teachers with those identi-
fied by inservice teachers in decision making related to
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Table 1
Distribution of Subjects Across Experimental Groups and Performance Levels

Experimental Group

Performance Level Preset-vice Inservice Total N

Highly Successful 16 21 37

Moderately Successful 22 19 41

Least Successful 31 13 44

Total N 69 53 122

classroom discipline strategies. The following research
questions were formulated:

1. What factors or aspects of the interactive video simula-
tion are identified by preservice and inservice teachers as
being useful in making discipline related decisions?

2. To what degree are these factors similar or dissimilar
between preservice and inservice groups?

3. Are the factors which are identified similar among those
preservice and inserviee teachers who are most success-
ful in decision making and those who are less success-
ful?

Method
Participants in the study were sixty-nine preservice

teachers enrolled in teacher development methods courses
and fifty-three practicing, inservice teachers. None of the
preservice teachers had any formal classroom teaching
experience and their ages ranged from twenty-two to fourty-
three, with the mean age approximately twenty five. The
mean number of years teaching experience of the inservice
group was ten years, with a mean age of approximately
thirty-seven. All participants were volunteers.

The materials employed in this study were the interac-
tive video simulations used by Berry (1992). These
simulations were based upon and used the videodisc
program Critical Incidents in Discipline developed at Kent
State University by Evans, Cupp and Kinsvatter (1987).
This interactive videodisc program was designed to present
three classroom discipline situations from the viewpoint of
the classroom teacher. Teachers nr preservice teachers may
then interact with the various situations, making what they
feel are the appropriate teacher's decisions to each of the
simulated discipline problems. As with other interactive
video simulations, students are branched through a variety
of video sequences which present the probable conse-
quences of their decisions. Resolution is generally depen-
dent upon the teacher's ability to defuse and discuss the
problem rather than to become defensive or authoritarian.
The total time required to complete the three incidents was
approximately twenty minutes. Each subject worked
individually with the program and was encouraged to take

as much time as necessary to think through their response.
The simulation was programmed in HyperCard and was

presented via an Apple Macintosh SE computer linked to a
Pioneer LD-V4400 videodisc player. A student
recordkeeping subroutine was incorporated to track user
performance at each interaction.

Based upon a subject's total decision score, each group
was divided into three performance levels using +/- one
standard deviation as the criteria. These performance
groups were designated as : Highly Successful, Moderately
Successful and Least Successful, resulting in a 2x3 matrix
of experimental groups (See Table 1).

Analysis of variance procedures were employed to
confum the statistical independence of all groups. Upon
completion of the simulation, each subject was interviewed
using a standard, twenty-five item interview form which
first posed open-ended questions regarding what informa-
tion was most helpful in making their decisions. Later
questions became more focused and queried the subjects
about specific aspects of the interactive video simulations.
Data gathered was evaluated and categorized for each
subject within each level of performance, resulting in a
comprehensive data profile for each person.

Results
Analysis of the interview form data for each perfor-

mance level and across both experimental groups indicated
that ten categories of information were used in resolving the
simulatious, These included:

1. Experience: A factor generally identified by inservice
teachers, based on prior examples of the discipline
problem.

2. Intuition: A sense of what is the right decision, not
based on facts in the situation.

3. Emotional: A response or evaluation based on a like or
dislike of the student in the scenario.

4. Authoritarian: A response based on a / am the teacher
and I am right approach.

5. Conceptual Strategy: Responses based on prior strate-
gies, either taught or learned from experience.

3"
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7. Aspects of the Situation-Body Language: Visual
information dre.wn from the student in the video
presentation

8. Aspects of die Situation-Voice: Verbal information from
the student presented in the video presentation.

9. Aspects of the Situation-Classroom Environment: Visual
or verbal information drawn from other students and the
classroom environment.

10. Contextual Information (Nonobservable): Feelings
about the classroom or encounter with the student which
do not relate to specific, observable activities i.e., A
sense of tension in the room.

The Frequencies of subject references to these informa-
tion/response categories were tabulated for each perfor-
mance level and across both groups of professionals.
Statistical analysis via the Kruskal-Wallis Analysis of
Variance procedure was used to indicate where significant
differences occurred (Table 2).

Analysis of the data indicated that inservice teachers
were, on the whole more successful in resolving classroom
discipline problems, a finding that could be expected.
Further analysis, however, suggested that across the
different performance levels, different factors within the
interactive simulation were being used to base decisions.
Among more successful inservice teachers, the conceptual
strategty factor was most important, whereas more success-
ful preservice teachers relied on situational and intuitive
factors more. Less successful inservice teachers employed
emotional and authoritarian strategies most and the less
successful preservice subjects relied upon canned strategies
and emotional or authoritarian evaluations of the situation.
It is important to notice that the ability to read situational
factors in the video scenario such as body language, verbal
dialogue, and classmate reactions were important aspects of
the more successful preservice teachers decision making
strategies.

Table 2
Factors Employed in Making Discipline Related Decisions, Frequencies, Percents and Kruskal-Wallis H
by Experimental Groups

Factor Employed
Preservice

High Moderate Least
Success Success Success

Inservice
High Moderate Least
Success Success Success

Experience 6(9%) 5(7%) 4(6%) 3.40 15(28%) 8(15%) 7(13%) 3.48

Intuition 7(10%) 3(4%) 3(4%) 6.99* 13(25%) 6(11%) 5(9%) 3.95

Emotional 5(7%) 6(9%) 15(22%) 6.01* 2(4%) 3(6%) 7(13%) 9.62**

Authoritarian 4(6%) 8(12%) 16(23%) 7.00* 3(6%) 5(9%) 9(17%) 9.60**

Conceptual Strategy 12(17%) 11(16%) 13(19%) 3.89 14(26%) 4(8%) 6(11%) 8.22*

"Canned"Response 2(3%) 3(4%) 8(12%) 6.03* 0(0%) 1(2%) 3(6%) 6.23*

Situational-

B ody Language 13(19%) 7(10%) 9(13%) 13.00** 6(11%) 4(8%) 3(6%) .32

Situational-voice 9(13%) 4(6%) 4(6%) 11.24** 4(8%) 2(4%) 2(4%) .566

Situational

Environment 12(17%) 8(12%) 8(12%) 6.73* 9(17%) 5(9%) 3(6%) 1.86

Contextual-

(nonobservable) 9(13%) 5(7%) 8(12%) 5.68 8(15%) 2(4%) 3(6%) 4.04

*p<.05 **p<.01
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Discussion
While it was expected that inservice teachers would rely

on experiential and intuitional factors most, this was not the
case. Rather, inservice teachers relied most on strategies to
successfully resolve discipline situations. Less successful,
inservice teachers resorted to authoritarian solutions and
emotional responses, possibly because of a lack of strategy
building. It is important to note, that inservice teachers did
not utilize visual, verbal or other situational aspects of the
interactive video presentation upon which to base decisions.
This may be attributed to the fact that experienced teachers
have seen it all before, and do not need to use other
situational cues. Possibly their strategies have been
developed previously, in actual classroom experiences.

Preservice teachers did rely heavily on cues presented in
the interactive video presentation to make successful
decisions. This may imply that the provision of such
simulated experiences replaces actual classroom experience
and strategy building activities by giving preservice students
actual data with which they can draw conclusions and build
strategies. The videodisc simulation could, in this way,
supplant the longer term inservice experiences and give
newer teachers a series of quick discipline related interac-
tions. This also suggests that it may be very important to
teach or discuss appropriate strategies in conjunction with
the interactive video presentation to help build the links
between specific, yet abstract, strategies and the more
concrete, observable classroom cues.

Conclusions
In answer to the three research questions, it can be

concluded that:

I. A number of factors or aspects of the environment are
used by teachers in making discipline related decisions
in the classroom. Primary of these are: experience,
intuition, emotional factors, authoritarian responses,
conceptual strategies, "canned" responses, situational
factors such as body language, verbal dialogue,and
environment as well as nonobservable contextual
factors. Specific factors are associated with decision
making which resolves discipline situations and other
appear to be related to the decisions of less successful

classroom managers.
2. The factors differ between inservice and preservice

teachers in that inservice teachers emphasize strategies
which resolve problems. Preservice teachers, however,

appear to extract useful cues from the classroom
environment and the interactions with students when

they make effective decisions. Apparently they rely on

more concrete data since strategies have not yet been

learned.
3. The most successful and the least successful teachers or

preservice teachers appear to use very different factors in

their decision making, It is highly possible that this is

the primary reason for poor performance in classroom

management.

It is clear, while preservice teachers do not seem to
resemble experienced inservice teachers, that they can use
situational factors in dealing with discipline problems. This
may only be a temporary solution until effective strategies
are developed. For this reason it would seem important to
embed and explicate conceptual strategies into any interac-
tive simulations developed for this purpose as well as in the
use of existing simulations in teaching methods courses.

Additional research needs to focus on developing an
understanding of how experienced teachers analyze
discipline situations and apply strategies so as to enable
preservice teachers to model the appropriate techniques.
Both of these needs are predicated on a more detailed
knowledge of the cognitive processes which are employed
by both inservice, experienced teachers and by preservice or
beginning teachers in analyzing a given situation.
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Did Video Really Work?
An Analysis of Student
Teachers' Perceptions

Maryanne R. Bednar
La Salle University

Francis J. Ryan
La Salle University

John J. Sweeder
La Salle University

The beginning of each student teaching semester is
exciting yet stressful for many preservice teachers. These
student teachers raise many legitimate questions concerning
their pending experiences in the practicum, questions such
as, Will my cooperating teacher like me? When do I assume
full-time instructional responsibilities? What happens after
my supervisor observes me teaching ? How will my
supervisor grade me?

At LaSalle University, these issues had been addressed
primarily through direct oral communication coupled with a
modest document which sketched some general principles
and guidelines. Recognizing that this approach was
incomplete and inadequate, we developed a more compre-
hensive multimodal approach whir:h included not only a
revised handbook and a more extensive orientation and
consultation seminar throughout the student teaching
experience, but also two program-specific instructional
videos. The Professional Year: An Introduction to Student
Teaching in Elemeniwy and Special Education (ESE) and
The Professional Semester: An Introduction to Student
Teaching in Secondary Education (SE) were completed in
1992 and first used during the 1992-1993 academic year.
Each video was designed to orient student teachers in the
two respective programs to policies and procedures required
of them during the student teaching practicum. Specifically,
each twenty minute video presented a program director
guiding a small group of student teachers through simulated
roundtable discussions focusing on the department's
educational philosophies and policies. Each video also
included two vignettes which dramatized critical issues
about the student teaching experience: first, establishing
student and cooperating teacher rapport; and second,
demonstrating the group dynamics of post-instructional
conferencing (Bednar, Ryan and Sweeder, 1993a).

This present study is the third part of an on-going
investigation of the value of video as a preservice teaching
tool. The initial study presented and critiqued the processes
used to produce the videos (Bednar, et al , 1993a); whereas,
the second study evaluated the cooperating teachers'
responses to the use of videos as a communication tool
between the university and individual schools (Bednar,
Ryan and Sweeder, 1993b). In contrast, the purpose of this
study is to explore student teachers' perceptions of the
videos' value as an advance organizer to help them under-
stand the parameters of the student teaching experience. In
addition, this study analyzed, first, whether student teachers
would identify specific elements of the video as potentially
helpful; and second, the degree to which the student
teachers felt that specific aspects of the video actually
helped them during student teaching.

Participants and procedures
In September 1993, seventy-two ElementarJ and

Special Education student teachers were shown the ESE
version of the video during their four day orientation to their
student teaching year. The video was shown at the begin-
ning of the first orientation session and was followed by a
presentation of policies and procedures. At the close of the
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two and one-half hour session, student teachers were asked
to respond to the video by completing the authors' designed
survey which targeted the following areas:

overall impression of the value of the video.
specific segments of the video which they felt were most

beneficial.
suggestions for future video topics.

After teaching for six weeks, the students again re-
sponded to the same set of questions which, now framed in
the past tense, attempted to reveal the degree to which they
felt the video actually did facilitate their transition into their
new roles as student teachers.

Data collected was analyzed using a series of re-
readings based upon constant comparative analysis (Glaser
and Strauss, 1967). Surveys were read and analyzed
separately by each author to identify student " thought
units" that pertained directly to the targeted areas. A
thought unit is defined here as a single concise statement.
For example, "informative," "good," "appropriate set
induction," "a better understanding," and "It was neat to see
people that we knew going through the same thing[s] as we
are and knowing that they made it!" would be considered
separate thought units. As shown in Figure 1, the thought
units were categorized according to the authors' generated

rating scale.
Discussion about each thought unit's rating ensued until

100% agreement was established.

Results
Data on both initial impressions and lasting impres-

sions was gathered.

Initial impressions:
Before entering the field

Sixty of the seventy-two student teachers survey
responses were examined quantitatively and qualitatively.
Of those responding, fifty-five were female and five were
male. The majority of the students were twenty-one years of
age, while there were eleven twenty-year-olds and one
forty-four year old.

Seventy-six percent indicated that their overall impres-
sion of the video's value was above average to excellent.
Ninety-six percent of the students indicated that their overall
impression of the video was average to excellent in address-
ing their initial concerns about student teaching (see Figure
2).

Based upon our reflective analysis of the student
teachers' initial impressions of the video, we identified
specific reasons why the student teachers felt the video was
beneficial:

Rank Classification
Descriptor

............,
Thought Unit
Responses

1 Poor
No Response

2 Below Average "Would have been more
informative if was less acted
out"; "Seemed as if was
rehearsed"

3 Average "Pretty good overview";
"Gave a broad view"

4 Above Average "It was well-presented,
helpful"; "Gave me an idea
of what to expect"

5 Excellent "Very informative"; "It was
very well done and helpful"

Figure 1 . Thought unit classification scale.
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The video provided procedural information.
Examples:

It gave insight into the kinds of things supervisors expect
to see from you and what occurs during the
conferencing.
It provided a good idea of what (al meeting should be
like, of what to expect.

The video was helpful in underscoring affective concerns.
Examples:

It was a good video clear in addressing fears about
student teaching.
It relieved some of my fears about what to expect.
It can help me to stay calm and not be overwhelmed by a
situation or a problem that can arise.

The video was beneficial in addressing communication
issues.
Examples:

/t will help me keep the lines of communication open.
It will help me to understand that you have to approach
the (cooperating) teacher at the right time or ask her to
set up a time.
Four percent, however, indicated that their initial

impression was below average. For example, one student

wrote "[The video] seemed as if it was rehearsed," while
another observed "I think the video would be more informa-
tive if it was less acted out."

In addition to general impressions, student teachers
targeted specific elements of the video as being potentially
the most helpful to them when they entered their field
placements: the vignette which addresses post-instructional
conferencing (61%); the roundtable discussion where the
student teachers portrayed in the video reviewed philoso-
phy, policies and procedures (21%); and the vignette
dramatizing communication between the cooperating
teacher and the student teacher (18%).

Lasting impressions:
After one month in the field

We were curious to see whether the student teachers'
initial perceptions and feelings regarding specific aspects of
the video remained consistent during the semester when
they again reflected upon its value. Their responses to the
follow-up survey revealed, after four weeks of student
teaching experience, that the conferencing vignette
continued to be the video's most valuable aspect (44%
positive response). Thirty-eight percent indicated that the
vignette illustrating communication was the most valuable;

Excellent

Above Average

Average

Below Average

Poor

0 5 10 15 20 25 30

Figure 2. Student teachers' overall impressions of video.
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whereas, eighteen percent reported that the roundtable
component continued to have a lasting value (see Figure 3).

When asked to suggest future topics for videos to be

used as part of the student teaching program, students
indicated a desire to see a developmental video that would

show a student teacher in the classroom performing
authentic tasks over the span of the student teaching
experience. "A student teacher in the classroom throughout
the placement. Maybe five minutes a week as the weeks
progress." In addition, there was a marked interest in seeing
student teachers deal with issues related to discipline and
classroom management. "Maybe a video showing examples
of a discipline problem and how to solve it by using your
own method so that the students don't think you are softer
than the co-op [ cooperating teacher]." A few students
recommended developing videos that would address time

management and that would treat specific instructional
methods related to mentally and physically handicapped
learners.

Discussion
Philosophically, the Department of Education at LaSalle

University believes that learners should be provided with a

number of ways to process information. 'This belief

supports our recent efforts to provide our student teachers
with a variety of ways to understand their upcoming student
teaching practicum. Using almost exclusively printed
materials and some direct instruction, past orientations
addressed student teachers as if they were all left brained
learners; this approach generally overlooked those who
learn best through multimodal dimensions (Williams, 1983).
By including a revised handbook, more extended interactive
discussions, role playing activities, and a video, we now try
to accommodate a variety of learning needs. This study
focused on the value of using a video as an orientation tool.

The results indicate that the video was helpful for two
interrelated reasons. First, because it presented departmen-
tal policies and procedures systematically and coherently,
the video addressed many questions that the student
teachers, watching it for the first time, brought with them to
the orientation. Second, the dialogue between the program
director and the "student teacher actors" during the
roundtable discussion in the video clearly revealed that all
student teachers approach the practicum with questions,
anxiety, and uncertainty. As one student teacher noted on
the survey response: " It was helpful to see other student
teachers with the same questions."

The roundtable discussion, therefore, not only imparted
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Figure 3. Initial versus lasting impressions of the video.
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information and procedures, but, in dramatizing student
teachers' concerns and queries, it established an immediate
bond between the student teachers about to begin the
pract.icum and those in the video. This bond was especially
underscored by one student teacher who remarked that "
The student questions [in the video were helpful] because
some of them were my own. Also, student comments
helped because they [the student teachers in the video]
know where we are coming from."

When the student teachers fust saw the video, they
believer; tnat the conferencing vignette was the most
helpful. Their comments revealed that they were most
uncertain about this aspect of the upcoming field experi-
ence, e.g., "meeting the supervisor and the co-op for
discussion because now I see how it works" and "The
conference with the supervisor was most helpful because I
had no idea what to expect from it." In reviewing our
preservice program, we realize that although we formally
and informally engage our preservice students in forms of
conferencing as part of class assignments, we do not address
student teaching post-instructional conferencing with the
university professor and the cooperating teacher. Seeing a
vignette which demonstrates not only the cognitive aspects
of a conference but also hints at the affective issues and the
physical layout of such a conference permitted the student
teachers to have a bird's-eye view heretofore denied them.

Did the student teachers find specific segments of the
video helpful after they were engaged in the field experi-
ences? Their responses indicated that this was so. Student
comments attested that the conferencing segment continued
to have the most value, e.g., "The co-op and supervisor
conferences. It made everything more realistic," "How the
supervisor can help mediate with the co-op" and "The video
helped to give me an idea of what the conference with my
supervisor and co-op would be like." Although their
experiences in the field tempered their initial assessment of
the conferencing, the student teachers still cited it as
valuable. Their initial anxieties may have been mollified.
Moreover, at the very least, this vignette depicted what a
potential conference could look like.

During the orientation viewing, seventeen percent of the
student teachers felt that the communication vignette was
helpful. After they entered their field placements and
needed to utilize some of the principles suggested in the
video, thirty-eight percent felt this segment was helpful.
One student teacher commented that the vignette was
authentic and that she did see "how busy my co-op can be,
and to be considerate of her time," while anotherconcurred
with " [The part of the video that was helpful was the part]
dealing with co-op because I knew when or when not to
approach her."

Conclusion
The student teaching practicum is the capstone of any

teacher education program for it is here that the students
demonstrate mastery of pedagogical principles as these

principles guide communication, planning, instruction,
management, and evaluation. To ensure that they under-

stand the framework for operationalizing pedagogical skills
in these contexts, it is critical that student teachers be
sufficiently oriented to the procedures and requirements of
the practicum from the very beginning. It is likewise
important for them to know that the university supervisor
and the cooperating teacher recognize the students' fears,
doubts, and anxieties that invariably surface before and
during the student teaching experience.

We have found that a multimodal orientation with a
program specific video as the centerpiece is markedly
more effective than printed material and oral commentary
alone. In addition to meeting various learning styles, this
multimodal approach, in utilizing both iconic and abstract
modes of communication, enhances overall clarity and
increases the probability that the information imparted by
the video and the handbook will be understood and retained
longer (Heinich, Molenda and Russell, 1993).

While the student teachers overwhelmingly stated
immediately after viewing the video that it was helpful in
allaying anxieties and in presenting departmental policies
and procedures, their assessment of various components of
the video changed after one month of teaching. Moreover,
their experiences in the classroom prompted them to
identify other areas, not addressed in the video, that might
be included in future video productions. These student
suggestions undoubtedly should be considered for inclusion
in future videos. Nevertheless, this study verifies that video
itself can be utilized as a central component of a compre-
hensive orientation program.
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The development of global computer networks has
given researchers the means for rapid communication of
ideas. It broadens the scope of research to a point that
allows it to be carried on from any place with a link into the
network. It has also the potential of reducing time of just
collecting and assembling data to a few weeks. Based on
the earlier experience with using computer networks to
collect the data (Mitchell & Paprzycki, 1993b) the authors
decided to try to apply a similar approach to study the
present state and future of computer literacy.

This paper will serve two ends: describe the methods
used to gather the data (as well as certain possible pitfalls)
and present preliminary results.

Computer Network Based Research
Starting in 1991, twc ....uthors of this paper (Mitchell &

Paprzycki) have collaborated on research projects while
separated by more than two thousand miles and communi-
cating primarily using email. This cooperation led to
publication of three papers and two notes as well as to a
number of conference presentations (Mitchell & Paprzycki
1992, 1993a, 1993b, Paprzycki & Mitchell 1992a and
1992b). In 1992 we received an inquiry from Duckett about
the possibility of getting copies of the publications to assist
him in his research. We found there were common goals in
the research and agreed to combine projects into a collabo-
rative work in the area of computer literacy.

During the school year 1992/93, we communicated
exclusively through email in order to develop a two-part
survey. Based on earlier experience we have developed a
practical way of preparing manuscripts. Essentially, one of
the three authors would draft a part of the text and then send
it to the others for comments. The next in line would make
his own comments and send it to the third who, after
making his improvements, would then return it tothe
original drafter. This iterative process was then repeated
until a satisfactory stage was reached.

Data Collection
There is a number of issues that need to be addressed

when attempting to use computer networks to collect data.
First, size of the survey if the instrument is too long, then
people will not be ready to spend the required time to
answer all questions. This can not only reduce the number
of returns but some of the returns may come back only
partially filledin. Feeling that it would take too long to
complete the full instalment we had developed, we split it
into two parts. In part ow: we requested people to declare if
they wanted to participate in the second part of the survey.
Those who affirmed participation were contacted individu-
ally.

The second issue is related to the distribution of the
instrument and data collection. We decided to use elec-
tronic discussion groups to distribute the instrument. To
eliminate confusion and anxiety, for all parties, when
sending a survey to a large number of lists, we recommend
the following procedures be used (for further technical
details see Mitchell et. al. 1993):
1) subscribe to each list to be used,
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2) send your message with a note to the moderator about
what you are trying to accomplish

3) request that the responses will be scud directly to you,
4) watch for you message to appear on the list,
5) wait a few days to see before you unscribe from the list.

Methodological Issues
There exist important benefits of using computer

networks to collect tf.. data. First, a questionnaire can be
distributed to a specific group of individuals in a short
period of time. Second, returning lengthy questionnaires is
also made easier. And finally, the process of assembling the
data (e.g. into a database) can be easily automatized.

There is, however, a question: "will such an approach
work as a research tool?" The basic problem that was
observed, which is also inherent to all survey research, is the
small rate of return (establishing the true ratio of responses
to the total number of instruments sent is even more
complicated by the fact that one individual may be a
member of several lists and thus counted many times).
Unfortunately there is almost no way to control this factor.
The only possible solution that we see is to use a Delphi
type approach (Mellon, 1997) which we have employed
already in an earlier study (Mitchell & Paprzycki 1993b).
After some time the survey's data is compiled and sent back
to the lists that were used initially (and possibly to addi-
tional, sometimes newly created, lists) with a note that
readers can contact the authors for copies of the survey
report. This procedure can be repeated at certain intervals to
increase the total number of responses collected as well as
to study possible changes in the response patterns.

It has been suggested that using computer network based
surveys is a "scattershot" approach and as such it is not a
very wise approach. However, we would argue that if the
survey is very specific in nature and is directed to groups
likely to be subscribers to the lists used to distribute the
survey, then it is not a "scattershot" survey.

It is also possible to argue that when conductingsurveys
via networks, a poa.ion of the sample population is elimi-
nated. This is a valid comment; many groups cannot be
effectively sampled through electronic lists because few
members of those groups use lists. However, the validity of
this criticism decreases as the number and diversity of
people connected to the networks increases (notice the rapid
growth of Compuserve and other commercial systems that
provide users with acctss to the global computer networks).
For a detailed discussion of the methodology-related issues
see Mitchell et. al. (1993).

Computer Literacy
Previous research indicated that computer literacy

means various things to different people (Duckett, 1992,
1993). To those not formally trained in computer science, it
very often means the ability to use a computer to fill their
needs. On the other hand, some computer science educators
tenaciously hold on to the concept that to be computer
literate you must be able to read and write programs written
in one of the programming languages. To eliminate any
possible conflict that might arise by using the term computer
literacy, we elected, for the purpose of the survey, to use the

following definition based on Duckett (1992):
To be computer literate a person would have comprehensive
skills, knowledge and understanding of computers and their
use as they relate to technical, ethical, social and educa-
tional issues of the day.
As each discipline of study has specialized requirements, a
global definition can extend no fiether than stated above. It
is therefore the responsibility of each discipline to define the
extent of skills, the level of knowledge and understanding of
the use of computers, to be determined by each discipline,
within its sphere of influence (Duckett, 1993).

Research objectives
In conducting this study, we sought to further identify

what states, provinces, and/or countries required teachers to
be computer literate as a requirement for certification. We
also wanted to identify components of a possible computer
literacy course for prospective teachers. To achieve this
goal, a two-part survey was developed. Part one was
designed to collect specific information about computer
literacy requirements in place for teachers upon entering
practice as well as support provided by the colleges to
satisfy these requirements. In part two we attempted to
establish the components contained in the computer literacy
requirements, how people value the importance of these
components, and what they perceive computer literacy
should consist of (contact the authors for a copy of the
surveys).

Results of the survey
The results of this study are divided into two parts,

computer literacy requirements and the nature of computer
literacy education. As in our earlier study (Mitchell &
Paprzycki 1993b), we found that most states do not require
teachers to be computer literate. Only respondents from
Brazil, Puerto Rico, and the states of Indiana, Mississippi,
North Carolina, Tennessee, Utah, Wisconsin, and the
District of Columbia indicated that computer literacy was a
requirement for teacher certification. [We know from other
sources that other states, such as California, also have
computer-related requirements for certification.] The results
also suggest that this area is of limited concern for future
certification processes.

In part two of the study, w: sought to examine the
current emphasis placed on computer education and what
respondents felt the preferred situation should be. Based on
a chisquare analysis, there was a significant difference
between the current and preferred situations for 26 of the 27
questions. These differences lead to the followir.g conclu-
sions:
1) Whenever possible, computers should be ir corporated

into the curriculum and students should bt.. encouraged
to develop the appropriate computer skills. This
indicates that teachers need to have comparable skills
and understand how the computer can be part of the
curriculum.

2) Computer literacy should be a necessary part of the
teacher certification process and should be included in
preservice course work.
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Based on the responses, computer education courses for
pre-service teachers should encompass:
A) a study of the relationship of computers and society,

including a consideration for the ethical use of computer
software (copying, piracy, etc.),

B) a study of common word processing, data base, spread-
sheet, desktop publishing, graphics, and authoring
software packages (but not programming languages!),

C) usage of computei networks and electronic mail,
D) usage of computer as part of the learning process, a

means for measuAng educational outcomes, and the
administrative process,

E) means for evaluating hardware and software.
These results confirm also the need to redefine the term

computer literacy from its original programming basis to a
more user-defined basis.

Conclusions
As society changes so does the iefinition of what it

means to be computer literate. Th data has also indicated
that a serious change in the teacher preparation as far as
computer proficiency is concerned is necessary to meet the
new perception of computer literacy. If teachers are to help
their students better use computers in their daily lives, they
(the teachers) have to be computer literate, and this means
they should have the appropriate skills before entering the
classroom.
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Effects of Quicklime
Multimedia Tools on

Writing Style and Content

Jerry P. Galloway
Indiana University Northwest

This research examines an exploratory use of computer-
driven video multimedia and video combined with word
processing in stimulating the overall quality of students'
written compositions. Multimedia technology provides
additional applications for computer technology and
because of this it is developed and adopted usually with
little practical or timely research on educational conse-
quences. This paper reports research on one of the newest
developments in real-time video.

Background
For the past two decades or so, educators have passion-

ately focused on the preparation of teachers to learn and use
computer technology both for their professional responsi-
bilities and for enhancing the instruction and educational
experience they deliver to students. Issues of computer
literacy content, skills and knowledge over mere awareness,
the role and value of programming, learning with a concep-
tual understanding over mere ritualized procedures and
priorities in administrative leadership have all been debated
and explored in educators' quest to realize the promise of
technology. Educators hoped that with a computer as their
talisman they could magically motivate students, manage
instruction and manipulate their educational programs in
ways never before dreamed.

In retrospect, it seems that the technology itself,
although impressive in many ways compared with non-
technological methods, was nevertheless a critical limita-
tion. The speed was never quite fast enough, the memory
was never enough, the display formats were never realistic
enough, the various devices were never compatible enough,
etc. Today, new developments in speed, memory, video,
especially the style and quality of the user-interface
(computing environment) and available software have all
made significant advancements that can help teachers get
closer to those technological and pedagogical ideals.
However, the promise of improved results provided by the
miracles of computer technology often seems more elusive
than ever before. This is especially so today as technology
advances faster than our ability to master its use.

Suhor (1989) made predictions about technological
developments and computer applications in teaching
English in this decade. Suhor predicted general computer
applications in teaching writing composition. However,
while also covering everything from calculating technolo-
gies and desktop publishing to critical thinking software and
video developments, nothing of today's computerized real-
time video movie clips commonly found on CD-ROM and
videodisc was mentioned at all.

For many researchers, this late 80's insight may be
considered very recent and close to the cutting edge of what
should be a currently unfolding reality. In our technological
lives however, while the late 80's might not be ancient
history, insights were far short of the quickly changing
world we actually experience. There is pressure on
researchers to examine changes and so-called advancements
in technologies with direct applications in education in a
timely fashion. Today's multimedia has further exacerbated
this problematic challenge and existing knowledge is clearly

94 Technology and Teacher Education Annual 1994 1 0



insufficient for making intelligent and informed decisions
about how best to use most of the newest technological
advancements.

There are really very few examples of recent literature gn
video specifically related to writing composition. Most
involve videotape, a comparatively older technology, with
very little on digitized software or laserdisc media. Gano
(1987) discusses a wide variety of video-based multimedia
technology. He focuses on technology available to the
general public rather than on any educational applications.
Nevertheless, this is still useful for educators interested in the
use of multimedia even though Gano mentions writing only
as another form of self-expression. He never addresses the
use of video in writing composition

Barr (1986) did employ video material in educational
situations using film to motivate remedial students to read
and write. There was no examination of the actual effect of
the movies on the students other than the increased motiva-
tion to participate in reading/writing activities. Due to
disruptive behavior, Barr recommends that video (film) not
be employed in remedial classes until students adjust to the
lab environment and demonstrate the ability to work indepen-
dently. However, he also pointed out how video can provide
a large variety of topics on which to write.

Maginnis (1987) casually mentions the successful use of
captioned videos in writing activities. Referring mainly to
captioned videos presented on videotape cassettes, he states
that "summaries, critical reviews and story maps" (p. 3), as
composition activities, are easily developed around video
presentations. This, at !east, describes the use of video as a
kind of prompt to generate the content for writing. Kelly and
Nolan (1987) used video tape to generate writing topics for
both deaf and hearing students. The focus of the study,
however, had nothing to do with the use of video itself and
instead focused on technical differences between deaf and
hearing students' writing methodologies. While they
document an example of using video to prompt writing
topics, it is yet another case where the effects of video on
learning were not examined.

One of the newest developments in multimedia is
Quick Time for Macintosh computers which is a real-time
video presentation application (software) that can present
synchronized sound and video clips from CD-ROM or disk.
This tool is likely to prove quite useful in computer applica-
tions in many areas of education. However, there is virtually
no research examining educational consequences of using
Quick Time in different disciplines. Galbreath (1992)
provides an article on video tools, including Quick Time, but
did not include any reference to applications in teaching
writing. He instead addresses technical characteristics of
compression ratios, display and storage.

Now as we reach the end of the century multimedia is
continuing to expand and develop rapidly. Still, research,
critical reviews and innovative ideas on using multimedia in
teaching, are seriously lacking. Halio (1993) has specifically
addressed the need for research on the use of multimedia in
teaching writing saying, "...it's time to pause and examine
how writing changes when multimedia adds new complexity
to the process and to the product." (p. 80). She questions the

value of current uses of multimedia as a tool for writing and
outlines a variety of concerns that need to be addressed.
These concerns include how students must possess techno-
logical skills as well as the high-level linguistic and verbal
fluency, traditionally part of good writing. Her notions for
using technology in the writing process addressed primarily
the inclusion of video by the student to tell the story rather
than as a prompt to stimulate or guide the actual process and
content of composition. Although she acknowledges
increased enthusiasm from her students, she questions
whether the actual content is indeed improved by multime-
dia or even worth the time and effort needed to master its
use.

These concerns point out the need for timely research on
the latest developments in multimedia. This study attempts ..
to address this challenge by exploring the results of using the
multimedia video tool, QuickTime, in writing composition
activities.

Methodology
During the spring 1993 semester of a Midwestern

university, in a Macintosh computer lab equipped with word
processing and QuickTime, 73 computing students in six
sections were asked to write a personal composition on a
given topic. Two video clips that related to the writing topic
were presented on-screen to subjects, superimposed on their
word processing work areas. With a simple click of the
mouse, the video movie clip can be played in small
window which appears on the screen. The video subject
matter, stored on CD-ROM, included a serious clip of
approximately 8.5 seconds and a frivolous and humorous
clip of approximately 23 seconds. Each presented a
complete idea related to the writing assignment. It was very
easy for subjects to, with a click of the mouse, move back
and forth between their word processing screen and the
video window.

Subjects were part of a beginning computing course for
preservice teachers and had been trained on the use of
database, spreadsheet and graphics software. Students had,
in particular, been trained on using the word processor with
which they wrote their compositions.

The writing process was broken into two sessions,
composing and revising with a generic problem solving
activity used between writing periods as a distractor. The
distractor activity was subject-neutral and did not involve
the use of the computer, multimedia, or video in any form.

Treatments varied for all six groups of subjects which
were randomly assigned to the six treatments. Three
categories: (a) exposure at only the composing stage, (b)
exp.,:ure at only the revision stage, (c) exposure at both
stages, were each administered either as single play expo-
sure, viewing each video clip only once at the assigned
writing stage(s); or multi-play exposure, viewing each video
clip as much as.fiesired during the writing stage(s).

The compositions were blind scored on the subjects'
response to video content and the number and management
of idea units with the dependent measure being a holistic
rating (4=Excellent, 3=Good, 2=Fair, 1=Poor) adapted from
Cooper (1977). The factors affecting the standards of
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excellence applied in this study can be described as follows.
Regarding excellence in the subject's persuasive style

and voice, content would show a high &Tree of sincerity
and conviction. There would be a strong vividness or clarity
in the ideas presented and a high degree of individualiza-
tion. A poor performance would be ambiguous and
confusing. The tas!- of persuasion would not be fulfilled.

Regarding an excellent organization of content, the
essay would be clearly organized and focused. The ideas
would flow logically from beginning to end with main
points elaborated or explained through the use of specific
details or reasons. A poor performance would show little or
no evidence of a logical plan or focus. Ideas would not be
developed or explained.

Regarding an excellent, overall command of the
language, sentences must be correctly written and display
variety. The writing must read smoothly from sentence to
sentence with no run-

together sentences or fragments. Clear, precise word
choices are important with few if any errors in grammar,
spelling, usage or mechanics. A poor performance would
likely contain many errors in structure, with little or no
variety. Word choices would be limited or unsuitable with
many errors in grammar, usage, or mechanics.

Ratings were analyzed in a one-way analysis of variance
with the between group factors being the video exposure
treatment. A survey of all subjects was conducted upon
completion of the writing exercise. The data collected
included the number of times the videos were actually
played (only once each in the "single-play" of course),
which video was viewed as most helpful in the writing
process and subjects' attitudes about the use of videos in
general to prompt content for writing.

Results and Discussion
Results of the one-way ANOVA showed that a signifi-

cant difference existed between treamient goups and
writing performance (F =3.28, df =5172, p <.01). The
Scheffe's test of multiple comparisons was used to deter-

mine the means between which the significant difference
existed. See Table 1. Results indicated that subjects who
viewed the two video clips only once each during both
composing and revising their compositions performed
significantly better on the holistic writing scales than did the
subjects in any of the other five treatment groups.

Subjects, in general, failed to make extensive use of the
video in their writing and essays were not significantly
developed. This could be attributable to the limited scope
and duration of the video clips. The videos were so brief
that they did not provide much material beyond the initial
topic presentation with little if any detail. This called for
greater imagination on the part of the writers yet they were
not students enrolled in an English or composition class.
They were educational computing students and this could
have affected their tendency to write smaller or more limited
compositions.

Subjects seemed to enjoy using the videos and they
found the technology very interesting. The serious video
clip was consistently judged across all groups to be the most
helpful to the writing task in spite of being approximately 1/
3 the length of the humorous clip. Interestingly, the number
of times subjects chose to play each clip in the multi-play
sessions was virtually identical between the two clips.

The survey data also showed that the majority of
subjects expressed the opinion that the videos were ex-
tremely easy and fun to use. This was true across all groups
regardless of the treatment involved. Similarly, most
everyone, without regard to treatment agreed with the
notion that the videos were very useful in contributing to the
writing task and expressed the strong desire to include
multimedia video prompts in future writing tasks.

This study is an exploratory examination of the
application of very new technology and results should only
be accepted cautiously. One group performed significantly
better - the single play at each stage of writing. It seems that
the video intervention can have a better effect when
included at each stage of writing rather than at only one. It
may be that multiple plays of the video functions as a
distraction rather than a positive contribution for generating

Table 1
Wdtten composition rating results by group

Multi-Play
Mean*

Single-Play
Mean*

Compose Only 13 2.538 11 2.545

Revise Only 14 2.571 8 2.125

Both Compose and Revise 12 2.833 15 3.200**

* 4 = Excellent, 3 = Good, 2 = Fair, 1 = Poor
** Scheffe's test of multiple comparisons: ( F = 3.28, df = 5/72, p < .01 )
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ideas. Students may tend to play the video clips more
simply because of the novelty of the multimedia technology
instead of using that exposure for developing their ideas.

These video clips were very limited in scope and were
very brief when compared with tape or film counterparts.
Because digitized video and audio files take up so much
space when stored on disk, short videos will more likely be
the case unless everyone has access to CD-ROM simulta-
neously.

Although these results are significant, conclusions are
tentative and serve best to suggest further research in
applied multimedia. This author has found no research to
suggest whether or not a group presentation of video prompt
is better than providing each individual student with their
own on-screen video presentation and control. Certainly,
however, group presentation would allow laserdisc or
videotape material to be presented and discussed with only a
single player. On the other hand, remember that Quick Time
is readily available software and does not require the special
hardware or expense found in other video technology. And,
since writing can be a very personal task, the freedom of
individual conwol may be quite preferable to the highly
structured, group approach.

Some things are clear. Students were motivated and
interested by the inclusion of multimedia video prompts.
They found it helptul, fun and desirable. More extensive
examination of and the experimental use of multimedia
video/audio in writing and other tasks is highly warranted.
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The strategies children use to solve problem' have been
described in detail in the past decade (McKinney, 1972;
McKinney & Haskins, 1980; Resnick & Glaser, 1976).
Understanding the cognitive processes involved in problem-
solving tasks may lead to a better understanding of how
information is integrated and manipulated by the student.
Researchers have focused on investigating the cognitive
processes involved in these tasks. They have hypothesized,
grouped, and labeled specific behaviors to document
cognitive strengths and deficiencies.

These processes have also been explored to substantiate
theories that students who are academically at-risk either
lack or fail to use the same cognitive processes as their
peers. Deficiencies have been found in low achieving
students on metacognitive performances when compared
with normally achieving peers. Consequently, it is likely
that cognitive deficiencies contribute to the problems that
low achieving students experience with problem-solving
activities.

The cognitive skills related to defining and solving
problems have long been used to evaluate tasks on the
computer (Gagne, 1982). A conceptual framework that
identifies and classifies specific cognitive and critical
thinking skills has been created to better analyze software
programs (Cradler, 1985). Higher level thinking skills,
particularly problem solving tasks, are easily controlled with
the computer. Not only answers, but also the steps used to
achieve an answer, may be recorded. Tasks may be
adjusted to the level of difficulty required by the student.
Programs may be written on any subject and problem-
solving tasks may cut across academic disciplines. In other
words, problm-solving programs "constantly evaluate
student performances while selectively altering different
features of the environment, curriculum, or instructional
conditions" (Carlson & Silverman, 1986, P. 106).

In addition to being a good problem-solving tool, the
computer has many other advantages. As an assessment
measure, the computer accurately records responses,
controls the testing environment, adds impartiality and may
capture the interest of the student to add an incentive or
motivating factor (Greenfield, 1984). The computer,
therefore, is a logical tool to use to assess these cognitive
skills. The present study was completed in order to more
specifically examine possible areas of deficiencies or
strengths in problem-solving abilities of students academi-
cally at-risk. Using the computer as an assessment tool, it
measured the performances of at-risk students based on
teacher identification and problem-solving tasks. Field
notes written by college tutors participating in this study
were analyzed for insights into student performances. The
children stuCed were part of the 5thDimension, an after-
school program to supplement daily education which mixes
activities of affiliation, play, study, peer work, and theoriz-
ing through the use of computers (Nicolopoulou & Cole,
1991). Through this framework, researchers study educa-
tion environments from formative experiments on technolo-
gies that create different organizations (Newman, 1990).
This study was completed to answer the following ques-
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tions: 1) Can the micrcx.omputer equalize deficits and aid
the student who has problems with traditional teaching and
testing environments? and 2) Can the computer give
educational researchers an insight into the social environ-
ment as an integral part of the process of cognitive change?

Method
Subjects

The at-risk students in this study were selected from a
total population of 56 students participating in an after
school program at an elementary school serving students
from grades kindergarten through 8th. Two of the four
students (TJ and IN) were receiving Chapter 1 reading
services. These students qualified for this program by their
school district following state and federal guidelines for
Chapter 1 reading. These guidelines requited below grade
reading performance in the classroom and 49 percentile or
below on the reading achievement test. These two students
were in the 2nd and 3rd grades; one female and one male.
The ethnic composition of this group was 100% Caucasian.

One student (AC) was classified as learning disabled
using district and state guidelines. These guidelines require
a severe discrepancy between achievement and potential
using a standard score difference of 15 points or greater.
She was a Caucasian female in the 2nd grade.

The final student (DW) was labeled as Willie M. This is
a classification in North Carolina for children with emo-
tional, mental, or neurological handicaps who are highly
violent or assaultive. The majority have educational
achievement deficits in comparison to their ability. He was
a Caucasian male in the 5th grade.

Tutors
The tutors in this program, two males and two females,

were completing a field experience for an undergraduate
college level course, Introduction to Teaching. The
majority of the time the same tutor would work with the
same assigned student. These undergraduates provided a
critical mass of socialized participants willing to abide by
the rules of the after school system. They were admired by
the children, providing role models not only in terms of
social behavior but in terms of literacy and problem-solving
skills (Blanton, 1992).

Instrumentation
Field notes written by tutors on students, teaching

methods, interactions, games and outcomes were sent on
electronic mail to the cooperating professor to encourage
reflection and shared inquiry into experiences as part of a
teacher project. The instructions for these field notes were
as follows:

Concentrate on describing the interaction between you
and the child(ren) as accurately and thoughOdly as your
can. Just reflect back on what went on at the site, how you
interacted with each other. Be sure to note how you and the
child(ren) arrived at a specific activity, what their reaction
was to the activity, and what difficulties or problems they
encountered when dealing with the game. Pay close
attention to dialogue, language ii.se and strategies the

child(ren) attend to during the course of the game. Remem-
ber that negative instances and ways the interaction breaks
down, or misunderstandings about the games are as
interesting as positive instances; in fact, they are very
informative when we try to understand what goes on during
the positive instances.

Procedures
Students involved in this study and the 5thDimension

were presented with a set of shared rules and customs which
had been collated in a constitution. This constitution
included directions for getting started, and special things to
remember, and could be amended by agreement of the
community. The students followed a maze on a sheet of
paper which listed computer programs to choose from, a
journey log to keep a record of activities, dates, and
progression of beginning, good, and expert. The students
were also required to write to the Golem (an imaginary
person) about their progress.

Results
Student Use of Games

TJ played computer games ten times using six different
games during a 6-week period. She wrote to Golem twice,
wrote to a Russian pen pal once, and played a non-computer
game, Othello, twice.

AC wrote a Russian pen pal twice, played a non-
computer game, Othello, twice, and refused to write to
Golem. She played computer games five times using four
different games during a 6-week period.

JN used five different computer games using them six
times. He wrote three letters to Golem and played a non-
computer game once over a 4-week.period.

DW wrote Golem once, played one computer program,
and played one non-computer game over a 2-week period.

Specific games played and comments made by tutors
were recorded in field notes.

Field Notes
The following are brief summaries of field notes written

by tutors. TJ was referred to with terms such as persever-
ance and learned apathy. TT's tutor began identifying with
TJ and wrote that the two of them matched perfectly
because they were both: shy, didn't like to be observed,
would rather do their own thing, are left-handed, neither
knows anything about computers, had trouble with attention
and reading in the first and second grades, and hated reading
aloud. The tutor began encouraging TJ to keep a diary of
notes on games as a backup to her memory. TJ began
internalizing rules and correcting herself. She also began
correcting her tutor on computer games. TJ kept playing
familiar games, slowly adding onto her repertoire. The tutor
also questioned the idea that TJ was labeled as a"trouble
maker" and that this label may be encouraging inappropri-
ate behaviors.

The tutor working with AC was nervous. She reported
in her final field notes that she had no "earthly idea that my
child was an LD student" until the end of the semester. She
also wrote that "with the proper atmosphere LD studelits
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can flourish just as much, if not more so, than typical
students." She reported the feeling of "awesome" power
and responsibility when working with AC and warned
others not to let prior knowledge limit expectations of
students because you, as the teacher, could limit your
students.

Communication was seen as an initial problem between
JN and his tutor. The tutor wrote, "Effective communica-
tion is one of the most important skills a teacher must
understand and use". The tutor wrote about the need to
supply some extrinsic motivation, but that every child is
different and learns a little bit differently.

DW did not work with a tutor more than two times, yet
there was still an improvement seen between field notes on
both game performance and attitude.

Discussion and Implications
The results of this investigation support the contention

that students academically at-risk can perform successfully
on computer activities. It is too soon to note long term
attainment from successful performances within this study.
Other 5thDimension Projects, however, have been in place
since 1987 and have shown long term accomplishments.
The answer to research question #1 is yes, the computer has
the potential of aiding the student who has problems in the
traditional educational setting. Some measure of success
was shown by all four at-risk students. It is too early to tell
whether the computer can give educational researchers an
insight into the social environment as an integral part of the
process of cognitive change. The results of this study,
however, were very promising in this area.

Several theories may help explain the success of all four
at-risk students in this study. The first may deal with the
computer as an active versus passive tool. Unlike passive
technologies such as television, computers require the user
to make choices, view the consequences immediately and
receive timely feedback (Mann, 1989). In the
5thDimension, students are experiencing an increased
quantity and quality of time on task by the active, voluntary,
engagement of children motivated by the tasks themselves
(Cole, Quan, & Woodbridge, 1992). The key word
voluntary, creates an atmosphere where the students are
choosing to participate. Instead of the teacher telling the
students what they will be doing next, voluntary adds the
responsibility of performing onto the students.

This program also mixes academic learning and play
which may enhance participation and should be noted by
educators. The basis for the creation of the 5thDimension
program was the Vygotskian perspective that the formation
of the mind is a sociocultural process that may be completed
only by situating individual development in its socio-
cultural context (Nicolopoulou & Cole, 1991). This
generation and transmission of shared knowledge may not
exist as a passive interaction, thus in setting up a learning
situation in this manner, you are setting the child up for
active learning.

A second rationale for success may be that computers
make up for the deficits of students in the typical classroom.
Computers may enable educators to match academic tasks

with the learning preferences of academically at-risk
students (Carbo, Dunn, & Dunn, 1989). The computer has
been successful as a viable alternative to providing the kind
of educational experiences that at-risk students need to
complete academic tasks (DeVillar & Faltis, 1991).

Finally, one may gain a better understanding of the
success found by these at-risk students by reviewing the
literature on achievement goal theory. There are predomi-
nately two motivational orientations among students:
learning-focused and ability-focused (Ames, 1987; Dweck
& Leggett, 1986; Nicholls, Cobb, Wood, Yackel, &
Patashnick, 1990). Learning-focused students are motivated
by acquiring the necessary skills and problem-solving skills
necessary to understand and complete the task at hand. In
contrast, ability-focused students are interested in competi-
tion and are concerned about their ability compared to other
students. When we observe at-risk students contradicting
their stereotypical qualities, such as the use of self correc-
tion, what we may be seeing is a switch in goals and
motivation and thus, a switch in performance. With TJ, we
saw a switch from ability-focused performances to learning-
focused skills such as monitoring comprehension, connect-
ing new information with prior knowledge, and discriminat-
ing important from unimportant information (Ames &
Archer, 1988).

The goal may identify how we can make school tasks
more interactive, fit learning styles, and be more intrinsi-
cally rewarding. For years we have isolated computer tasks
to rewards or to reinforcement of skills taught in class. Few
teachers take the time to facilitate computer use or require
that computers be used as tools to accomplish lesson-related
tasks (Smith, 1989). Even though we have seen perfor-
mances on computers between groups of non-at-risk and at-
risk students fall within a common range (Zimmerman,
1988), we continue exploring very limited ways of using the
computer to equalize deficits and aid the student who has
problems with traditional teaching and testing environments

At-risk students and students with learning disabilities
may be slower at performing tasks on the computer, but
from the performances in this study, we have seen only
successes, not great differences between students. It is
interesting to note that the tutors in this study, who were
teaching novices, were experiencing and reflecting on
successes in teaching and learning in ways that traditional
methods of education are not grasping. The role of the
computer in education for all students must be that of
providing enrichment-based, discovery-oriented learning
opportunities. With the use of this technology for instruc-
tional purposes, the gap of existing disparities in academic
achievement between groups may be closed.
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The personal computer has evolved from a sophisticated
expensive instrument for research to a relatively inexpen-
sive, multi-purpose teaching tool. Teachers are becoming
more and more comfortable with the computer as a tool and
less fearful of it as a robotic replacement for a human
teacher. They are endeavoring to explore its potential as an
alternative teaching strategy in the classroom. Its value in
the science and mathematics classroom is well researched
and documented. However, its integration into a creative
writing program as a teaching tool seems to have untapped
possibilities.

Most professional writers and journalists use word
processing exclusively without need for paper and pencil.
Can young children who are just beginning to write
creatively compose as well using a computer as they do
using conventional means? Yau (1991), in a study involv-
ing elementary students, stated that if the full realization of
word processing potential is to be achieved the following
conditions should be met:

(1.) A teacher must be actively involved in the
process both as instructor and facilitator;
(2.) The word processor should be employed in
conjunction with, rather than in place of the other
writing tools;
(3.) Teachers and students should have enough
access to computers and printers to ensure that the
word processor can be fully integrated into writing
classes; and,
(4.) Teachers need to be supported and facilitated.
(1). 19)
Bryson (1986), in a study of eighth grade students,

indicated that the "talented students, without the concomi-
tant distraction of editing while composing on the computer,
created valuable content in their preliminary drafts and then
significantly improved their texts through global revisions.
However, results suggested that the provision of word
processors benefited neither the writing processes.nor
products of the average students" (p. 16). On the other
hand, Larter, Braganca, and Rukavina (1987) reported that
for elementary school children, particularly in primary
grades, using microcomputers increased and improved their
writing. Further findings indicated the writing process with
microcomputers differed from the traditional process of
writing. This research project was completed using few
computers and students from the first, third, and sixth
grades. Moore (1989) reported that a pilot program in a
fourth grade class indicated students using word processors
significantly improved the quality of their writings.

Most of the research reviewed involved upper elemen-
tary to young adult students. The present study was
performed using third grade students in a self-contained
classroom, which in itself presented problems not present in
a situation in which the teacher is responsible for only a
single subject. On the other hand, the self-contained
environment allowed for integration of reading/writing
skills into other areas as well. Although younger children do
not have the life experience to draw upon, they are less
inhibited about writing and using their imaginations.
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Methods
In conjunction with efforts to encourage pre-service

teachers and elementary education majors at both Southeast-
ern Louisiana University and the University of South
Alabama to engage in productive research, become consum-
ers of research, and learn constructive uses for the micro-
computer in the elementary classroom, the following
research study was initiated. Throughout the preparation
and field trials of the research, student teachers were
involved in the construction of an evaluation instrument, in
the actual grading of student responses and in the observa-
tion of both writing processes in the classroom. Their input
and criticisms were solicited by their methods' instructors,
university supervisor, and inservice teacher throughout the
study Students at Southeastern Louisiana University and
the University of South Alabama take a required course in
the use of microcomputers in the classroom. The software
being used in the experiment was tested in those classes.

The subjects in this three-year study were third grade
students attending a public school in a large urban center in
southwest Alabama. The students represented a range of
intellectual abilities and socioeconomic levels. The class
was predominantly Caucasian and male, taught by one
teacher in a self-contained classroom. Students were
assigned a number to maintain anonymity.

The students in the first year used their English text-
books for story starters. In the second and third years, the
textbook was not the exclusive source of the story starters.
Normal classroom instruction was used for this section of
the research. Students received from their classroom
teacher approximately six weeks of vaining (mainly in
keyboarding skills) on IBM computers using Primary
Editor Plus, a simple word processing program. All
computers were networked and attached to a printer. After
the training, students were allowed to write compositions
again using story starters. Typically, the same amount of
time used to write the compositions in class (a thirty-minute
time block) was allowed for writing the compositions in the
computer lab. Although later efforts were made to maintain
some uniformity in subject matter, it was not always
possible to use the same topics for the computer generated
material as for the hand work. .

In the third year an additional teacher was used in the
study. This teacher had an Apple He computer and allowed
students to write compositions as time permitted. The word
processing program used was Word Handler. The composi-
tion of this classroom was similar to the other in size, racial
and gender mix, socioeconomic levels, and intellectual
abilities. As close as possible, children were given the same
amount of time to complete each writing.

Review was done by an independent panel of classroom
teachers and the two researchers. Quality, length of the
story, spelling, and grammatical errors were monitored but
no numerical value was assigned to each of the writings.

Format for Assessing Compositions
All papers, both handwritten and computer-generated,

1

were reviewed by independent readers (university instruc-
tors and student teachers) who used the following criteria:
originality, grammar and syntax, spelling, neatness, length
of the compositions, and completeness of thoughts ex-
pressed. Both in the pilot study and in the follow-up,
evaluation was done subjectively. Students and student
teachers have been working on an evaluation instrument
which when validated will be used for the next student
submissions.

Criteria for Evaluation:
1. Originality 5 pts. 2. Grammar & Syntax 5 pts.
3. Spelling & Punctuation 5 pts. 4. Neatness 5 pts.
5. Length 5 pts. 6. Completeness of

Thoughts Expressed 5 pts.
7. Clarity and Coherence 5 pts. 8. Use of Abstract

Concepts 5 pts.
9. Ability to Make Assumptions & Integrate Information 5 pts.
10. Legibility 5 pts.

Teacher Influence:
I. Guidance Throughout Exercise -5 pts. 2. Minimal or No

Guidance from Teacher 5 pts.
3. Pre-writing Teacher Input

a. Grammar and Spelling Instruction 3 pts.
b. Use of Story Starters -3 pts.

Variables:
1. Intelligence level of students within context of grade level;
2. Language of Instruction;
3. "Editorial Opportunities" (do they edit own or other work?);
4. Level of Writing Skill
5. Penmanship
6. Physical/logistic Limitations:

a. Time allowed for exercise
b. Context of written exercise (class assignment?)
c. Classroom environment

Results
Preliminary observations revealed: the handwritten

submissions were significantly and consistently longer than
word processed versions ( sample is provided at the end of
this paper); there were more punctuation errors in the
computer reports; spontaneous writings, in the computer
lab, appeared less creative and demonstrated less imagina-
tion than those from "story-starter" texts, used in the
classroom.

In the second year review, much the same result was
evident. The handwritten work appeared better organized,
was longer, and seemed to better express what the child was
thinking. The computer-generated writing appeared stilted,
was brief to the point of insignificance, and had only one
point of superiority: neatness. The third year is currently
being completed.

Implications
Generally the results from this pilot study are compa-

rable to previously reported studies (Yau, 1991, Bryson.
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1986). This study does not support the findings of Larter, et
al.; Moore; and Hoot and Limier. We must, however,
consider the variables and distinctions which set this study
apart such things as age and intellectual level of students,
and learning environment.

Implications for future research include: objectivity in
scoring written compositions, consistency in instruction for
both treatments, development of an evaluation instrument to
be used by the teacher to determine the effectiveness of the
computer as a teaching tool, and inves4ation of the child's
ability to develop abstract concepts in composing on a
mechanical device.
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1

In the well known musical The Music Man, the main
character, Harold Hill, begins the story by proclaiming
"There's trouble in River City." In the same vein, but far
more seriously, David Byrum, Cyndy Cashman, and Phyllis
McCraw begin this section on concepts and procedures by
sounding an alarm. In The Educational Computing
Backlash, the authors argue that the technology revolution
has failed to eradicate the problems of the schools, and they
identify a series of four factors for the failure: (a) resistance
to change; (b) lack of results; (c) inappropriate use of
technology; and (d) what they call the magic factor, the
claim that computers are "somehow essential to preparing
students for the future". They argue that not all schools
have or will have access to the latest technology, and that
more should be done to make good use of "trailing edge
technology". Further, they make a strong case for reason-
able, not inflated, expectations of what educational technol-
ogy can or wi.1 accomplish. Finally, the authors call upon
pre-service urn ,ersity faculty to model the effective use of
technology in th . classroom.

Despite the a, vm sounded by the lead paper, there are
successful Implem 'mations of instructional technology.
Four papers identify such techniques. The first, by Evelyn
M. Dailey of Towson ta.te University, entitled Integrating
Cooperative Learning, Word Processing and the Writing
Process, describes a convolled study contrasting two groups
of thirty students each, with one group engaging in coopera-
tive writing, and the control group using traditional rneth-
ods. Dailey found statistically significant differences
between the experimental and control groups at the drafting
and revising stages of writing, but found no such differences
during the planning stage. ..

Henry Kepner, Jr. describes a National Science Founda-
tion funded in-service training project designed to integrate
technology into the math and science curricula. Teacher
Teams Integrating Technology into the Mathematics/
Science Curriculum provides an overview of this three-year
program, and identifies factors that led to successful
implementation in the classroom.

In What Makes an Effective Computer Projected
Presentation? Suggestions from the Audience, Donald
Grandgenett, Neal Grandgenett, and Neal Topp acknowl-
edge the impact that such presentations may have. But they
argue that the mark is often missed because of failures or
omissions of the presenter, the structure of the presentation,
the environment, or the equipment. They present a series of
suggestions to reduce the probability of presentation failure.

The Network University Lectures Concept by Franz
Steinparz reflects upon the potential of distance learning
courses, disseminated over computer networks. Steinparz
identifies a weakness in current software to provide smooth
integration of CAI and electronic communication functions,
and suggests the development of a smart communication
system that automatically directs student queries to the
appropriate instructor.

Three papers deal with pre-service teacher preparation.
The first, NCATE Standards and Technology Education, by
Trudy Abramson, abstracts the section of he standards that

Concepts and Procedures 105



a

pertain to technology.
In A Model for Using Anchored Instruction in

Preservice Educational Technology Classes, Jeffrey Bauer,
Eric Ellefsen, and Adele Hall stress the importance of
creating "an anchor or focus around which instruction can
take place." They present examples of how thematic
software such as Oregon Trail is used in their courses to
encourage future teachers to develop classroom projects
incorporating computer applications such as word process-
ing, drawing, spreadsheet manipulation, optical scanning,
desktop publishing, hypercard stacks, and presentation
graphics.

Also using anchored instructional techniques, Dave
Edyburn, Herbert Rieth, and Linda Bishop describe their
federally-funded Technology Enhancement Teacher
Training (TETI) project. They detail the features of
Teaching Assistant, a multimedia shell software package
they have designed. Teaching Assistant provides teachers
with a software toolkit incorporating multimedia, word
processing, database, spreadsheet, telecommunications,
graphing/drawing, desktop publishing, and presentation
tools, all in a single integrated package.

Cheryl Murphy describes five software tools in three
general areas, (a) CAI authoring tools, (b) presentation
tools, and (c) concept mapping tools, and shows how these
can be effectively integrated into university-level education
courses. In her paper, Five Practical Examples of Software
Integration in University Level Courses, she provides
concrete examples of how these general tools can be utilized
in a variety of settings.

The remaining four papers are somewhat more difficult
to categorize. In Curriculum-based Single Switch Applica-
tions, Edward Burns describes how technology can be
adapted to the needs of cognitively able students with severe
communications handicaps.

Gary Schroeder's Implementing Information Systems in
Colleges of Education: Narrowing the Gap Between Theory
and Practice describes the design and implementation of an
information system in a university education department.

Jerry Price and Jerry Willis cover the basics of produc-
ing a locally-developed CD-ROM that can be read by
Macintosh or LBM computers in their paper,Creating Your
Own CD-ROM: An Overview.

Finally, Building Faculty: Reflective Decision-Making
and Developing a Faculty Kiosk reports on the positive
effects that the decision to design an interactive kiosk had
upon a university education department.
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The Educational
Computing Backlash

David C. Byrum
Southwest Texas State University

Cyndy Cashman
Emporia State University

Phyllis McCraw
University of Southern Indiana

Beyond the fact that a great deal is being lost and
squeezed out of the curriculum in the attempt the computer-
ize it, and beyond the fact that the computer revolution in
the classrooms is serving the pu ,)oses of one part of the
culture which is trying to dominate the rest, what a trernen-
dous distraction this revolution has turned out to be. In the
meantime, what has now become a litany of educational
problems still exists. Some of these, like declining literacy
and increasing dropout rates, are getting worse. In the end
the problem is not merely that the prophets like Papert are
proving to be false, or that the movement they have
promoted has proven to be a great distraction: this move-
ment has also placed a great burden on educators who are
having enough trouble mastering the system as it now
stands. (Dublin, 1989, pp. 205-206)

There is a technology backlash in America that has
extended itself to the use of computers in education.
Positive reports have turned into negative stories of how
computers have been misused by technologically illiterate
teachers and the message is about the failures of computers
to make any significant changes in education. Consider the
headline, "The Revolution That Fizzled" (Elmer-Dewitt,
1991). This headline is just one example of the negative
references to computers in education found in recent media
reports. As Maddux, Johnson, & Willis (1992) contend,
much of this negative publicity can be attributed to the
"pendulum syndrome" in which new innovations are subject
to unrealistic expectations, followed by. disappointment, and
ultimately abandonment. Dublin (1989) contends that
education is especially susceptible to faddism and outside
forces, "When one hears talk of imminent revolutions in our
education system, it is important to bear in mind that, next
to the military, perhaps no other part of our culture is as
susceptible to becoming the subject of propaganda as is our
education system" (p. 174-175).

Are there other reasons for this backlash? This paper
will look at several reasons why the authors feel there is a
backlash on computers in education. Several of the reasons
this paper will expand upon are: (a) resistancc to change in
schools; (b) over-commercialization and the 'magic factor':
(c) lack of results; and (d) inappropriate use of technology.

Resistance to Change in Schools
In an article by Arthur Luehrmann (1990) in The School

Administrator, Luehrmann expressed skepticism that
educational technology will bring any fundamental change
in schools. Luehrmann quotes Michael Krist, an expert on
educational change, "If your great grandmother came back
to visit a classroom today, she would recognize almost
everything. In the last hundred years, the only classroom
innovation that has taken root is the moveable desk"(p. 14).
Even when change has taken place and technology has been
purchased, it has often been for all the wrong reasons as
discussed later in the paper.

Hannafin and Savenye (1993) believe that a large part of
the lack of technology usage in schools i the resistance of
teachers to take on a new role. With this shift of roles in
which technology would play a large part, much of the
responsibility of learning moves to the student. Hannafin
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and Savenye explain that the teacher's role can be viewed
.on a continuum. At one end, is the role of traditional lecturer
and imparter of knowledge and generally embraces the
objectivist point of view. At the other end, the teacher takes
on the role of coach, observer, and facilitator which is based
on a constructivism viewpoint. Many teachers use low-
level activities because they can control the instruction
which coincides with their view of learning while other
teachers use computers to facilitate open-ended or problem-
solving environments in which the teacher must relinquish
some control.

Making this change even more difficult contend
Hannafin and Savenye (1993), is the fact that schools
(teachers) behave in accordance with the norms and
expectations of the society at large. Teachers have been
expected by society to control the class and any innovation
in which students control their own learning is bound to fail.
Society holds collective views about the student-teacher
relationship. This belief is that knowledge is imparted from
the teacher to the learner and this belief may hinder any
teacher from straying too far from the norm. Thus lies the
contradiction, "While on one hand, society supports the
rapid and complete implementation of microcomputers in
education, it may, on the other hand, resist certain uses of
computers" (p. 29).

While many believe teacher resistance is the main cause
of limited computer use, others feel this has little to do with
the problem. Rather the concern is with the management of
technology by school administrators. It is common
knowledge in many school districts (McCraw, 1993) that
the schools that have technology and are using it success-
fully are those in which there is an actively interested
administrator.

Too often teachers are tasked with making technology a
viable part of their instructional strategies but given no tools
to make that happen. The following information was
revealed in a case study (McCraw, 1993) conducted in a
southwestern rural school district. Teachers were intro-
duced to computers in the early 1980s but had no back-
ground or training to make them a credible part of their
instruction. Yet, they tried until 1992 to implement the
mandate of school board, administrators, and patrons of
their school to make some sense of the technology that was
provided to them. The result of the study indicated:
1. Teachers were expected to learn to use computers on their

own time without any guidance, or remuneration for

their efforts.
2. Hardware and software were inadequate to be used for

instruction or even as a teacher tool.
3. Administrators had influenced the uninformed school

board to purchase equipment without providing any
funding for teacher training or demanding any account-
ability for their use.

4. Technology wal; acquired without a plan, often hy grant
writing which provided incompatible equipment with a
confusion of formats, disk size, and machine types.

5. Assorted teachers who became interested in technology
were actually "gatekeepers" to the technology instead of
acting as re, durces for other teachers in the school.

Lack of Results
With much of the public today demanding results from

both government and education, it is no wonder that a
skeptical eye is turned towards the established benefits of
computers in the schools. To the layman, such articles as
"The Revolution That Fizzled" by Elmer-Dewitt (1991) of
Time magazine further cloud the issue. Two failures of
educational computing play most prominently in this article.
First, was the Belridge school district in McKittrick,
California in which every student had two Apple Ilgs
computers, one at home and one at school, and a curriculum
that made use of computers in all subjects areas. Yet the
entire first grade class along with one-third of student body
scored below grade level for both reading and math on
annual standardized tests. The second major report revolves
around the questionable benefits of IBM's Writing to Read
program in which many school districts have made sizable
investments. The article calls into question this program,
"Several research articles, including the one last summer in
the well regarded Journal of Computer-Based Instruction,
have suggested that any benefit kindergartners get from
Writing to Read derives more from the extra attention
provided by the supervising adults" (p. 49).

An examination of research studies by White (1992) and
Bracey (1988) revcal mostly meager results. An article by
Gerald Bracey in Electronic Learning summarizes the
conclusions of a study conducted by Henry Becker of John
Hopkins University comparing computer supplemented
instruction with traditional instruction. Becker did not
consider studies prior to 1984 and removed many others for
poor design, inadequate measures, no random assignment ,
and a less than nine week treatment. Of fifty-one studies,
thirty-four were eliminated. Only two of the remaining
studies showed highly significant results. The remaining
studies showed either small effect sizes or even negatives
ones.

Inappropriate Use of Technology
Another condition that seems to be prevalent of late is

what we call "technology in search of a purpose". As new
advances are made in areas of technology, the next question
appears to be, "Now that we have this technology, what can
we do with it?" Often it appears to be much the same way in
education. Many teachers are using computers in the
classroom in ways which are not based on theory or shown
to be effective in studies. Maddux, Johnson, & Willis (1992)
call this "Innovation in the absence of evidence".

Another danger lies in the ability of computers and
multimedia to substitute style over substance. Martin
Huntley (1991) describes seeing the IBM multimedia
program Ulysses at a conference. As the program drew to a
close with a whirlwind of emotion packed images, the
author stood and cheered along wit) the audience before he
realized he had been "had". Huntley states, " Most of the
images had no spectiO connection with the poem or the
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interpretations that had teen explored... I came away
wondering whether the technology hadn't contributed to a
devaluation of content, a victory of style over substance"(p.
3). Huntley fears that these technologies will actually
accelerate the decline of literacy, substituting 30 second
entertainment clips rather than intellectual content or
emotional depth. Steven Levy in Mac World (cited in
Huntley) feels that "We face the future where our business
reports and school papers aspire to the standards of a Def
Leppard clip in heavy M'TV rotation" (p. 3).

Magic Factor and Commercialism
There is a perception in society that the presence of

computers in schools is somehow essential to preparing
students for the future (Cashman, 1992; Bosco, 1986). We
refer to this belief as the "magic factor". 1 he magic factor
was observed by Cashman (1992) in her study of under-
graduate students enrolled in a Computers in Education
course. Students entered the course with vague perceptions
of the role of computers in society and educatior. However,
most students expressed a belief that "computers are the
future".

McCraw (1993) observed teachers, administrators and
school board members embracing the "magic factor" in her
study of rural elementary school teachers beliefs about
computers. Teachers had brought home computers for their
children believing that they would help prepare them for the
future; even though they themselves seldom used them and
had limited skills. Administrators and school board mem-
bers purchased computers to increase the quality of their
school. Educational goals or objectives for which the
computers would be used to meet had not been identified.
Neither had an implementation plan been designed for
training teachers to use the computers.

The "magic factor" that has influenced the purchase of
thousands of computers for schools was a marketing
technique used by Steven Jobs of the Apple Computer
Company in the 1980s. Apple sold the public and educa-
tional community a vision; computers possessed mystical
powers that ensured a fun and magical education that would
prepare students for the future (Rose, 1987). Companies
have continued to utilize the "magic factor" in advertise-
ments for their educational computing products. For
example, a recent advertisement for a software product
stated, ". . .give students the right learning program and
they'll teach themselves." These inflated claims result in
unrealistic expectations that somehow technology can solve
the ills of education.

Conclusion
Will computers be another technological innovation that

will ultimately have very little impact on education in the
future? Many new instructional and technological innova-
tions in education have been subject to the "pendulum
syndrome" in which there are unrealistic expectations,
followed by disappointment, and ultimately abandonment
(Maddux, Johnson, & Willis, 1992). However, unlike other
technological innovations that have previously been
introduced with great cducational promise, then removed to

the storage room, the computer will take a more prominent
role in education in the future than it does today. Presenting
the potential of computers as learning tools in a more
realisex fashion, perhaps will help break the cycle of
disappointment and bazklash that seems to be inevitable
with new innovations.

This paper has presented several of the reasons there
may be a growing negative attitude or backlash against
computers in schools. The following are suggestions for
presenting technology to preservice teachers:
1. Present a realistic picture of computers in schools.

Remember not all schools have cutting edge technology
such as modern networked computers labs, multimedia,
CD-ROM, and laser videodisc. Spend some time talking
about and demonstrating "trailing edge technology" and
what can be done with older computers and less than
ideal situations. Although our students should be
familiar with the newest and best in technology, they
shouldn't get discouraged and give up on technology
usage just because it isn't the latest model.

2. Present a realistic picture of what computers can do for
education. Don't be tempted to make over-inflated
claims that seem to make technology a cure for all of
educations' problems. Encourage pre-service teachers to
use computers in those areas are known to work. While
many are still undecided about the real cognitive gains
and benefits of using computers, there appears to be no
question about the strong motivational force that
computers have on students. Pre-service teachers should
not take this finding lightly. Sometimes motivation is all
that is needed to turn a difficult or reluctant learner
around.

3. Model effective use of computers in your classes. Byrum
& Cashman (1993) found in a survey of preservice
teachers that 77% had been exposed to computer-aided
instruction in one education class or less. In most
instances, the only class in which preservice tea, hers
were exposed was the technology class. Make mu
nreservice teachers observe classes and schools ill /Inch
technology plays an important and integral role in
instruction. Also have students practice using computers
in their model lessons and lesson plans. Byrum &
Cashman found that fewer than 24% of students had
been required to integrate computers into lesson plans or
projects. Pre-service teachers need to understand that
classes in which technology is effectively used often
resemble chaos to the non-technology using educator
that prefers more control.

4. Make your students informed consumers. Teach them to
beware of computer and software companies and the
claims they may make. Have them ask, "Why do you
want to sell me this system or this software? What proof
do you have that it works?" With the proliferation of
pre-packaged Integrated Learning Systems, teachers
should be asking for field-based data from the dealer
which show the system's effectiveness.

5. Eliminate the 'magic factor'. A computer alone is not
magic, students don't learn just by sitting close to it and
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schools don't become beam just by purchasing the latest
network. What makes technology work is committed
teachers, a supportive administration, and a well thought
out plan which includes input from both of these
concerns. It is imperative to recognize that the source of
most "teacher resistance" to technology is the unwilling-
ness, and in some cases ignorance, of the schools to
provide teachers with the resources to make the technol-
ogy valuable to them. Training, time for development of
the computer as a tool, and most of all, a plan to follow
is necessary if teachers are to meet the challenge of
technology in today's education.

6. Make sure prospective teachers know that they are the
most important piece in the technology puzzle. Comput-
ers will never replace good and caring teachers and basic
learning should not suffer at the expense of technology.
Jean-Louis Gasste (1992) states," As a remedy for our
failure in the basics of learning, I am afraid to see
computers played as an escapist substitute for smaller
classes, more teachers and more individualized instruc-
tion. Let's have all the computers we want, but only after
we give our children the human learning conditions they
need" (p. 42).
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Integrating Cooperative
Learning, Word Processing,

and the Writing Process

Evelyn M. Dailey
Towson State University

There is broad based agreement among educators that
no skill is more vital to students than writing. Writing is a
skill which can (a) contribute to improved performance
across curricula, (b) increase personal productivity, and (c)
lead to a marketable job (Panyan & Dailey, 1989). Increas-
ingly, more occupations require workers to process informa-
tion; consequently, individuals must communicate through
written language and depend on written communication
from others (Scardamalia & Bereiter, 1986). Yet for the
last two decades, researchers, educators, and members of
the business community have chronicled the writing
deficiencies of students. This decline in student writing
ability has been documented in several national reports such
as The National Commission on Excellence in Education
(1983), The National Assessment of Educational Progress
Report (1990), and the National Assessment of Educational
Progress's The Writing Report Card: Writing Achievement
in American Schools (Applebee, Langer, and Mullin, 1986).

More specifically, researchers have noted that writing
deficiencies emanate from three areas: idea generation, text
organization, and metacognitive strategies (Eng lert &
Raphael, 1988). Numerous effective instructional practices
for writing instruction have emerged. One specific writing
practice, the process approach, has demonstrated repeatedly
its effectiveness in addressing the deficiencies of student
writers (Bos, 1988; Graham & Harris, 1988; MacArthur,
1988).

Cooperative learning techniques have also been
investigated in conjunction with computer- assisted
instruction (Cosden & Lieber, 1986; Cox & Berger, 1985;
Lieber & Semmel, 1987). Johnson, Johnson, and Stanne
(1985) concluded that computer-assisted cooperative
instruction promoted greater achievement, more successful
problem solving, and improved performance on factual
recognition, application, and problem-solving test items
than did computer-assisted competitive or individualized
learning.

Recently, researchers have investigated the effects of
word processing on student writing. Behrrnann (1984) and
Brill (1987) have noted that the word processor has
enormous potential as a tool to support improved writing for
students. However, word processing alone will not enhance
writing; an appropriate instructional strategy is the key
element to the successful use of word processing in the
classroom (Sitko & Crealock, 1986). The purpose of this
study was to determine the efficacy of cooperative writing
teams on the written performance of secondary students
assigned writing tasks at the computer.

Method
Subjects

Sixty students from two suburban high schools in
Maryland, grades 9 - 12, were recruited from six remedial
English classes. These individuals, ages 14 - 17 years old,
were identified as having mild handicapping conditions
either learning disabilities (LD), emotional disturbance
(ED), at risk (AR), or English as a second language (ESL)
students. In order to be included in the study, those
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students with learning disabilities (LD) or emotional
disturbances (ED) had to (a) have been identified by an
Admission, Review, and Dismissal (ARD) committee as
being LD or ED according to state and federal regulations;
(b) have had an existing deficiency in writing skill noted on
an individual education program (IEP); (c) be placed in a
special education classroom with a certified special educa-
tion teacher; and (d) have parental permission to participate
in the study. All students placed in the remedial English
classes had to perform (a) below the 70th percentile on the
Minimal Grade Competency Test (MGC), a curriculum-
based assessment measure; and (b) two grade levels below
the expected reading level as measured by the California
Achievement Test. The characteristics of the students in
terms of sex, ethnicity, and disability are found in Table 1.

Independent Variables
Two conditions were implemented and compared over

the course of seven weeks: Cooperative Writing Teams
(CWT) and a control condition (C). CWT were defined as
groups of three students working with the preassigned roles
of Recorder, Keyboarder, or Checker. The control condi-
tion was designed to be identical to the CWT conditions
except for the absence of the CWT. Therefore, students
were not given the opportunity to work together or earn
team points associated with CWT.

Dependent Variables
To determine the relative efficacy of each of the

independent variable conditions, two dependent variables
were assessed: T-units and MHS. A T-unit was defined as a
segment of meaningful expression that contained an
identifiable verb and subject which could stand alone
(Flower & Hayes, 1980). MHS were defined as numerical
values (1 - 4) based upon the primary writing traits of
content, organization, audience. sentence fnrmation, and

4'

conventions.

Procedures
The following procedures were implemented for all

classes prior to assignment to experimental conditions. A
survey and sample exercise were administered to the
students to determine prior knowledge of and experience
with word processing. The experimenter used the survey
results to balance the CWT.

Two individual writing samples were elicited from
each student before assignment to experimental conditions.
Two independent readers determined the number of T-units
for planning, drafting, and revising activities, and they also
determined a MHS for the drafting and revising phases
using the nibric established by the Maryland State Depart-
ment of Education. This writing sample was the pretest. To
determine if the effects of the treatment generalized to other
writing situations, students were asked to complete a second
writing sample. Students responded to the 1988 Maryland
Writing Test narrative prompt The same procedures
regarding assessment were followed for these writing
samples.

The two treatment conditions were then implemented.
Writing took place four days a week for 50 minute's each
day over a seven week period. Students were allowed one
50 minute period for planning, two 50 minute periods for
drafting, and one 50 minute period for revising. Three
writing assignments were completed under each condition,
and each writing sample took approximately one week to
complete.

Following the treatment conditions, students completed
two writing samples. One writing sample was the posttest
and the other was a generalized measure of writing, The
1989 Maryland Writing Test (MWT) narrative prompt. The
same procedures regarding the measurement of T-units and

Table 1
Stratification of Student Sample for Sex. Ethnicity, and Disability

Variable
Control

= 30)
Experimental

= 30)

Sex
Female 15 (25.0) 10 (16.7)
Male 15 (25.0) 20 (33.3)

Ethnicity
African-American 4 ( 6.7 ) 11 (18.3)
White 19 (31.7) 17 (28.3)
Asian-American 7 (11.7) 2 ( 3.3)

Disability
Learning Disabilities 2 ( 3.3) 14 (23.3)
At Risk 17 (28.3) 12 (20.0)
Emotional Disturbance 3 ( 5.0) 2 ( 3.3)
English as a Second 8 (13.3) 2 ( 3.3)
Language
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MHS were followed.

Procedural Reliability
Two independent readers were trained to calculate T-

units and MHS. The readers were trained to a 90%
criterion level on T-units and an 80% criterion level on
MHS using the 1987 Writing Supplement Project Basic
Instructional Guide. The number of agreements was
compared to the number of disagreements thus calculating
interscorer agreement.

Design and Analysis
A pretest/posttest nonequivalent control group design

with random assignment of treatment to groups was used
(Campbell & Stanley, 1966). Terchers acted as their own
controls in that each taught an experimental and control
group. To determine if the groups differed significantly on
the posttest across writing stages, a one way multivariate
analysis of covariance (MANCOVA) was calculated.
Univariate analysis of covariance (ANCOVA) was used to
compare the pretreatment/posttreatment group means on
two dependent measures: T-units and MHS.

Results
Omnibus Analyses for the Posttest and the
Maryland Writing Test

Two indicators of writing were collected: T-units and
MHS. These indicators were assessed pre and post treat-
ment. To determine if there were significant differences
between the groups across the stages of the writing process
a one-way multivariate analysis of covariance
(MANCOVA) was calculated for the posttest and the 1989
MWT. The means and standard deviations for the pretest
and posttest and the 1988 and 1989 MWT are found in

Tables 2 and 3 respectively. Results of the MANCOVA,
using the Wilks Lambda exact F test, indicated a significant
multivariate effect between groups on the posttest, F (5,49)
= 14.02, p < .01. Results of the second MANCOVA, using
the Wilks Lambda exact F test, indicated a significant
multivariate effect between groups on the MWT 1989, F
(5,49) = 53.60, p < .01. Collectively, the writing samples
produced by students in the CWT on the posttest and the
1989 MWT were longer and of higher quality. Subsequent
univariate analysis of covariance (ANCOVA) tests from the
overall MANCOVA analysis were calculated. The results
indicated that there was a differential effect across the stages
of the writing process in favor for CWT. CWT were most
beneficial for drafting and revising tasks. The results of the
statistical treatments used on these data are described in the
following sections: planning, drafting, revising, and MWT:
Post hoc analyses.

Planning. A univariate analysis of covariance
(ANCOVA) from the overall MANCOVA analysis was
used to compare T-units generated during the planning stage
of the posttest with the pretest serving as the covariate. The
results indicated that there was no significant difference
between the groups on the posttest, F (1,53) = 1.53, p > .05

Drafting. A univariate analysis of covariance
(ANCOVA) from the overall MANCOVA analysis was
used to compare T-units generated during the drafting stage
of the posttest Ali the pretest serving as the covariate. The
results indicated that there was a significant difference
between the groups on the posttest drafting T-units, F (1,53)
= 18.69, p < .01. The subjects in the experimental group
produced a significantly greater number of T-units than the
control group. The CWT also had a higher MHS than the C
gioup on the posttest, but the results indicated that this
difference was not statistically significant F (1,53) = 2.04 ,

Table 2
Means and Standard Deviations of Different Study Writing Stage Variables for Each Group

Experimental
Pretest Posttest

Mean SD Mean SD

Control
Pretest

Mean SD
Posttest

Mean SD

Planning
T-units 11.3 5.0 20.6 6.3 13.4 3.3 19.8 5.6

Drafting
T-units 21.4 9.0 36.9 9.8 21.3 8.9 22.4 7.2

MHS 2.3 .7 3.1 .7 2.3 .6 2.7 .7

Revising
T-units 24.5 9.4 51.6 6.5 24.2 11.2 29.4 7.1

MHS 2.5 0.7 3.9 0.2 2.5 0.6 3.4 0.6
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p > .05.
Revising. Another univariate analysis of covariance

(ANCOVA) from the overall MANCOVA analysis was
used to compare T-units generated during the revising stage
of the posttest with the pretest serving as the covariate.The
results indicated that there was a significant difference
between the groups on the posttest, F (1,53) = 62.3, p < .01.
The CWT had a significantly greater number of T-units than
the C group. The CWT also had a higher MHS than the C
group during revising on the posttest, F (1,53) = 6.98, p <
.05.

MWT: Post hoc analyses. CWT performed better on
the posttest than the (C) group across two forms of The
Maryland Writing Test (MWT) and across the stages of the
writing process. For example, during the planning stage the
CWT produced a significantly greater number of T-units
than the C condition, F (1,53) = 247.fA, p < .01. Likewise,
during the drafting stage the CWT produced a significantly
greater number of T-units than the (C) group, F (1,53) =
62.9, p < .01 and the CWT had a significantly higher MHS
during drafting, F (1,53) = 25.4, p < .01. Finally, during the
revising stage the CWT produced a significantly greater
number of T-units than the (C) group, F (1,53) = 8.8, p <
.01. However, with regard to MHS during revising there
was no significant difference between the groups, F (1,53) =
1.1, p > .05.

Discussion
The results of this investigation suggest that CWT is an

effective strategy which can increase the quantity and
quality of writing. CWT create a positive inter-dependence
among students and provide opportunities for peer interac-
tion, social and academic reinforcement, and immediate
grade gratification. A discussion of results concerns: (a)
issues related to quantity and quality of writing, (b) differen-
tial effects of CWT across the stages of writing, and (c)
implications for instructional practices.

Issues Related to the Quantity and Quality of
Writing

CWT can significantly increase the length of student
writing assignments. However, an increase in the length of
writing assignments may not contribute to increased quality
because length is not an indicator of quality. If the length of
writing is a one indicator of the quality of writing, then
MHS should have been statistically significant for the CWT
during all stages of writing. Since this was not the case, it
appears that the length of writing is not always an indicator
of writing quality. Yet one additional factor must be
considered in the interpretation of these results: the nature of
MHS. The subjectivity of the qualitative instrument could
have led to inconsistent results (Quellmalz, 1986;
Quelhnalz, Capell, & Chou, 1982).

Differential Effects of Interventions Across the
Stages of the Writing Process

Planning. The results during planning were conflicting
perhaps due to its independent nature. When students plan,
they record everything that comes into their minds as fast as
they can (Murray 1987); therefore, CWT may not be an
effective stategy for planning because the characteristics
associated with CWT are not the skills necesary for
successful planning.

Drafting. During the drafting stage, CWT discussed,
shared, and organized ideas which were generated. The
specific techniques learned from other students in CWT
may have been internalized by the students and transferred
to the individual writing experiences. Considerable research
suppports this explanation (Johnson, Brooker, Stutzman,
Hultman, & Johnson, 1985; Johnson, Johnson, Roy &
Zaidman, 1985; Smith, Johnson, & Johnson, 1981; Yager,
Johnson, Johnson, & Snider, 1985). Although the resulting
MHS were inconsistent, this fact could have been attributed

Table 3
Means and Standard Deviations of Maryland Writing Test for Each Group

Experimental Control

Writing Stage

MWT88
Mean SD

MWT89
Mean SD

MWT88
Mean SD

MWT89
Mean SD

Planning T-units 17.2 12.0 37.9 5.2 10.8 5.12 16.2 5.4

Drafting T-units 32.7 16.2 40.4 5.7 30.2 14.4 26.5 7.0
MHS 1.9 .7 3.8 .4 1.9 .7 2.9 .69

Revising T-units 34.0 14.6 40.9 5.5 31.7 13.8 36.2 6.5

MHS 2.1 .8 3.8 .40 2.0 .7 3.6 .4
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to the different topics.
Revising. The skills developed in CWT are essential

to the revision process. In CWT, students serve as models
for one another, assisting in the diagnosing and analyzing of
problems, explaining the material to be learned to one
another, keeping each other on task, and teaching concepts
and procedures to one another (Johnson & Johnson, 1985).
However, in the instance of the qualitative measures, the
results were not consistent. There were significant differ-
ences for the posttest but no significant differences on the
1989 MWT. There is an explanation for the disparate
results. During the drafting stage of the 1989 MWT, the
mean MHS for the CWT was 3.8. The lack of significant
group differences on the 1989 MWT may be attributed to a
ceiling effect which occurred during the drafting stage of the
writing process for the CWT.

Implications for Instructional Practices
The results of this study have several implications for

practice. First, they support previous research efforts which
indicate that cooperative learning can increase student
performance (Johnson, Johnson, & Stanne, 1985; Slavin,
1984; Slavin, Madden, & Leavey, 1984). Secondly, CWT
hold great promise for ameliorating the deficiencies of
student writing. Specifically, CWT address the deficiencies
which are characteristic of student writing: idea generation,
text organization, and metacognitive strategies (Englert &
Raphael, 1988). In addition, CWT use the.principles of
effective writing instruction (Isaacson, 1988). These
principles include (a) allowing a sufficient amount of time
for writing instruction and practice, (b) teaching writing as a
dynamic process, (c) teaching writing through interactive
gjoup experiences, and (d) avoiding excessive teacher
feedback. Finally, with the use of CWT, students diagnose
and analyze problems and they explain concepts to one
another; these are high-order thinking skills. When higher-
order thinking skills are applied to writing, students can
begin to to think more effectively as they write. In short,
results indicate that CWT should be considered an effective
instructional alternative.
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This paper presents a successful model of a university-
directed support for change in mathematics and science
instruction using technology in several area school districts.
Under an NSF grant, the author, as principal investigator,
developed a three-year program involving five-person
teams, composed of two middle school and two high school
mathematics teachers and a non-mathematics teacher, from
each of ten school districts. The non-math teachers had
background and assignments in science, language arts, or
social studies. The teaching faculty for the project included
the author as lead instructor, three master teachers from area
schools - two of whom were Presidential Awardees in
Mathematics, and contributors from several fields: a
mathematician with focus on applied mathematics and
education professors with expertise in science education,
social studies education, at-risk student populations, and
change in schools. In addition, a professor of educational
research and two doctoral students conducted the program
evaluation.

In each of the three years, there was a three-week
summer program and three Saturday sessions for updating
and problem solving by teams, grade clusters, and individu-
als with similar concerns. The first summer was devoted to
participant awareness of the mathematics reform effort with
discussion and modeling of the NCTM Curriculum
Standards (National Council of Teachers of Mathematics,
1989) and use of a range of technology - calculators,
computers and key software. From the beginning, there was
attention to the use of technology (appropriate calculators
and computer software) and manipulatives as tools for
instruction and student exploration in mathematics and its
applications. Special attention was addressed to the
concerns of instruction as addressed by Grouws and Cooney
(1988) and literature on cooperative learning. The
constructivist perspective was introduced and modeled with
a focus on classroom discourse. Particular attention was
addressed to the instructional issues around algebra as
highlighted in Wagner and Kieran (1989).

During the first summer, participants worked each day
on discrete mathematics topics with special attention on
graph theory with some discussion of its applications for
pre-college students. While a majority of the participants
did not perceive this topic of value for their students during
that first summer, many reported using it in their curriculum
by the end of the project. From the start, calculators were a
prime source of study. For the high school teachers,
graphing calculators were the main item, however, many
teachers spent considerable time on scientific calculators for
reasons of availability in their schools. Middle school
teachers learned about graphing calculators, but most spent
their effort on scientific calculators and the Math Explorer.
Despite the self-selection of the team members, many
participants were not convinced that calculators should be
used on a regular basis at the start of the program.

The second summer focused on appropriate classroom
instruction with discussion of alternative models of instruc-
tion, as classified in Joyce and Weil (1986), and student
assessment, as raised by Kulm (1990). There was consistent
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modeling of teaching via construLtivism and with identifica-
tion of its implications for the teacher and mathematics
instruction (Davis, Maher, & Nodding, 1990). Participants
examined materials, such as Discovering Geometry
(Serra,1989) and versions of Guidelines for the teaching of
Statistics 1C42 Mathematics Curriculum (Burrill, 1991) as
examples of such instruction. In the second summer, there
was a continual return to technology, such as Data Models
(Edwards, 1989) and instructional issues and skills devel-
oped earlier. Science laboratory activities were conducted
using the Personal Science Lab from IBM with its data
comparison graphs. Attention was devoted to school issues,
student attributes, and classroom techniques for including
at-risk students in the mathematics curriculum with
technology and applications.

While participants had developed awareness and
personal skills in dealing with technology, there was not
much advancement in the use of technology in the class-
rooms during the first year, nor was much increase in
individual use by participants reported. The participants
reported acceptance of technology, but they had not
internalized that technology into their instructional model
nor their daily routine. This presented a concern to the
principal investigator. However, during the second school
year, there was a major increase in the number of partici-
pants who used technology in the classroom with their
students and many participants reported acquiring their own
computer and calculators. The acquisition and personal
internalization of technology use continued throughout the
duration of the project.

In the second summer, participants created sample units
on topics of their choice. These units were done by teams of
teachers, schools, and presented to colleagues for
review and recommendations. Time for the participants to
create and revise these units was necessary and valued by
the participants. In further discussion with them, it was
noted that few of them had the opportunity to create lessons
with their colleagues during their teaching careers. This
collaborative effort during the summer was one of the most
valuable activities as judged by the participants and project
staff. The opportunity to have colleagues and faculty
available as resources and reactors was important and well-
used. This peer relationship developed quickly, with a few
teachers being slow to accept some university faculty as
equals.

In addition to their continued work with technology and
instructional issues, the participants worked on staff
development plans for their colleagues - at first their own
school. Many of the participants eventually moved beyond
th;s level to present mathematics inservice to mathematics
teachers throughout the district, in neighboring districts, or
at professional meetings of the Wisconsin Mathematics
Council during the third year and beyond.

The third summer included intense study of the change
process and varied strategies, such as indicated in Hall and
Hord (1987). While the participants valued this aspect of
the program, they noted that it might have been even more
helpful if it had occurred earlier in their experiences with the

math reform effort. This presents an interesting challenge
of presenting issues of change before the teachers have a
full set of materials and teaching strategies to share.

At the end of each summer program, the priiicipal
investigator formally invited each district superintendent
and other appropriate district/school leaders to a reception
with their team. Each reception started with the princi7a1
investigator reminding leaders of their signed commitment
to the project and the accomplishments of the teachers up to
that time. Each team then had over an hour to meet with the
administrators to describe their work and to present their
plans for the coming year and beyond. During each
summer program, teams created district technology plans
and staff development based on their professional growth.
This effort was one of the strongest aspects of the program
for the participants. They reported that they seldom, if ever,
had the opportunity to report on their professional growth to
district and building leaders or to present and receive
feedback on recommendations for curriculum, pedagogical,
and assessment change. This format was an important one
for initating funding requests for technology needs. While
this was initiated without knowing if administrators would
show up in the middle of the summer, each year nine of the
ten districts had representatives at the reception. A different
district lacked representation each year.

From this interaction with administrators, the partici-
pants reported a more effective approach to making changes
in their schools. In all cases they initiated, or were asked to
prepare, requests for technology, manipulatives, resources,
and/or textbook adoptions. Several of the teams requested
inserrice time to work with their colleagues and participate
in professional meetings. Several teams made presentations
to members of their school board. The teachers reported
frustration at the end of the first year that not all of the
administrators' promises were k.ot. For many, , that was
their first intense individual experience with the change
process. Over the course of the project, they reported they
learned the need to present their plans and requests followed
by heavy lobbying efforts.

As in previous summers, there was new technology and
materials to be considered. In the third summer, participants
worked with the newly available NCTM Teaching Stan-
dards (National Council of Teachers of Mathematics,
1991a) and several of the Addenda series. The middle
school teachers worked intensely with the Patterns and
Functions (National Council of Teachers of Mathematics,
1991b) while the high school teachers worked with Con-
necting Mathematics (National Council of Teachers of
Mathematics, 1991c) as a primary source. Several high
school teachers worked together with the Geometer's
Sketchpad (Bennet, et.al, eds., 1991) during the summer.
Some of them were able to obtain the software for their
school for the next year and taught geometry with the
Sketchpad on a regular basis. Three of them gave presenta-
tions to colleagues at professional meetings on its use.
Others expanded their knowledge of graphing calculators
including gaining expertise in use of the TI-85, Sharp EL-
9300, or Casio 7700. Again, numerous participants gave
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workshops in their schools, districts, and state meetings on
the use of graphing calculators from middle school through
high school.

The involvement of the non-mathematics teachers was
very important to the project in several ways. First, they
brought alternative perspectives to the topics of study and
were instrumental in helping to find motivational, appropri-
ate applications of mathematics for students. Three non-
mathematics participants were lost over the duration of the
project. Two withdrew during the first year because they
did not view their participation as useful to their teaching
responsibilities. On reflection, the first summer was heavily
mathematical in terms of looking at reform, the use of
technology and manipulatives. This focus did not do as
much as could have been done to keep their involvement.
Another non-mathematics person withdrew after the second
summer because of a change in teaching assignment.
Replacements and the original non-mathematics participants
were valuable in criticizing their colleagues andproject
instructors when the material was too involved for students
to pursue or lacked the interest or motivational vidues hoped
for. The range of university faculty was important to
provide participants support in bringing their backgrounds
to bear on the mathematics reform efforts. The social
studies and science applications were extremely valuable.
Two teachers with language arts backgrounds were very
powerful in dealing with communication as envisioned in
the Standards. They contributed with techniques and
lessons dealing with reading, writing, and oral presentation.
They were helpful in refining techniques for cooperative
learning settings. The non-mathematics participants were
helpful in gaining recognition beyond the mathematics
staffs in their cchools.

The results of the project indicate many important
considerations for schools involved in mathematics reform.
First, the importance of time and on-going staff develop-
ment and support is critical. The results of this study show
major changes in teacher beliefs, skills, and implementation
by the end of the third year. Such changes were not evident
in many cases before that time. Changes in use of technol-
ogy, both personally and for instruction, and appropriate
changes in instruction based on the use of technology were
particularly slow in coming. This issue is addressed in
detail.

Another critical finding is the need to build a critical
mass of individuals involved in the use of technology and
focus on change. Where the teams functioned well, notable
changes were observed. The functioning teams were
instrumental in developing the mathematics reform across
the middle and high school program. In most cases, this

was not effective before the project. The connection of
faculty between the two building levels must not be taken

for granted. In all our districts, this project showed the great
need for better articulation, grades 6-12. It also pointed out
the equally weak connection between the elementary and

middle school staffs.
Several teams were not as effective. In general, the

larger the district, the less effective the team was in impact-

ing district reform. The teams from the subdistricts of the
large urban district had many more problems. Teacher re-
assignment and turn-over in these schools made stability an
issue - for teachers, administrators, and students. It was
more difficult for the teachers to have an impact on policies
or purchases. With a few exceptions, the individuals made
far less impact on program, faculty, purchases, and change
in mathematics instruction.

The university based program allowed the support of
faculty with a wide range of expertise and skills. In addition
to the principal investigator, with his background in
mathematics and technology education, university faculty
taught large units and/or served as resource faculty to
participants throughout the project. Faculty with the
following areas of expertise were involved: mathematics,
particularly applied/discrete mathematics; constructivist
learning theory; assessment; science education, social
studies education; changes strategies; staff development;
at-risk and under-represented students. In addition, the
university coordination allowed the involvement of master
teachers in the area with national credentials to participate
on the program planning committee and serve as lead
instructors and role models in the mathematics and peda-
gogy instruction. From the surveys of teachers, examina-
tions of their logs, and observations in their classrooms, this
mix of classroom teachers, known to them as area teachers,
and the expertise of university faculty was highly successful
in participant acceptance and willingness to try new
instructional strategies and use of technology in the
classroom and on student assessments.

This study demonstrated the intense attention required to
help strong, dedicated teachers gain confidence and
expertise in developing and delivering staff development to
their colleagues. Many of the participants expressed fear
and insecurity in preparing a worthwhile staff development
program for their colleagues. When they gained expertise,
they stated a strong concern that they had nothing to offer
their colleagues, cr more accurately on reflection, that their
colleagues would not be interested in their presentations or
ideas. Most participants found it mmlimore comfortable to
do presentations with at least one other colleague. This
strongly supports the school change strategies advocated in
peer coaching.

As the participants enter the first ye It' without support,
the need to have the participants support each other is very
noticeable. Both the high school teachers across districts
and middle school teachers across districts are seeking to
keep the support groups they have had. Within districts, the
middle school - high school connection is in danger without
district support for continued sharing.

This report is an up-date of progress identified last year,
(Kepner, 1993). Additional findings will be forthcoming as
the classroom observations and teacher logs are analyzed in
more detail.
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Visualize for a minute the following situation. You
have arrived at the room where you will be making your
presentation, with your presentation software and file in
hand. As you load your files on the conference provided
computer, you notice that a cable to the Liquid Crystal
Display is missing. After a frantic call to the "conference
equipment manager", a new cable is provided, and you
quickly install the Persuasion software, your file, and a few
needed fonts. Although starting a few minutes late, you still
have a full crowd for the session and even a few people
standing at the door. You start your computer assisted
presentation, and someone in the back asks you to dim the
lights a little more so that they can see the text better. After
eventually finding the light switch, the room is darkened
and you proceed. To make sure you get in all the content
you have to hurry your rresentation, but no one seems to
object and you proceed through each of the 50 "computer
frames" of the presentation. Since you didn't have time for
questions, you suggest that people can see you after the
session is over, and with the exception of the one person
who stops to ask the price of your presentation package, the
audience files out with little comment and without any
questions. As you pack up your disks, and delete your files
from the conference computer, you ask yourself how the
presentation went. Did the audience understand what you
were saying about the topic? Did the computer projected
presentation seem effective? If asked, what would the
audience say about the presentation and the presenter?

If you have ever used a computer presentation package
in a formal presentation, you may have asked yourself some
of the same questions. The use of computer presentation
software, such as Aldus' Persuasion and Microsoft's
Powerpoint, are becoming a more common choice for
educators making professional presentations at educational
conferences, meetings, and workshops. In fact, the overall
market growth for such presentation software and related
hardware is significant, and is projected to be over a billion
dollars by 1995 (Todd, 1992).

Presentation software packages offer the presenter many
advantages, including impressive graphics, easy to make
handouts, and enhanced versatility of the presentation itself.
The newest packages also provide significant multimedia
related instructional advantages, such as more natural
presentation of concepts through enhanced graphics.
animation, and nonlinear navigation (Oblinger, 1992;
Bayless & Clark, 1992; Kettinger, 1991). In the very near
future, presentation packages should become increasingly
more powerful in their speed, resolution, and ease of use
(Head, 1992).

But there are also a few disadvantares to computer
projected presentations, including potential equipment
problems, the need for an extra dark room, and considerable
setup time. Also, more impressive visuals are not always
better in getting across a particular message. For example, a
study by Livingston (1991) showed that color can actually
be a distracting variable when teaching certain concepts in
an instructional gaming environment. For international
presentations, Sondak & Sondak (1991) found that presents-
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tion related graplfcs could contritute substantially to
understanding, but only when the extensiveness of the
graphic display was based on its purpose. Similarly, it
would seem important for all users of presentation software
to consider carefully the purpose of the displayed informa-
tion to ensure that it contributes to the overall communica-
tion goal.

There seems little doubt that in today's technological
world; ..:omputer projected presentations can be a powerful
r -,ethod of communicating with an audience. However,
conveying a specific message is still the primary goal of any
presenter, whether or not a computer presentation package
is used to assist in this endeavor. The increasing general
popularity of presentation packages, along with the related
powers and limitations, suggests a need to redefine the
characteristics of just what makes an "effective" presenta-
tion, and how to use presentation software to a presenter's
maximum benefit in conveying a presentation message. As
an initial step toward this goal, the authors decided to ask
members ,f the "audience", people who are familiar with
such methods of presentation, for their perceptions and
suggestions related to using computer projected presenta-
tions more effectively in a large group setting.

An "Audience" Survey
A short open-ended survey was developed to ask

various educators familiar with computer projected presen-
tations, for their perceptions and suggestions related to using
these software packages effectively when making presenta-
tions. The three part survey asked respondents first to
remember computer projected presentations that they had
seen in the past, and second to make a short list of the
following:
1) At least three elements of computer projected presenta-

. tions which seemed to increase the effectiveness of the
presentation.

2) At least three elements of computer projected presenta-
tions which seemed to decrease the effectiveness of the
presentation.

3) At least three general suggestions for presenters in
making the computer projected presentation more
effective.

The survey was distributed at several technology related
meetings, workshops, and classes, with 65 educators
initially responding by either mail or hand delivery, with
additional responses currently being summarized. Although
a more extensive analysis of a larger sample is being
undertaken, some initial indications and suggestions from
this pilot "audience" follows.

Elements Increasing Effectiveness
In general, the respondents seemed to believe that

computer projected presentations were a very worthy tool
that offered increased power to the presenter. Responses
related to increasing the effectiveness of presentations
tended to focus on the power of the package itself. Many
respondents talked about the flexibility that such presenta-
tion packages offered, by making a presentation easily

modifiable and reusable for different settings and purposes.
Others commented on the ability to include graphics and
sound, and the use of these advantages to help motivate the
audience, and better "visualize" difficult concepts. Addi-
tional elements mentioned were the use of dynamic
graphing and animation, to make a presentation "come
alive" for the audience, or to review information in different
ways. Still others talked about the ability to include CD-
ROM and laserdiscs, and to access a "wealth" of real life
examples and information related to a topic quickly when
making a presentation.

Elements Decreasing Effectiveness
For elements from computer projected pres attations that

tended to decrease the overall effectiveness of the presenta-
tion, the respondents tended to focus on the rztual human
presenter, or the environment in which the iiresentation was
made. For instance, the use of a very dark room, was often
mentioned as a real problem. Respondents complained of
"a voice from the dark" and the difficulty in taking notes,
which often can result from using a Liquid Crystal Display.
Other respondents cited situations where the presenter was
unprepared for equipment failure, or unable to talk to
audience members either before, during, or after the
presentation due to their considerable involvement in
equipment related tasks.

Some respondents complained of the difficulty in
hearing or seeing a presenter who was sitting down behind a
mountain of computer equipment, or who spent most of
their 6rne explaining the equipment or software, rather than
the rresentation topic. Various other responses cited
probns with "information overload", in the form of either
too much information for the presentation itself, or too
much information on the individual slides or frames of the
presentation. Although considerable problems were
mentioned, an encouraging aspect of these general com-
ments was that most of the audience-perceived problems
might be fairly easily addressed by some very limited
planning, or merely an increased attention to some general
good presentation "fundamentals".

Suggestions for Improvement
The most "enlightening" part of the survey was the

section requesting that respondents provide suggestions for
presenters to improve their presentation. These suggestions
were grouped into four main categories, including sugges-
tions related to: 1) the presenter, 2) the presentation
structure, 3) the environment, and 4) the equipment.
Comments were well spread among these categories, with
approximately 25% of the overall suggestions related to the
behavior of the presenter, 35% related to the presentation
structure, 19% related to the environment, and 21% related
to the equipment. Here are ten of the more common
suggestions, identified by category, given by this initial
group of respondents.

Suggestion 1 (Presenter). Allow and be available for
interaction. It is important for the presenter to greet and
interact with the audience, and several of the respon-
dents complained of the presenter completely ignoring
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the audience, usually by an intensive focus on the
equipment, both before and after the presentation. Such
basic audience interaction is essential for building
rapport with the audience, and for determining their
special interests or concerns with the topic.

Suggestion 2 (Presenter). Maintain eye contact with the
audience.. Good eye contact is very important when
speaking to a group and there can be a real tendency by a
speaker using a computer presentation package to sit
down and talk to the computer monitor instead of to the
audience. Sitting down and poor eye contact can both
make it very difficult for the audience to hear and
understand what the speaker is saying, and tends to
make it more difficult for an audience to pay attention.

Suggestion 3 (Presentation). Use a good presentation
structure. In any presentation, it is always a good policy
to use a solid introduction, body, and conclusion
structure. It is a bit like following the phrase of "tell
them what you are going to tell them, tell them, and tell
them what you told them". Several survey responses
stressed the need for clear objectives and purpose for the
presentation, and the use of a good solid communication
structure.

Suggestion 4 (Presentation). Avoid "information over-
load". Information overload for an audience can be a
real problem of a presenter using commercial presenta-
tion packages. It is so easy to use extensive graphics,
text, and c.vI.n animation, that often too much informa-
tion is includeo in a presentation, or on each of the
individual presentation slides. Using larger text, and
limited words and graphics to convey the desired
message will make the presentation more concise and
much easier for the audience to follow.

Suggestion 5 (Presentation). Use good pacing. Presenters
using a computer presentation package, may also tend to
move from frame to frame too quickly, especially since
this can happen with the mere touch of a mouse or
keyboard, rather than the older necessity of replacing a
transparency on an overhead transparency. Slowing
down, and providing a short pause between slides, will
help the audience keep up with the presentation and will
give their minds more "processing time". This sugges-
tion was a common one listed by respondents.

Suggestion 6 (Environment). Don't make the room too
dark. The most common of the respondent suggestions
was related to making the room light enough to take
notes, and to avoid the "voice from the dark" situation
for a presentation. One suggestion emphasized using an
additional overhead projector focused on the back wall
or ceiling of the room to increase lighting if needed
without using the overhead lights. A totally dark room
can also "over-relax" an audience, and make it difficult
for them to pay attention to presentation specifics for an
extended period of time.

Suggestion 7 (Environment) Fill the screen with the
projected display. Mother very common suggestion in
making it easier for the audience to actually see the
presentation visuals was to make them larger. In
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particular, the typical "speaker table" setup usually
found at conferences has the overhead projector and
LCD too close to the screen for an appropriate focal
length. Thus the presenter may to move the
equipment back far enough to make a large readable
picture for the full audience. The use of a large amount
of computer equipment by a presenter may also suggest
considering a different overall room setup (for example,
providing a larger aisle in the middle of the room), so
that everyone can see both the visuals and the presenter.

Suggestion 8 (Equipment) Be prepared for equipment
failure. Murphy's law says that "whatever can go wrong
will go wrong" and for some reason this seems to be the
rule rather than the exception when using computer
equipment in front of a large group of people. It is
essential to have a backup plan of some type when using
a computer projected display. A good backup plan may
include some standard overhead transparencies, 35 mm
slides, or basic handouts, all of which are easily facili-
tated with most commercial presentation packages.

Suggestion 9 (Equipment). Double-check your equipment
ahead of time. When possible, it is also a good idea to
run through the presentation at least once before
presenting it. This is especially true with conference
provided equipment, which may have different system
software and fonts than those the presenter usually uses.
Since time is often limited before a session, it may be
helpful to bring an external hard drive witlf* intact
system, or use the more common fonts and text styles
available, to help avoid the necessity of last minute
changes to a presentation file.

Suggestion 10 (Equipment) Focus on the message and not
the equipment. It is always important to remember that
unless demonstration of the equipment is actually the
topic, people are usually attending a session to hear
about an educational topic rather than to hear about
equipment and software. One respondent stated this
concisely, if not a bit too strongly, by suggesting
"present your concept, and not your technology toys".
Being topic focused, and to the point, is often appreci-
ated by the audience, and may help leave additional time
for questions at the end of the presentation.

Conclusion: All Presentations are
Human Endeavors

Perhaps the most interesting aspect of what we found
from this initial survey, is the relationship between the
human and the technology elements of a computer projected
presentation. Even with the powerful new capabilities of
commercial presentation packages, professionals still tend to
view such presentations as primarily "human endeavors"
that succeed or fail based on human rather than equipment
considerations. There was very little criticism of the
presentation packages themselves, and Po one suggested
that a presentation would be stronger without using one.
Most suggestions tended to reinforce that a presentation
really rests on more basic and fundamental considerations,
such as good speaking skills, good structure, and a clear
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concise message. As with most applications of technology
to education, the presentation package is merely a tool to
help get the job done, although it can no doubt be a very
powerful tool.

Based on the feedback from this pilot "audience", a
presenter using a computer presentation package, like any
presenter, needs to be especially aware that the audience is
present first and foremost to hear a professional colleagues'
perceptions of a topic or issue, and that the presentation
format itself should assist, rather than detract, from that
purpose. Computer presentation packages can no doubt
lend powerful assistance to conveying a presentation
message, as long as they are used in context of the overall
purpose. The general policy of letting the curriculum drive
the technology rather than the reverse, often cited by current
educational technology thinking, would seem to be a good
rule for using technology in professional oriented presenta-
tions as well.
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The aim of this paper is to present work on a concept for
giving lectures in a distributed computing system dedicated
for distance studies.

The Network University concept is based on a dedicated
distributed computing system. It's main components are a
student's workbench, a lecturer's workbench and several
servers, which are interconnected by a computer network
based on public communication services. The concept of
giving lectures within this environment integrates Computer
Mediated Communication (CMC) with Computer Aided
Instruction (CAI).

Although use of CMC and CAI in education are both
state of the art, systematically integrating them for these
purposes seems to be a new field of study. The Network
University concept addresses the problems observed by the
scientific community with isolated use of either CMC and
CAI. These problems result in part from neglecting issues
of Human Computer Interfaces (HCI) with the "traditional
approach".

Introduction
The Network University Lectures Concept is part of the

Network University project. This project aims in providing
means for reorganizing courses and lessons of a traditional
university curriculum in such a way that only part takes
place on campus while most of the time students work at
home with a dedicated student's workbench. This approach
tries to combine benefits of a traditional university curricu-
lum with those of a distant study approach.

Students of traditional universities benefit from the
community of students and faculty such universities
provide. This community enhances communication of
students one with another and of students with faculty.
Modern learning concepts, such as cooperative learning take
place on traditional universities implicitly, if not within
lectures and courses, then with self organized student
learning groups. Drop out rates with traditional universities,
though high, are lower than those with their Wstance
counterpart.

Distance learning is considered to be a cost effective
alternative to traditional universities. In addition, distance
learning addresses a target group which cannot be addressed
by traditional universities. According to Morton Rate
Paulsen (1993) distance learning offers six freedoms:
curriculum, space, time, access, medium and pace. These
freedoms allow people to attend courses, who would not be
able to study on traditional universities for reasons based in
lack of one or more of those freedoms.

The basic idea of the Network University Concept is to
use computers and computer networks to deliver university
services to the student's home. Lectures are such services.

The lesson type of a lecture is attuned to transfer
knowledge from the lecturer to students. According to this
goal, most communication in lectures is the monologue of
the lecturer. Students were asked to estimate the percentage
spent in lectures with monologue, dialogue and discussion.
Their estimates averaged in 90% monologue, 7% dialogue
and 5% discussion.
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CAI can be used to a large extent to surrogate a
lecturer's monologue. Dialogues and discussions can be
made possible at a distance by means of CMC. This
research project aims in proving these assumptions and in
implementing a prototype of a distributed computing system
tailored for this application.

Computer Aided instruction
As CAI is concerned, its value for teaching is well

known. As early as 1968 the ALCU project proved that it is
possible to improve learning efficiency with CAI (Seidel &
Lipsmeier, 1989). An improvement of needing 30% less
time for learning a specific subject with CAI than with
traditional classroom teaching was achieved. More recent
studies explore this in more detail, however they confirm
that students can learn better with CAI than with traditional
courses (Burnes & Bozeman, 1981; Kulik, Kulik & Cohen,
1980; Kulik, Bangert & Williams, 1983; Hasselbring, 1986;
Sageder, 1993). As Hasselbring (1986) observed, CAI in
particular enhances the learning success of students who
learn successfully anyway. However the studies mentioned
above point out that for optimal results, use of CAI has to be
complemented by intcraction and communication. They
recommend group work and discussions about the subject
learned with CAL More recently Sageder (1993), Moore
(1991), and Fulford & Zhang (1993) reaffirm the impor-
tance of communication and interaction when learning is
isolated.

Computer Mediated Communication
CMC provides means for communication without the

need of physical meetings. From that point of view it seems
to fit well the needs of distance learners. Especially when
using CAI, use of CMC for communication seems to be a
natural extension. However the state of the art of using of
CMC for education seems to be to use it without regard to
CM. Many recent distance courses of different kinds have
been using CMC (Bateson T,1992; Goldman, 1992;
Kearsley & Lynch, 1991; Kemp, 1992; Kendell & Oaks,
1992; Koschman, 1992; Levin, 1992; Paulsen, 1991a;
Paulsen, 1991; Philips, Santoro & Kuehn, 1988; Riel, 1992;
Roschelle, 1992).

The experiences resulting from these courses show that
CMC can be used successfully to implement several
interactive and cooperative educational methods with
success. In particular cooperative learning with CMC is
reported to be more successful than traditional lessons.
Students' motivation and diligence is enhanced with these
educational methods compared to traditional classroom
learning (Bateson, 1992; Compostella & Sligte, 1992;
Hawisher, 1992; Hansen, Chong, Kubota & Hubbard,
1993). However use of CMC may result in typical prob-
lems: Students may be aware of using it or they may have
problems with the complexity of standard CMC user
interfaces. Paulsen (1991a) points out that when concentrat-
ing on dealing with CMC user interfr.ces, the student may
withdraw the focus of attention fror. the subject of learning.

The Network Universities Lectures
Concept

The Network Universities Lectures Concept applies CAI
programs for presentation of subject matter while using
customized CMC for providing means for communication
between lecturers and students and for discussion. Support-
ing communication does not only provide means for
dialogues and discussions but also provides means for
complementing CM with communication as considered
necessary by Seide (1989), Moore (1991), Fulford
(1993),and Sageder (1993).

To overcome students problems with use of CMC,
suggested by Hansen (1993), Paulsen (1991), Kearsley &
Lynch (1991), this project concentrates on the Human
Computer Interface. In computer science it is well accepted
that the Human Computer Interface is a critical factor for
users ease or problems in using their computers. If learners
nave problems with using CMC when learning at distance,
one might question whether the CMC systems in use are
appropriate. Checking appropriateness in this context means
whether the functions provided meet the functions needed
and whether the functions needed are provided in a way that
matches the user's intuitive expectations.

Communication and Communicative
Actions

A way for analyzing appropriateness of tools is to
compare the steps needed to accomplish a task with a tool
with the steps intuitively expected to be necessary for
accomplishing this task by the user. One example is use of
electronic mail as a tool for communicating with the
lecturer.

To accomplish this task, the learner has
1. to switch from the CM program to the electronic mail

program which often is partitioned into
-1.1 leaving the CM program.
-1.2 activating the electronic mail program

2. to remember and supply the electronic mail address of
the lecturer

3 type in the question
4 leave the mail program
5 switch back to the CAI program

In the classroom environment, the learner only has to
catch the lecturer's attention and to ask the question. These
are the steps the student expects intuitively to have to
perform for asking a question. For simply hearing answers
and discussion contributions, the learner does not need to
start any action in a classroom environment, but with CMC
has to activate the appropriate programs.

This simple analysis illustrates that general CMC
systems are communication tools, which offer a user
interface requiring aztivities, that are strange when com-
pared to the intuitive expectation of what is to be done.
However, for the functions provided by those tools all these
actions are necessary. This situation will not change
significantly just by thinking about a better user interface for
CMC.
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Now, are all the functions, which CMC offers needed in
the Network Universities Lecture context? At the first
glance, yes. Interpersonal communication provided by
electronic mail and the group communication services are
needed. However, are they needed to the extent, that they
are offered? Here, the answer is no.

The learner, when learning a course topic, does not need
to communicate with any person or group reachable over a
network using arbitrary CMC services. What the learner
needs, is support for communicative activities arising from
attendance to a network course. Concentrating on such
activities can restrict the functions needed from the commu-
nicative system and hence redesign the user interface to be
more attuned to the situation.

Communicative activities supported this way or a
similar way are:
-asking questions about subject matter,
-discussing subject matter,
-chatting with pals,
-communicating with lecturers about administrative

concerns,
-implicitly gathering information about the students,

learning success and,
-guiding students' learning.

For these activities the addresses of communication
partners and discussion groups can be fixed in such a way
that they may not have to be supplied by the user anymore.

To make switching between CAI and CMC easier, they
are integrated into a single user interface which enables the
student to perform learning tasks and several communica-
tive actions. Instead of explicitly switching to CMC, the
student launches a communicative action such as asking a
question or joining a discussion. Use of CMC is implicit and
transparent to the student.

The Impact of Course Structure for
Communication

CAI courses are not implemented as monolithic
programs, but are structured into chapters, subchapters, and
topics. When assembling a CAI course, the lecturer arranges
which discussion group is appropriate for discussing the
subject matter of a topic or a chapter. In the same way the
lecturer arranges which tutor is in charge of answering
questions to a topic or a chapter.

The system keeps track of these structure when a student
works with CAI. Thus, when a student launches a commu-
nicative activity, the system "knows" which topic the
student was working with, when he launched that activity.
From this information it identifies which discussion group is
to be used for discussions or to which tutor questions are to
be sent. The student has only to deal with the topic. The
focus of attention stays with the subject of learning.
Answers and other messages are presented at the time they
match the subject being learned. So even answers and
messages do not remove the student's focus of attention
from the subject.

The User Interface
The user interface is based on MS-Windows, allowing

the user to launch actions just by "clicking a button". With
the student workplace, buttons for communicative activities
are permanently at the top of the screen, regardless of which
program is running. Thus a student at any moment can
launch a communicative action by clicking the appropriate
button. Receiving communication items is done automati-
cally. Messages and replies to questions are presented
automatically, when the student enters the topic again,
where the message belongs or where the question was
asked.

This approach provides interaction and communication
necessary for complementing CAI for achieving optimal
results. At the same time, it eliminates student's problems
with CMC interfaces and distraction of the student's focus
of attention from the subject of learning. This is done by
replacing complex CMC user interfaces by simple facilities
for performing communicative actions such as asking
questions or discussing on a per subject basis.
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NCATE is the National Council for Accreditation of
Teacher Education, the foremost teacher accreditation
agency in the United States. Since the International Society
for Technology in Education (ISTE) has become a specialty
organization under the NCATE umbrella, certain techology-
education folios should be written as preconditions to an
NCATE visit. Colleges seeking new and continuing
NCATE accreditation for their education units will be
required to meet new standards that include broad use of
technology in teacher preparation programs. NCATE's
standards address four categories: I. Curriculum of Profes-
sional Education, II. Candidates in Professional Education,
Ill. Professional Education Faculty, and IV. The Unit for
Professional Education. Within the categories are stan-
dards; these are further refined into indicators.

In June 1993, Arthur E. Wise, President of NCATE,
circulated a Draft of the Refmement of NCATE Ptofes-
sional Accreditation Standards with an invitation to use it
for focus discussions at professional meetings. NCATE has
come to the realization that technology in education is here
to stay and that teacher education programs without
technology are lacking in very fundamental areas. Within
the very limited space alloted is an overview of the places in
which technology impacts proposed NCATE standards.

Proposed Technology-related Standards
Of particular interest to participants in the Technology

and Teacher Education Conference are those standards and
indicators that directly address the uses of technology in the
teacher education process. In order to focus on the roles that
technology will play in this process, each related standard is
presented to provide a frame of reference and the technol-
ogy emphasis is in italics. NCATE assumes that each unit
will interpret the indicator in terms of its own needs and
programs. The text excerpts that follow were taken from
the proposal document (NCATE, 1993).

Standard I.A-3: Content Studies for Initial Teacher
Preparation (Initial). Indicator 5 states, " Content studies
provide candidates with a well-planned sequence of courses
and experiences that develop an understanding of the
structure, skills, concepts, ideas, values, facts, methods of
inquiry and uses of technological tools for the subjects they
plan to teach.

Standard I.A-4: Pedagogical Studies for Initial Teacher
Preparation (Initial). Indicator 8 includes two new technol-
ogy components. "The professional studies include
knowledge and appropriate experiences with: (a) the social,
historical, and philosophical foundations of education,
including an understanding of classrooms and schools as
social systems and the impact of technology and societal
changes on schools; (f) educational computing, including
the use of computer and related technology in instruction,
assessment, and professional productivity". Indicator 9
states "The pedagogical studies for the initial preparation of
teachers provides knowledge about and appropriate skills in
.... instructional strategies, including the use of instructional
technology;...".

Standard I.B-1: Quality of Instruction (Initial and
Advanced). Indicator 19, a totally new criterion, states
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"Instruction reflects knowledge and use of various instruc-
tional strategies and technlogies".

Standard II.C: Monitoring and Assessing the Progress of
Candidates (Initial and Advanced). Indicator 37 has been
expanded to include, "Assessment of candidates' progress is
based on multiple data sources including grade point
average (GPA), observations or videotapes of performance
of applications of various instructional strategies and
technologies,...".

Standard III.A: Faculty Qualifications (Initial and
Advanced). New indicator 45(b) states," Faculty model the
integration of computers and technology in their field of
specialization."

Standard IV.B: Resources for Teaching and Scholarship
(Initial and Advanced). Indicator 67 states, "Faculty and
candidates have training in and access to education-related
electronic information, video resources, computer hardware,
software, related technologies, and other similar sources".

Standard W.C. Other Resources for the Unit (Initial and
Advanced). Indicator 73 states, "Facilities and equipment
support education communication and instructional
technology needs, including computers, and they are
functional, and well-maintained."

Impact for STATE Members
The recognition of technology components in the

accreditation process has many significant implications for
teachers of technology-based learning. Most importantly,
these standards and indicators reflect the acceptance of
educational technology as a fundamental part of the
teaching, learning, assessment, evaluation, and productivity
processes. They give credence to the importance of
technology across the grades and curricula, to the need for
teachers with a wide-range of technology skills and
concepts, and to the need for teacher-educators who will
remain on the cutting edge of educational technology.

Senior faculty, even those who may be responsive to
technologic innovation, may be unwilling to invest the
countless hours required to redesign their lectures and
modes of teaching. Just as technology has provided the
tools for creating a seamless curriculum (Abramson, 1992),
it has similarly stimulated a need for revamping and
interconnecting courses. Many units will create opportuni-
ties for subject-specialty faculty to team-teach with
technology-specialty faculty. The standards and indicators
provide guidelines for the development of learning commu-
nities within the professional sequence program.

At last, technology in teacher education is gaining
recognition within the profession. Much of the credit for our
"coming of age" is a function of the excellent work done by
the ISTE Accreditation Committee, based upon feedback
from all of us. Let us act upon our newly-found strengths
and use technology to raise educational achievements to
previously unattainable levels.
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Anchored instruction is a model that emphasizes the
creation of an anchor or focus around which instruction can
take place. It is defined as, "A focal point or problem
situation that provides [a link] for students' perceptions and
comprehension" (Bransford, Sherwood, Hasselbring,
Kinzer, & Williams, 1990, p. 123). McLarty, Goodman,
Risko, Kinzer, Vye, Rowe, & Carson (1990) expanded on
this definition by adding that anchored instruction is, "A
rich shared environment that generates interesi and enables
students to identify and define problems while they explore
the content from many different perspectives" (p. 2). This
instructional model helps alleviate the problem of inert
knowledgethe type of knowledge that people can recall
when prompted, but cannot recall spontaneously during
problem solving (The Cognition and Technology Group at
Vanderbilt, 1990).

Often in educational technology classes designed for
presereice teachers, the knowledge and skills students
acquire are inert. For example, students may learn the
mechanics of operating desktop publishing software;
however, they have difficulty applying their knowledge of
desktop publishing in their own teaching activities because
of the way in which the topic was presented to them
originally.

There are two major reasons for incorporating anchored
instruction as a model for an educational technology course
for preservice teachers. First, researchers feel that such an
approach lends itself to teaching preservice teachers how to
use a variety of technologies. Students can construct
projects centered around the anchor using various technolo-
gies. Since the anchor can be tied to real world events, the
problem of inert knowledge can be avoided. Second, the
anchored instruction model is one that the preservice
teachers can transfer to their own teaching. It is a model
that can be applied to any grade level or content area, and
could be used to integrate content areas. The anchor can
serve as both a context within which they can practice what
they have learned about a single technology, as well as a
common thread with which a number of technologies can be
sewn together.

Researchers investigated how anchored instruction
could be used to teach educational technolog courses to
preservice teachers at the University of Northern Colorado
(UNC) by designing a course based on McL.arty's (1990)
seven key decision points in anchored instruction. Re-
searchers borrowed five of McLarty's decision points and
added one of their own. They were, respectively:

Choosing an appropriate anchor
Developing shared expertise around the anchor
Expanding the anchor
Teaching with the anchor
Allowing student exploration
Sharing what was learned from the anchored instruction

Researchers were interested in determining the extent to
which students could apply the model from the viewpoint of
a teacher once they had participated in anchored instruction
as a student. The following sections discuss how the
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educational technology course was designed using anchored
instruction following the six key decision points.

Choosing an Appropriate Anchor
The first task in designing a course using anchored

instruction as a model is to choose an appropriate anchor.
Computer simulations, films, videos, and printed materials
all can be used as anchors (Cognition and Technology
Group at Vanderbilt, 1993). But the key to selecting a good
anchor is that it should be capable of supporting multiple
disciplines, and it should be rich enough to support problem
solving (McLarty et al., 1990).

For the preservice educational technology course at
UNC, the popular computer simulation Oregon Trail was
chosen as the anchor. Researchers felt that it met the criteria
for a good anchor because it could stimulate thought in a
variety of disciplines including math, science, history,
geography, and language arts. Additionally, many projects
could be designed around this anchor that required students
to use various technologies.

The Oregon Trail simulation is also rich enough to
support problem solving. For example, students could
collect data along their vicarious Oregon Trai/ journey such
as distance between landmarks, number of days it took to
travel between two landmarks, the daily temperature
extremes, and so on. This data could then be entered into a
spreadsheet along with data from other students in the class
who participated in the simulation. Formulas could be
constructed to compute the average speeds of the various
wagon trains. Students could then extrapolate the data and
make inferences to answer questions such as:

Did the daily temperatures influence the speed at which
the wagon trains traveled?
Did the occupations of the wagon trait :alders influence
how many people in the various wagon vain parties
successfully reached Oregon?
Did the rinie of the year in which the wagon trains left
Independence affect the number of people who success-
fully reached Oregon?

These and other questions could be constructed by the
students. This is just one example of how the Oregon Trail
simulation supported a rich, problem solving environment.

Another consideration when selecting the anchor for the
preservice educational technology class was whether or not
the anchor would maintain the students' interest. The year
1993 marked the 150th anniversary of the Oregon Trail, and
local press coverage of activities surrounding the anniver-
sary was quite extensive. Several students cut out related
news stories from the local newspapers and videotaped
television specials for use in their projects. Since there was
much regional interest in the Oregon Trailduring 1993, this
choice of anchors turned out to be better than researchers
initially expected.

Developing Shared Expertise and
Expanding the Anchor

By participating in the computer simulation Oregon

Trail, students naturally began to develop a shared expertise

around the anchor. To ensure that student experiences with
the simulation were not merely superficial, researchers
encouraged critical viewing skills by having students keep a
detailed record of places visited, dates, and other details.
The next step was to develop this shared expertise further by
expanding the anchor. The key element in this process was
library research that made use of a variety of technologies
including on-line databases and CD-ROM resources.
Again, problem solving skills were essential to finding the
information necessary to produce the various projects
related to the anchor. For example, one of the projects
required students to construct a newsletter based on some
location along the Oregon Trail using desktop publishing
software. Students were assigned a landmark and were
asked to research that location and write stories about it.
Some of the locations were quite obscure and required
creative search strategies in order to obtain information.

Researchers have since added a workshop on developing
search strategies, using CD-ROM library catalogs, and
using on-line databases and e-mail through the Internet.
These additions to the preservice educational technology
course were designed to aid in the expansion process. This
was necessary because many of the preservice teachers did
not have adequate prerequisite skills that would allow them
to make effective uses of such resources.

Teaching With the Anchor
Once students had developed a shared expertise and had

expanded the anchor by conducting their own research,
many different technologies (innovations) could be taught
using the anchor. Instruction on the use of these innovations
usually involved workshops where students first learned the
basics by way of direct, hands-on instruction. They were
then assigned a project related to the anchor that made use
of the innovation. The following projects are examples that
illustrate this procf,ss.

Word Procesing Project. Students imported the
Oregon Trail 'Mail Log" into Microsoft Word 5.1 and
made use of the various editing features to write letters
home from the nail based on these 'Trail Logs."

Drawing Project. Students used the popular Claris
MacDraw application to illustrate a scene from their "Trail
Log." The drawings were then exported to a variety of other
documents.

Spreadsheet Project Students constructed a spread-
sheet based on various data (e.g., dates, distances, amounts
of money) collected during the Oregon Trail simulation.
They manipulated and extrapolated this data in order to
draw inferences and construct relationships among vari-
ables.

Scanning Project. Students gathered pictures from
books, journals, newspapers, etc., and scanned these images
using a flatbed scanner. These images were then processed
using Adobe Photoshop and MicroFrontier Color It! to be
used in the Desktop Publishing and Presentation Projects.

Desktop Publishing Project. Students combined
elements from the Word Processing, Drawing, and Scan-
ning Projects to create a newsletter based upon some
location along the Oregon Trail.
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HyperCard Project Students designed HyperCard
stacks that presented information about the Oregon Trail
location that they had been assigned to research. In the
future, researchers will form "expert groups" who gather
textual and graphic data on a facet of the anchor. Each
expert group will be responsible to make a stack; all stacks
will then be integrated into a large stack and shared among
all class members.

Presentation Project. Students were asked to design a
presentation using Aldus Persuasion that illustrated how
they could use the Oregon Trail anchor to teach something
in their content area. These presentations were shared on
the last day of the semester.

Before anchored instruction was adopted as a model in
the preservice educational technology course, all of the
topics listed above had been taught as discreet workshops.
The projects that went along with the workshops were
unrelated to each other and had very few guidelines. For
example, students would be given instructions on how to
use spreadsheets and then asked to design a spreadsheet
based on something that interested them. The results were
often less than satisfactory with students completing the
projects by doing the minimum amount of work required.
When the Oregon Trail anchor was introduced in the
Summer Semester, 1993, researchers noted a remarkable
difference in the quality of the projects submitted. Students
took much more pride in their finished projects and
commented frequently how helpful it was to have a theme
on which to base these projects. In all, teaching with the
anchor was very natural and resulted in enhanced student
performance on the required projects.

Allowing Student Exploration
In one section of the preservice educational technology

course, five students were selected to participate in a special
multimedia project related to the Oregon Trail anchor.
These students were asked to gather materials that could be
incorporated into an interactive video program. Researchers
provided scaffolding by writing applicable HyperCard
scripts and connecting the necessary hardware which freed
the students to design and develop their project. One
student explored the role of minorities in the Westward
Movement of the mid-1800s. He visited a museum exhibit
in Denver devoted to Black Cowboys and produced video
clips based on this information for use in the multimedia
project. Another student looked at how Hollywood has
stereotyped individuals who helped settle the West. He
compared Hollywood's vision of the Western hero with a
more realistic vision through the use of video clips from
Jeremiah Johnson, Stagecoach, and other movies. A third
student engaged in further exploration of the anchor by
interviewing a local historian who specialized in animal
traps used by fur traders during the mid-1800s. She
videotaped a visit to this historian's museum and incorpo-
rated this documentary material in the multimedia project.
The whole process of design, videotaping, and writing the
applicable HyperCard scripts to display live video turned
out to be very labor intensive for both students and instruc-
tors. However, researchers concluded that multimedia
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projects are a terrific way to get students to engage in
exploration of topics related to the anchor.

Other students who were not involved in the special
multimedia project also explored topics related to the
anchor. Many were able to combine their own interests in
areas such as music, art, and engineering while producing
the projects outlined earlier.

Sharing What Was Learned From the
Anchored Instruction

Finally, students were asked to share their projects. In
doing so, they gained valuable insight into various creative
processes present among individuals in the class. The
process of sharing also created a sense of pride among
studentsespecially when they shared their desktop
publishing and presentation software projects. Bransford et
al. (1990) noted that students find the creation of multime-
dia projects highly motivating, in part because of the
professional look of the results. They conjectured that the
professional look increases audience interest and therefore
the quality of audience feedback during presentation. By
contrast, other researchers have discovered that students
designing multimedia projects were more interested in
pleasing themselves and other members of their collabora-
tive groups than trying to impress an outside audience
(Carver, Lehrer, Connell & Erickson, 1992). In the
preservice teacher technology course, there was a sense of
friendly competition among students when they showed off
their use of color, special effects, graphics, creative uses of
scanned images, and so on during the last class meeting.
Researchers observed that students were very proud of what
they had created. In all of these cases, the opportunity to
develop a "presentation-quality" product provided strong
student motivation.

Results of Using Anchored Instruciion
Researchers were interested in determining whether

using anchored instruction would lend itself to teaching
preservice teachers how to use a variety of technologies, and
the extent to which students could apply the model from the
viewpoint of a teacher once they had participated in
anchored instruction experience. A variety of data were
collected including:

Videotaped observations of students working on projects
Videotaped interviews with selected students
Documentation in the form of student produced projects
Information provided by instructors

Students did learn how to incorporate a variety of
technologies using an anchored instruction approach.
Clearly, the student prrjects demonstrated that they were
quite competent at using word processing, spreadsheets,
drawing programs, desktop publishing, and other innova-
tions. Students also mentioned in interviews that, while at
first many of them were very apprehensive about their
ability to learn some of the more complicated programs, by
the end of the term they were very comfortable with even
the most complex applications. Data provided by the
instructors supported these claims.
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The second research questionwhether students could
apply the anchored instruction model in their own teach-
ingis more difficult to determine. Most of the students
interviewed mentioned that they understood the model and
felt it was very worthwhile to learn. Several said that they
planned on applying a similar approach in their own
teaching. However, exposure to this model in a single two
semester hour course is not likely to make a great deal of
difference in the long run. A longitudinal study would be
needed in order to determine whether exposure to the
anchored instruction model had any impact on the student
participants in their own teaching.

Researchers noted several advantages and disadvantages
in using anchored instruction to teach preservice educational
technology classes. Advantages included:

Preservice teachers developed a richer understanding of
integrated curriculum
Preservice teachers who participated in the anchored
instruction course planned and produced better quality
projects than those who participated in a context-free
section of the course
Anchored instruction facilitated cooperative learning

Disadvantages included:
Preservice teachers exhibited problem solving deficien-
cies
Anchored instruction was labor intensive
Preservice teachers expressed concerns about having
access to similar technologies when they leave the
university

One continuing problem that researchers observed from
the use of an anchored instruction approach was role
confusion on the part of the preservice teachers. During the
anchored instruction process, they were asked to play the
role of students, producing projects as their own future
students would. In this way, they could observe teachers
(the researchers) modeling anchored instruction firsthand.
However, in the presentation software project, they were
asked to turn around and imagine how they would apply this
model as a teacher in their own classroom. This was
designed to assess whether they understood the model and
could use it in the classes they would teach. Researchers
noted some confusion on the part of the preservice teachers
related to this change of roles.

For Further Research
Using anchored instruction to teach preservice teachers

educational technology appears to have worked well.
However, many questions emerged from this initial
investigation. Specifically:

Can students apply this model in their own teaching?
Does an anchored instructional approach enhance
student learning of technology applications in the
classroom?
Are there unique outcomes from using anchored
instruction that researchers have not anticipated?

Does using anchored instruction influence student
attitudes toward the use of computers in their own
teaching?

These questions will require further study in future
sections of preservice educational technology classes.

References
Bransford, J., Sherwood, R., Hasselbring, T., Kinzer, C., &

Williams, S. (1990). Anchored instruction: Why we need it
and how technology can help. In D. Nix & R. Spiro (FrIs.),
Cognition education and nuatimedia: Evloring ideas in high
technology (pp. 115-141). Hillsdale, NJ: Lawrence Erlbaum
Associates, Inc.

Carver, S. M., Lehrer, R., Connell, T., and Erickson, J. (1992).
Learning by hypermedia design: Issues of acsecsment and
implementation. Educational Psychologist, 27(3), 385-404.

Cognition and Technology Group at Vanderbilt (1993). An-
chored instruction and situated cognition revisited. Educa-
tional Technology, 33(3), 52-70.

Cognition and Technology Group at Vanderbilt. (1990).
Anchored instruction and its relationship to situated cognition.
Educational Researcher, 19(6), 2-10.

MeLarty, K., Goodman, J., Risko, V., Kinzer, C., Vye, N., Rowe,
D., & Carson, J. (1990). Implementing anchored instruction:
Guiding principles for curriculum development. Paper
presented at the Annual Meeting of the National Reading
Conference. (ERIC Document Reproduction Service No. ED
315 736).

Jeffrey W. Bauer, Ph.D., is Assistant Professor of Educa-
tional Technology and Coordinator of the Interdisciplinary
Center for Educational Technology at the College of
Education, University of Northern Colorado, Greeley, CO
80631
e-mail JWBauer@Dijkstra.UnivNorthCo.Edu

Eric R. Ellefsen is a doctoral student in Educational
Technology at the University of Northern Colorado Division
of Research, Evaluation and Development, University of
Northern Colorado, Greeley, CO 80631
e-Mail: Ellefsen@Dijkstra.UnivNorthCo.Edu

Adele M. Hall is an elementary school teacher for the
Rutland Public Schools, 191 Granger Street, Rutland VT
05701

134 Technology and Teacher Educafion Annual 1994

1 4 6

vsf



A Technology Enhanced
Approach to Special
Education Personnel

Preparation

Dave L. Edyburn
_University of Wisconsin-Milwaukee

Herbert J. Rieth
Peabody College, Vanderbilt

University

Linda J. Bishop
Peabody College, Vanderbilt

University

Currently, reform is the clarion cry in teacher prepara-
tion. Commissions, legislators, and educators are calling for
reforms in teacher preparation programs. Despite the on-
going discussion regarding the need for educational reform
in higher education, relatively little attention has been
focused on instructional improvement. While the role of
technology in facilitating fundamental change in education
is often cited, it appears that most reform efforts to-date
have neglected to utilize information technolotes as
integral components of school improvement activities.

Doyle (1990) argues that several important conceptual
and methodological directions are emerging from the
intellectual turbulence in teacher education that should help
enhance the future of teacher education. The first is a
broadening of the intellectual foundations for teaching and
teacher education beyond educational psychology, which
focuses on teacher behavior, to other disciplines that focus
on understanding contexts. Second, he suggests the use of
alternative sources of information from the content field,
cognitive studies, and research on pedagogical-content and
enactment knowledge that are much richer than process-
product findings for conceptualizing practices. Third, new
understandings emerging from classroom research clearly
suggest that practical teaching knowledge is interpretive
and/or procedural rather than simply prescriptive. That is,
useful knowledge enables teachers to build on their reper-
toire of instructional and management skills to: (a) under-
stand classroom curriculum, management, and instruction
events so that instructional practices can be selected that fit
specific classroom situations, and (b) know how to carry out
a practice in typical teaching contexts.

Advances in multimedia technology allow teacher
trainers to use video to enable students to explore multiple
classroom environments (Abate, 1992; Goldman & Barron,
1990). They can view multiple instances of expert teachers
modelling effective teaching behavior and solving academic
and social behavior problems. The goal is to create
instructional anchors that provide shared information that
can be used to develop knowledge about problem solving
skills and effective teaching strategies (Cognition and
Technology Group at Vanderbilt, 1990). Using multimedia
in conjunction with anchored instruction allows the creation
of shared environments that permit sustained exploration by
students to enable them to understand the kinds of problems
and opportunities that expert teachers encounter and the
knowledge these experts use as tools. However, the
technology itself is not a vehicle for the acquisition of skills
or the construction of knowledge (deCorte, 1990; Elliott,
1985; Papert, 1990; Salomon, 1990). Rather, skill acquisi-
tion and knowledge construction is embedded in a rich and
developmentally appropriate teaching-learning envirol;-
ment.

The Technology Enhanced Teacher Training (lb I f)
project was designed in response to the call for increased
quality and alternative approaches to teacher preparation
(Hawley, 1988; Holmes Group, 1986), the need for addi-
tional empirical information regarding teacher preparation
(Houston, Haberman, & Sikula 1990), and the emergence of
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technology as a powerful teaching tool (Cognition and
Technology Group at Vanderbilt, 1990; Rieth, Haus, &
Bahr, 1989). The purpose of this federally-funded special
project is to develop, evaluate, replicate, and disseminate an
exemplary technology enhanced undergraduate and
graduate teacher training program that incorporates the most
recent advances in multimedia and video technology,
cognitive psychology, teacher behavior research, teacher
training research, and behavioral technology.

Technology Enhanced Teacher Training
The project focuses on restructuring teaching and

learning in the college classroom through the use of
multimedia technology. It addresses a major impediment to
the use of technology to restructure instruction and learning
in higher education: the absence of accessible easy-to-use
software tools and content resources to integrate technology
applications into their courses.

To address this impediment, the investigators are
developing a powerful, flexible, and integrated software
system called, Teaching Assistant. A critical design feature
of Teaching Assistant is that it will serve as a multimedia
shell for integrating a number of off-the-shelf products
which have been specifically selected to enhance two
dimensions of faculty productivity: professional and
instructional (Gardner & Edyburn, 1993). This approach
provides faculty members with a toolkit of software
programs (multimedia, word processing, database, spread-
sheet, telecommunications, graphing/drawing, desktop
publishing, and presentation) that contributes to professional
productivity while simultaneously supporting new forms of
instructional presentation. As a result, by integrating a
number of separate classroom functions, Teaching Assistant
serves as a hybrid product that provides college faculty with
the necessary tools to use technology in support of their
efforts to enhance teaching and learning. Specifically, the
software program will be composed of four categories of
tools.

Components of Teaching Assistant
The first component of Teaching Assistant is Teaching

Tools. This component involves four types of tools. A
Presentation Manager serves as a simplified authoring
system to facilitate the development and integration of
textual information and videodisc material. The conceptual
foundations which guide the development in this area are
found in the effective instruction literature. A r:cond tool is
Scenario Builder, which is a software system for preparing
and presenting case-based problem solving scenarios.
Development in this area is based on the emerging literature
on the use of cases in teacher education. A third tool is
based on the literature concerning the use of concept
mapping. Map Maker is a software program for creating
maps illustrating the connections between the key course
concepts. Finally, the fourth tool involves the creation,
storage, and retrieval of knowledge bases. The development
in this area is supported by the literature on the increasing
importance of information processing skills.

The second component of Teaching Assistant involves

Tools for Learning. These are full-featured products that
professionals are expected to be able to use in their work.
Examples include: word processing, database, spreadsheet,
and telecommunications. It is also expected that faculty will
want to incorporate a number of content area-specific tools.
As a result, one important related activity involves extensive
searches for commercially-available K-12 and higher
education software. While it is impossible to imagine all the
possible combinations of software that might be appropriate,
Teaching Assistant will have the capability of launching any
program. As a starting point, the literature provides an
excellent basis from which to select programs that have
been identified as being high-quality and having a signifi-
cant installed base (Neill & Neill, 1993; White & Righi,
1991). The conceptual foundations which guide the
development in this area are found in the work of Gustafson
and Reeves (1990) who observe that new approaches to
using technology for instruction will serve to blur the
distinctions between education and training. Thus, profes-
sors will be able to introduce students to essential "tools of
the trade" as well as model strategies that increase the
effectiveness of these tools.

The third component of Teaching Assistant consists of
Coursework Management tools. To this end, templates and
strategies would be developed to assist faculty in creating a
number of specific applications for their course, including:
planning notes, syllabus, class calendar, strategies for
success, gradebook, course assignment profiles, and a study
guide maker. The conceptual foundations that support
development in this area are based in the instructional
improvement literature.

The fourth component of Teaching Assistant involves
the use of technology as a repository of text, graphics,
sound, and video that can be accessed individually through
libraries or integrated into other tools on the desktop. This
approach enables faculty members to build an electronic
library in a manner and style of their own choosing (a
critiCal attribute in the literature on personal information
cystems). In the context of teaching, a serendipitous event

prompt the professor to access an item within one of
the libraries. This storage system also provides a conve-
nient method for linking various items in the context of
presentations: graphics, student work samples, quotes, etc..

Applications
The creation and use of a multhaedia interface that

serves to launch custom software, commercial software, and
control peripherals like videodisc players represents a
significant advance in technology integration efforts by: (a)
filling a void in the commercial marketplace for a common
software interface, (b) facilitating faculty training, (c)
reducing the mechanical demands placed on the instructor
during class time, (d) reducing the response cost (time and
resources) to lesson preparation, and (e) creating a standard
environment that can also be customized or expanded to
meet the needs of any user.

The development, evaluation, and modification of a
multimedia interface like Teaching Assistant represents an
essential task for facilitating the process of technology
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integration in teacher education. Studying the design,
Implementation, and effectiveness of this type of tool
facilitates understanding how technology enhances teaching
and learning in college classrooms Currently, Teaching
Assistant is being field-tested at universities in four states.
Readers interested in additional information about this
project or in serving as a held-test site are encouraged to
contact the authors.
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Five Practical Examples of
Software Integration in

University Level Courses

Cheryl A. Murphy
West Virginia University

As the potential for computer use in higher education
increases, the pressure to integrate computers in curricula
also increases. With this pressure, the reluctance and
excuses for non-implementation continue to mount. Some
of the most common responses given when asked why
computers are not being used are:
a.) it is difficult and impractical to integrate the computers

into the curricula;
b.) it will take too much time;
c.) the students won't learn anything more from the

computer than from normal instruction; and
d.) computers are all fun and games; learning is a serious

matter.

Although these excuses may be valid in a few instances,
for the most part they are founded in misconceptions about
computer technology. To challenge the misconceptions and
illustrate the utility of computers in higher education,
especially teacher education, five specific instances of the
implementation of computers in instruction have been
developed in this article. The five instances briefly describe
and detail the following:
a.) the various abilities of the software applications used,
b.) the time investments required of the instructors to learn

the programs and develop instructional materials,
c.) the student prerequisites and time investments
d.) the links and complements between the computer

programs and the regular curricula, and
e.) the potential learning ot comes and benefits of integrat-

ing computers and instruction.

Because of the recent interest and investigation of
cognitive links, semantic networks, and knowledge struc-
tures, the five software packages selected for the following
curricula integration examples require concept links and
knowledge structures to be developed by the student. Each
of the five integration examples centers around a different
program. These programs include the authoring program
Authorware Professional® , the presentation package
Action!®, and the concept mapping and knowledge
structure programs Inspiration® , SemItlete , and Learning
Tool®. The following instances are examples of the
implementation of computers in instruction and will
hopefully challenge the misconceptions and illustrate the
utility of computers in higher education, especially teacher
education.

Authorware ProfessionalS
Authorware Professional® is an authoring program that

allows users to create their own programs and instruction on
the computer without learning a computer language. It is a
software tool that can easily incorporate multimedia such as
sound, video, and graphics, and it is available on both
Macintosh and DOS platforms. As an instructional tool,
Authorware Professional® could be especially beneficial to
preservice teachers as they experiment and discover
alternative ways of teaching and learn the fundamentals of
instructional design.

Authorware Professional® could readily be used by
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both the instructor and student in an undergraduate learning
theories class with only the basic knowledge of how to
operate the computer as a prerequisite for the students. The
instructor must obtain a slight working knowledge of the
program, but by no means must the instructor become a
programmer or computer whiz. On the contrary, within
three weeks of working with the program, adequate
knowledge should be acquired. Within those three weeks
the instructor should be able to create a small program that
outlines the basic learning theories and their underlying
principles. Associated with required readings for the
course, this program would be used to replace overheads
and could easily involve such multimedia aspects as
graphics, video, and audio to address the needs of the
various learning styles within the class.

The students, after completing the required course
readings, could run the program to gain insight into various
learning theories. Class discussions would also be included
to alleviate any misconceptions or elaborate upon any
unclear areas. Once the learning theories were presented in
the course readings and on the computer, the students would
then be required to make their own computer program
involving content from their specific content area and
designed around a specific learning theory. For example, an
education major with an emphasis on biology may create a
computer lesson on the classification of a species using the
behavioral learning theory approach. Because the student
will have already been introduced to Authorware Profes-
sional@ in the beginning of the semester, it will only require
approximately three to four class sessions to learn enough
basics of the program to complete the assignment.

Upon completion of the course, the students will have
created computer programs that belong to them, learned the
application of various learning theories to content, learned
the basics of an authoring program, created an alternative
way of teaching, experienced an alternative way of teaching,
brushed up on their content area, and hopefully developed
an understanding of how computers can be used in educa-
tion. Authorware Professional® allows the students to
accomplish all of this while it also addresses the needs of
various learning styles. Likewise, it allows for student
interaction and promotes a cognitive process that does not
normally occur in a plain lecture classroom.

Actione
Action!@ is a presentation package capable of incorpo-

rating text, graphics, motion, interactivity, and audio with
minimal effort. In essence, it can produce highly sophisti-
cated slide shows and presentations without requiring a
great deal of computer knowledge from the user. Obviously
this computer package would be ideal for anyone in higher
education who creates presentations. However, this
package could also be useful to preservice education majors
who are learning about multimedia and computer applica-
tions. In a multimedia course it would be easy and practical
to integrate the use of Action.t® with the readings so that
concepts are linked together and illustrated at the same time.

Because of the ease of the progrom, the prerequisites for
the students would require only that they know the most

basic steps of operating a computer. The instructor would
be required to have a working knowledge of Actionn, but
the program is easy to learn and this could be accomplished
with minimum effort in only a few weeks.

To implement Actionn, various articles and readings on
multimedia would be read and the instructor would perform
a brief presentation on the articles using Action.f® to
illustrate what will be expected of the students. One day of
instruction on the operation of the program would be given
to provide students with enough knowledge to create their
own brief presentations. For the next group of readings, the
students would pair up and create short presentations
incorporating the basics of the program and tying together
the readings. As the readings covered materials such as
graphics and audio in multimedia, brief instruction on the
use of those features in Action/0 would be provided and the
students would be expected to incorporate those multimedia
features into their presentations of those readings.

This process would continue and the outcomes would be
that the students had practiced implementing all types of
multimedia, tied related readings together, and became
proficient in using a presentation package. The benefits of
the instruction involve the interaction of the students with
each other and with multimedia, the hands-on practicality,
the cognitive processing that would be required to logically
develop the presentation, and the presentations themselves
which could be reviewed at any thne for future reference.

Inspiration®
Inspiration® is a conceptual mapping program that

allows the user to create the content and content Links, and
make detailed connections ben veen various concepts. It is a
simple cognitive tool that can x used in any college
classroom to illustrate and rev ,ew concept relatedness and
the infrastructure of any typf of content. The program is
fairly simple to use and can oe adequately learned by the
students in two class sessions. The only prerequisite of
students would be that they understand the most basic
knowledge of using the computer. The instructor would
need to acquire a good working knowledge of the program,
which would take no more than one week.

In courses, required readings are often related. Because
of this, Inspiration® is the perfect tool to allow students to
integrate the readings and link the primary concepts
together. To accomplish this, after instruction is given on
Inspiration®, the instructor would require the students to
build concept maps which link the main concepts of the
readings together. No breadth or depth limit should be
imposed. Rather, the student would be free to create as
detailed a map as necessary to build the knowledge structure
for themselves. Discussions of the rcadings and maps
would occur during class to alleviate any misconcepzions or
redirect any misunderstandings of the materials.

By using Inspiration®, the students would be permitted
to create their own knowledge structures in a format and
pace that was most suitable for them. They would use
cognitive processing to organize and relate concepts and
they would gain a conceptual understanding of the interre-
latedness of the materials. Inspiration® also allows student
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interactivity and permits the student to control their own
learning.

Sem NeND
Sem Net® is another conceptual mapping program. It

allows for extremely detailed and connected conceptual
maps involving numerous levels, and could readily be used
with preservice education majors. One of the primary
functions of a teacher is to organize and deliver instruction
of specified content. However, organizing this content is
not always easy, and deciding on the order of presentation is
another difficult task. This is an area in which SemNet®
would be ideal. In an undergraduate class teaching content
organization and lesson planning, SemNet® could be used
to aid the student with these tasks.

The prerequisite skills for the students would require
that they possess the basic knowledge of how to operate a
computer. Because SemNet® is so versatile and in-depth, at
least three class sessions would be required to teach the
students how to use the program properly, and approxi-
mately two weeks would be required of the instructor to
learn the program prior to the course. Once this was
accomplished, each student would then be required to create
a concept map of a lesson. Each of the primary concepts of
the lesson must be included as well as all subconcepts that
would be addressed. No breadth or depth restrictions or
requirements should be placed on the maps to allow the
learner freedom to develop as detailed a map as necessary to
create an individualized knowledge structure for those
concepts.

Once the concept map was complete, the student would
use it for reference when developing lesson plans and to
identify prerequisite skills that need to be taught first. Using
SemNet® would permit the students to create their own
knowledge structure of their content at a pace and format
that was most productive to them. It would force them to
recognize connections between concepts and allow them to
conceptualize their content area in a global fashion. It
would also require extmsive review of the content area and
allow students to recognize concept interrelatedness.
SemNet® also provides student interactivity and promotes
deep cognitive processing on the student's part.

Learning Toola
Learning Tool® is a conceptual mapping program also.

It allows users to create detailed concept maps and submaps,
and provides the user with an electronic notebook that will
store information on each of the various concepts. Learning
Tool® is an easy-to-use study guide that has the capabilities
to test the user on the concepts entered. This makes
Learning Tool® the perfect candidate for use in an under-
graduate study skills course.

Because Learning Tool® is easy to use, the only
prerequisites of the student would be a basic knowledge of
how to operate a computer. One class period would be
sufficient to teach the students how to use Learning Tool®
and they could use it for the rest of their college career. The
instructor would be required to have a good working
knowledge of the program which could be acquired in less

than a week.
As part of an undergraduate study skills course, Learn-

ing Tool® could be taught and used throughout the course.
The instructor would illustrate the uses and how to operate
the program and then require the students to use Learning
Tool® to create a concept map of content from another
course that was causing them problems. No restrictions or
requirements would be made on the depth or breadth of the
maps. The student would be free to create as detailed a map
as necessary to connect the concepts together and develop a
knowledge structure of the content. Once the map was
complete, the students would be required to use the testing
feature included in Learning Tool® to review the concepts
and links that they had developed. The students would be
required to create at least four maps in a semester to
promote cognitive processing and interactivity.

The use of Learning Tool® would permit the students to
work with difficult conceptS and create their own knowl-
edge structures of these concepts. They would proceed at
their own pace and in a format most suitable to them.
Cognitive processing would be used to organize and relate
concepts and a conceptual understanding of the interrelated-
ness of the content would be acquired. In essence Learning
Tool® would promote student control of the learning
process.

Conclusion
Five various applications of computer software in higher

education classrooms have been elaborated upon. However,
these examples are just the tip of the iceberg. The possibili-
ties are endless and are just waiting to be discovered. The
benefits of incorporating computers into the curriculum far
outweigh the perceived inconvenience of integrating them.
Educators need to recognize that if they are not utilizing the
most beneficial and available resources in their classrooms,
they are not only cheating themselves, but they are cheating
every student that walks through their door.

Cheryl A. Murphy is a graduate student of Educational
Psychology and Computers in Education, 608 Allen Hall,
West Virginia University, Morgantown, WV 26506
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Curriculum-based Single
Switch Applications

Edward Burns
State University of New York at

Binghamton

Single switch technology can be used with cognitively
able students who have severe communication disorders to
evaluate and develop a variety of curriculum-based skills.
The essence of single switch technology is using a specific
intentional behavior (e.g., pressing a lever switch) as the
basis for communication. For students who are cognitively
able, single switch technology can be an important link for
successfully participating in regular curriculum activities.
The purpose of this paper is to describe the use of single
switch technology within the context of the regular school
curriculum.

A single switch task consists of a series of computer
generated alternatives that are sequentially scanned (i.e.,
somehow highlighted) so that a student can register a
response by selecting one of the scanned alternatives. The
single switch device can be in the form of a lever controlled
by a simple head movement, a tread switch activated by a
foot or hand movement, or any device sensitive to an
intentional movement (e.g., a puff of breath or very slight
but intentional muscle movement). When the switch device
is engaged while an alternative is scanned, that alternative is
selected as the response.

Methods for highlighting alternatives include using
alphanumeric characters, geometric shapes, encircling or
underlining alternatives, or spatial orientation (e.g., tempo-
rarily indenting each scanned alternative). If the switch is
not engaged while an alternative is scanned, the next
alternative is automatically scanned. After all the alterna-
tives have been scanned, the scanning process begjns again
with the first alternative. This process is repeated until a
selection is made or until a specified number of scan
sequences have been completed.

An important variable during the scanning process is the
scan duration. If the scan duration is three seconds, each
alternative is highlighted for three seconds before the next
alternative is scanned. The most suitable scan duration
depends on the motor ability of the student and the task
content, and must be determined on an individual basis.

A single switch task requires one or more switch
movements. For alternative array scanning, a task often
consists of a stimulus or stem and array of two or more
alternatives from which a selection is made. The stem might
be a verbal statement that requires a student to select a
correctly spelled word. For example, the teacher might say,
House. Find the word house. The student then selects the
word from among a series of alternatives via a single switch.

Single switch items can be presented in various mul-
tiple-choice formats. One example consists of a written
stern and a series of four alternatives displayed horizontally.
The item could be presented auditorily via a speech
synthesizer, or in a larger point size for students with visual
difficulties.

For cognitively able students who cannot communicate
by means of traditional methods, single switch technology
can be an essential tool for successfully accessing curricu-
lum-based content. However, in order to use single switch
technology effectively to develop receptive and expressive
communication, several important factors must be consid-
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ered regarding the intentionality of behavior, single switch
task characteristics, and the integration of single switch
technology with curriculum-based content.

Intentionality of Behavior
Assume that a student who had no previous academic

experience (viz., the student has no reading skills) is given a
single switch task involving matching the stimulus word
CAT to the alternative ANIMAL. Given a single switch
device, the student might engage the switch when the
correct alternative is scanned. In this situation, a correct
response does not signify intentional behavior; that is,
engaging the switch while ANIMAL is scanned does not
indicate that the student is able to make the verbal relation-
ship between CAT and ANIMAL.

Because of the multiple-choice character of many single
switch tasks, guessing and/or random behavior is often a
confounding variable. When a student selects either a
correct or incorrect alternative, the response might indicate
unintentional or completely random behavior, uncertainty
about two or more alternatives, or the fact that one of the
distracters is very plausible.

Just as an incorrect single switch response can be
intentional, a correct response can mistakenly suggest task
and content comprehension. A common mistake made
when using single switch technology is a failure to discern
the meaningfulness of responses. A student who has no
reading skills whatsoever still has a 25% probability of
selecting a correct answer by chance given four alternatives.
A curriculum based on random behavior is not only
ineffective, but limits the use of educational activities and
materials that are conceptually appropriate.

One method for minimizing chance responses for an
array scanning task is to increase the number of alternatives.
If a multiple-choice format is being used to record single
switch responses, four or possibly five alternatives are
probably adequate; fewer alternatives leaves much to
chance, and more alternatives can make for a very difficult
task and increased scan time. When questions are framed
within a true/false of yes/no format, the solution to the
problem of randomness is to ask more questions. In either
case, the meaningfulness of single switch responses can
only be determined by carefully analyzing a student's single
switch response pattern.

In addition to evaluating actual single switch responses,
the student's behavior while responding will often provide
insights as to the meaningfulness of responses. If a student
hits the keyboard repetitively and/or continuously, a
selection will be made but the intentionality and meaning-
fulness of that "selection" will be highly suspect.

When working with a student during a single switch
task, care must be taken not to provide the correct answer.
This might be as unintentional as a change of inflection or
intonation during a single switch task, or as blatant as
cueing the student by saying, "Select the correct answer,"
when the correct answer is scanned. Of course, providing
cues when first introducing a new task or content might be
very appropriate in order to ensure task comprehension.
However, every single switch task should Le designed to

develop independent behavior. The goal of single switch
technology is to provide legitimate learning experiences,
and not to create a fiction of learning by responding on
behalf of the student.

Task Comprehension
Determining a student's ability to comprehend curricu-

lum content is essential for developing a viable curriculum-
based single switch program. Single switch technology
dces not obviate the need for student-teacher interaction, but
should provide increased opportunities for assessing the
student's ability to comprehend.

There are several ways in which single switch technol-
ogy can be used to engage the student in Curriculum
activities and to assess content comprehension. As already
discussed, a very forthright method is to provide a stimulus
or item stem, followed by a series of possible alternatives.
Although this type of stem-specific format can provide
important assessment information, displaying a question and
a series of alternatives specifically relating to the stem
restricts the use of the alternatives with other item stems.
The following item illustrates the limited communication
utility of stem-specific alternatives:

Which amendment states that the right to vote will not
be denied on the basis of sex?

Sixteenth

Seventeenth

Eighteenth

Nineteenth

Instead of using a stem-specific format, the stimulus
could be in the form of a question, followed by a list of
generic alternatives so that the student responds either YES
or NO following an item stem:

Teacher: "Does the Nineteenth amendment state that the
right to vote will not be denied on the basis of sex?"

> YES
NO

A variation of the above format would be to ask the
question, and then list four possible choices on the board or
notepad:

T:4acher: "Which amendment states that the right to vote
will not be denied on the basis of sex?"

1) 16 2) 17 3) 18 4) 19

> 1)

By using a speech synthesizer, the selection of altema-
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dye 4 results in the synthesized answer: "The answer is
number 4."

Yet another possibility would be to use a limited
language board comprised of eight possibilities that could
be used in a single switch format to respond to a variety of
statements and questions:

TRUE

FALSE

YES

NO

MAYBE

PLEASE REPEAT

1

2

3

4

Open-ended Array Scanning
Open-ended array scanning requires that the student

actually construct a response thereby reducing to a great
extent the problem of guessing and random behavior.
Consider the array of possible choices below where the
alternative RET (RETURN) indicates that a complete
answer has been entered. For the item 2+2, the student first
selects 4 and then REF to signify that the answer has been
selected. For the problem 7+16, 2 is first selected, then 3,
and then RET:

RET 0 1 2 3 4 5

6 7 8 9

>23

There are many variations of this type of task, and
methods for expanding the number of alternatives to correct
entries and to synthesize answers. Instead of using num-
bers, the elements could contain alphabetic characters. The
student is asked to spell the word CAT using the array of
letters.

Matrix Scanning
Although more difficult than array scanning, matrix

scanning is used to provide virtually unlimited forms of
expressive communication and to minimize problems
associated with guessing and random behavior. Instead of
displaying an array of alternatives, the alternatives or
elements from which a selection is made are displayed in
matrix form. The size of the matrix can range from a simple

2x2 matrix, to matrices with 100 elements or more ele-
ments.

YES NO CORRECT INCORRECT STOP

--> I 2 3 4 5

A B C D E

REPEAT , MAYBE NEX T LAST

EXPLALN YES NO REA

WRTTE

For a matrix single switch scanning task there are
several ways to scan and select matrix elements. The
simplest method is to scan each element from left to right
and from top to bottom. The matrix elements are scanned
sequentially until an element is selected. This is suitable for
smaller matrices but can be very time consuming for a
larger matrix. Thus, for a 5 by 5 matrix containing 25
elements, where each element is scanned for approximately
two seconds, the student would need to wait approximately
50 seconds before the last matrix element is scanned.

Instead of scanning items sequentially, row/column
scanning can be used first to select a row, and then to select
a specific element from that row. Matrix scanning is
frequently used with nonverbal elements as a basic commu-
nication board. A communication board element might
contain a picture of a TV, another a person drinking from a
glass, and a third a radio. When the element illustrating the
TV is selected, a synthesized message such as "I want to
watch TV" is presented. Even though matrix elements can
be reduced to relatively simple nonverbal forms (i.e., a
drawing of milk cartoon replaces the printed word M1LK),
the matrix scanning task, especially when row/column
scanning is used, can be difficult to conceptualize.

Open-ended Matrix Scanning
If a student is cognitively able, open-ended matrix

scanning provides unlimited forms of expressive communi-
cation. Because this type of scanning task requires two
distinct switch responses for each selection, matrix scanning
is conceptually more difficult than array scanning. Before
introducing a student to matrix scanning, the student should
be familiar with various types of alternative array scanning
tasks.; and before introducing open-ended matrix scanning
(viz., writing), the student should have developed an
underlying base of reading skills.

An open-ended scanning task with a letter matrix
provides the most versatile form of single switch communi-
cation in that a response can range from a single letter to
very complex messages. To make a selection from a letter
matrix, the rows are fust scanned until the row containing
the letter is found.
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The row scan can be in the form of a pointer or cursor,
or each row scanned could be highlighted in inverse mode,
underlined, or displayed in a different font or point size.

When the switch is first engaged for an open-ended
matrix scanning task, a row of elements is s6lected. The
elements of the row are then scanned until the switch is
engaged a second time and the specific row element is
selected. To facilitate matrix scanning selection speed,
matrix elements could be arranged on the basis of probabil-
ity of occurrence.

In addition to using a single switch for written commu-
nication, a speech synthesizer can be used to vocalize
individual letters, words, sentences, or entire sections of
text. The elements of the matrix can consist of letters,
numbers, or a combination of characters and processing
commands. The last row of the matrix shown below
contains several processing commands for performing such
tasks as synthesizing, beginning a new communication,
filing, and printing communications. The size and complex-
ity of the matrix can be expanded to include additional
columns or rows to change elements to lowercase and vice
versa, or to add additional keyboard characters and process-
ing commands.

A B C D E F G

H I I K L M N

> 0 P Q R S T U

V W X Y Z q

! TALK NEW FILE PRT MENU <
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Single Switch Task Variations
Depending upon such variables as muscle control and

cognitive ability, single switch communication can be used
in a time-based framework. A Morse code format is used
by equating a dot with a switch response of less than one
second (i.e., the switch is engaged and then released in less
than one second), and a dash with a switch response greater
than one second. A sequence of Morse code dots and
dashes is thereby used to produce the letter R by first
engaging the switch for less than one second, then for more
than I second, and then for less than one second. The R
corresponding to the .-. sequence is then displayed and
synthesized. To present a word or message via a speech
synthesizer, a special sequence of dots and dashes is used
(e.g., .-.-.-).

In addition to traditional scanning and time-based
responses, there are a variety of other techniques that can be
used to record single switch behavior. An inverse switch
format requires the user to engage the switch to initiate the
scanning. The switch is engaged until the desired alterna-
tive is highlighted. When the switch is disengaged, the
alternative being scanned at that moment is selected.

Time-based single switch tasks such as Morse code can
facilitate expressive communication, but these tasks do
require a fairly high degree of motor control. For a student
having difficulty engaging and/or disengaging a switch, a

time-based single switch task can be extremely difficult.

Single Switch Variables
Every single switch task must be individualized to meet

the specific receptive and expressive communication needs
of the student. As was previously discussed, scan speed is
an important variable and should be closely scrutinized to
ensure that the most appropriate scan speed is being used. If
visual acuity is a factor, font and point size must be consid-
ered.

Many single switch programs provide access to vari-
ables which control factors relating to the number of
alternatives, sound capabilities, and different types of
feedback available. In some cases, a variable setting might
require certain hardware enhancements such as a specific
type of speech synthesizer. Feedback is extremely impor-
tant when working with students using single switch
technology, but should accommodate the student's ability
and learning needs.

The Single Switch Curriculum
By far the greatest deficiency of programs for students

with communication difficulties but who are cognitively
able is depriving them of regular curriculum experiences. In
order to remedy this, cognitively able students using single
switch technology should be provided with as many regular
curriculum activities as possible. This is not to be achieved
by "dumping" a student using single switch technology in a
regular classroom, but can only be achieved by providing
support to adapt and modify materials and software, and to
ensure that the student is following a reasonable learning
progression.

The regular classroom teacher need not become an
expert in single switch technology, or devote an inordinate
amount of time to a student, to assist students using single
switch technology to participate successfully in the curricu-
lum. For a classroom teacher simply to acknowledge the
fact that a cognitively able student with a severe communi-
cation disorder can profit from regular classroom experi-
ences can be a vital step in developing a viable learning
program. There is no secret special education curriculum
that is invoked to teach science, mathematics, social studies,
etc. If a student is capable of understanding and partaking
in the regular classroom curriculum, the regular classroom
teacher has the experience and expertise to present that
curriculum best.

In addition to providing much needed curriculum
expertise, the regular classroom teacher can do much to
encourage meaningful communication. As a teacher
becomes acquainted with single switch technology, the
possibility of promoting receptive and expressive communi-
cation within the classroom is greatly increased. This might
mean nothing more than asking a question that can be
answered using a single switch device.

Providing a student with a variety of normal curriculum
opportunities, in addition to those accessible via single
switch technology, is invaluable. If a student is able to
digest regular curriculum content, then the student should be
exposed to as many regular curriculum activities as possible.
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The student's responses in such situations may be limited,
but this does not mean that such an immersion in the
curriculum is not essential.

What sometimes happens when working with a student
who has a severe communication disorder is a tendency to
reduce the number of communication experiences, espe-
cially after several unsuccessful communication attempts.
A student with a severe communication disorder does not
need fewer communication experiences, but
more...providing the experiences result in meaningful
communication. If a student appears not to comprehend a
single switch task, the task should somehow be modified,
clarified, or simplified. Ignoring a student's apparent
inability to understand, or avoiding language experiences
which might indicate that lack of comprehension, will
completely muddle attempts to develop a coherent curricu-
lum-based program. Again, the goal is not to pretend that
learning is taking place, but to monitor student progress
consistently and to make program modifications when
necessary.

Technology is available for individualizing the curricu-
lum to meet the needs of students not able to use traditional
modes of communication. For students with severe
communication disorders, portable communication devices,
screen readers, hardware to individualize commercial
software, and a variety of augmentative communication
devices and techniques are available to facilitate learning.
However, one factor that excludes some students from the
regular curriculum is not a lack of technology but using that
technology to access the regular curriculum. By providing
adequate support to modify and individualize the curricu-
lum, and to integrate technology and cun-iculum, much can
be done to meet the learning needs of students with severe
communication disorders.

References
Burns, E. (1993). FACTSCAN: A public domain

single switch primary fact arithmetic system. Closing the
Gap, 2(4), 29.

Burns, E. (1993). WORDSCAN-II: A public domain
single switch vocabulary system. Closing the Gap, 12(2),
10-11.

Burns, E. & Mistren, S. (1989). Switchware technol-
ogy: Improving computer usage for students with physical
or motor impairments. Educational Technology, 28, 45-47.

Burns, E. (1988). AUTOSCAN: An adaptive multiple-
choice BASIC computer program. Journal of School
Psychology, 26, 311-315.

Burns, E. (1988). A primary fact scan program.
Closing the Gap, 7(5), 22-23.

Burns, E. (1988). A switchware triVia game for middle
and upper grade students. Closing the Gap, 7(4), 32-33.

Edward Burns, School of Education & Human Develop-
ment, State University of New York atBinghamtom
P.O. Box 6000, Binghamton, New York 13902-6000
Phone: 607/777-2727

152



Implementing Information
Systems in Colleges of

Education: Narrowing the
Gap Between Theory and

Practice

Gary G. Schroeder
Murray State University

In Kentucky, colleges and universities are required
under the Kentucky Education Reform Act of 1990, to have
in place by 1996 performance-based, outcomes-oriented
teacher education programs. This mandate reflects a
movement in public policy away from the assessment of
educational programs by "inputs" (curricular offerings,
faculty credentials, etc.) and towards "outcomes" (the
success of students on specified criteria). In addition, the
state government has shown a desire to simplify teacher
certification rules, to promote alternative certification
programs, and to establish statewide teacher assessment
centers (Governor's Task Force on Teacher Education,
1993). To meet the requirements of performance-based,
outcomes-oriented teacher preparation programs in Ken-
tucky, to compete with alternative route professional
development programs, and to maximize available program
resources, it will be increasingly necessary for Colleges of
Education to invest in Inforination Systems. Unfortunately,
most colleges of education are in a poor position to imple-
ment sophisticated information systems. Not only do they
tend to lack the necessary hardware infrastructures, but they
also have limited experience with information management.

Murray State University's College of Education has a
long history of activity with information systems, beginning
in 1983 with the purchase of the fust Apple U to promote
the "computerization" of program support. Over the
succeeding ten years, experience has suggested that a new
way of conceptualizing systems development is necessary to
meet the information systems needs of teacher education
programs.

Difficulties Facing Colleges of Education In
Developing Information Systems

Colleges of Education (COEs), especially those based in
mid-sized state universities like Murray State University
typically find themselves on their o.vn in their efforts to
expand information technology resources. The centralized
university computer system staff is typically sympathetic to
the information needs of the college of education, but often
unable or unwilling to invest the necessary time and
resources in the information systems needs of the COE.
This is because the information system needs of the college
of education are different from those of other colleges.
COEs are required to conform to stringent state certification
standards, to operate extensive field and clinical programs,
and to account for the professional skills of all graduates.

As COEs embark on the expansion of their information
systems, the problem of alequately estimating costs looms
as a major factor in planning and budgeting. Not only is
there a limited concept of what an information system
entails, but additionally, in many cases funds are derived
from year-by-year savings, windfalls, or special allocations,
resulting in college planners having little opportunity to
engage in formal long-range planning for information
system expenditures. To minimize these handicaps COEs
must begin to overcome their lack of sophistication about
information systems and to alter their ideas about systematic
planning.
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Towards a More Adequate Concept of
Information Systems

To plan effectively for growth in information systems
(IS) requires a clearer understanding of the nature of
information systems. Historically, the functions associated
with information have been grouped in organizational
structures with different names. A 1983 survey of 344 large
organizations indicated that different names for information
services included: Management lnformation Systems,
Information Services, Information Systems, Data Process-
ing, and Information Resource Management. (Cresap,
McCormick and Paget, 1983). Banks and Williams (1987),
in their review of information systems in education,
suggested that naming should follow the function of the
organization. They identified "Instructional Information
Systems" as the name for the systems operating in school
districts which are charged with organizing and manipulat-
ing student data to support instructional planning. Davis
and Olson (1985) describe a Management Information
System (MIS) thusly:

A Management Information System is:
an integrated -ser-machine system
for providing information
to support the operations, management, analysis and
decision making functions
in an organization.

The system utilizes:
computer hardware and software
manual procedures
models for analysis, planning, control, and decision
making, and
a database.

MIS, according to Scott and Perkins (1990), is a
"hybrid" organization; both centralized and decentralized.
They suggest that although MIS is typically a supporting
staff department within most organizations, it also typically
has definite independent responsibility for the operation of
the computer/communications facility.

To summarize, within an organization, an information
system is a specific sub-unit comprised of support person-
nel, computer and communication hardware and software, a
centralized database of appropriate data, and policies,
procedures, and materials to support organizational activi-
ties . For most COEs the concept of a stand-alone informa-
tion system is at least unusual. However, given the need to
redesign teacher education programs into more effective,
outcomes-oriented entities, the imperative to develop more
formally organized information system units becomes more
palatable when comprehensive planning strategies are
understood and utilized.

Toward A More Adequate Concept of Planning
Koory & Medley (1987) have listed ten advantages for

systematic planning. Of the ten advantages, the four which

seem most important for COEs are:
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1) planning encourages achievement (the act of evolving
the plan and writing it down often provides the impetus
for achievement),

2) control is facilitated,
3) plans can be the basis for identification and evaluation of

alternatives, and
4) a plan tends to force managers to visualize and under-

stand the overall situation.

Typically, college of education personnel would have no
difficulty with the concept of comprehensive planning.
However, planning in the past has not resulted in an interest
in information systems. To make the connection between
planning and IS, the concept of planning must be elabo-
rated.

Koory & Medley (1987) have developed a representa-
tion of levels of planning which has application for Colleges
of Education (COEs).

Levels of Planning
Strategic Tactical Operational
Conceptual Developmental Execution
Corporate Level Divisional Level Departmental Level
General Direction Specific Product Task Oriented
Long Term Intermediate Short Term
2 to 5 years 18 months or less Immediate

This conception of planning is useful because it forces
decision makers to think about the differences between day-
to-day activities, immediate long range goals, and the
fundamental missions of the college. Davis and Olson
(1985) provide another way of looking at levels of planning
with their concept of levels of use of Management Informa-
tion Systems (MIS).

Levels of Involvement with Management Information
Systems (MIS)

Highest Level: MIS for strategic and policy planning and
decision making

Higher Middle Level: MIS for tactical planning and
decision making

Lower Middle Level: MIS for operational planning,
decision making and control

Lowest Level: Transaction processing, inquiry response
(Davis and Olson, pp. 6-7)

Information systems, once implemented serve the
college depending on the level of use. At the lowest level,
the information system is used to automate tasks which
were being done manually, albeit quicker, and in a more
capable and convenient fashion. At the lower middle level,
information is provided for program management and it
permits immediate future operational planning. At the two
higher levels, the information system facilitates actual long
range planning; first at the 1-2 year level, and then at the
strategic, or long-range level. Use of IS at the highest
levels, however, is frustrated when there is not accompany-
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ing COE program planning at the higher levels of planning.
Levels of use of the IS system are undoubtedly tied to

the concept of planning in the college. For example,
strategic planning is more likely to focus on the COE
program as a whole, with an accompanying search for
resources to accomplish goals... of which IS is an important
component. At the highest level of planning, focusing on IS
as one resource among many tends to bring out the relation-
ship between resources, highlighting the possibilities
enabled by IS, rather than allowing IS to be an end in itself.
On the other hand, focusing planning at the lowest level, the
operational level, has the opposite effect. It encourages the
compamnentalization of IS to complete activities and
achieve recurring ends. As COEs learn to exercise all three
levels of planning in concert, all four levels of use of
information systems resources also become more evident.

The.Experience of Murray State University's
College of Education in Establishing An
Information System

Since the purchase of its first Apple II, the College of
Education at Murray State University has dramatically
increased the amount and diversity of technology dedicated
to promote the optimal use of information for the benefit of
the teacher preparation program. Centered in the Teacher
Education Services (TES) unit, the college has established
and upgraded a Novell local area network (LAN), purchased
computers for all TES staff, almost completed the process of
placing a computer on each professor's desk, and estab-
lished a relational database of student and class information.
Further, considerable effort has been expended in utilizing
the accumulated information system to manage the admis-
sions, certification, and field experience programs of the
college.

The MSU College of Education is located in three
different buildings. The initial IS-oriented LAN was
installed in the primary administrative building, and during
the past year LANs have been established in the other two
buildings. Plans for the future include the establishment of
a college-wide internetwork to extend IS services through-
out the college.

The MSU College of Education Experience and
The Concept of Information Systems

Using the Information Systems concept developed
earlier, some differences between the concept and the MSU
experience are evident. First, at Murray State University
there has not been a separate administrative unit devoted to
Information Systems. Rather, Information Systems existed
as a functional sub-unit of a more nditional teacher
education services unit. Second, there has not been a
professional Information Systems staff. The staff assigned
part time IS duties were trained in other areas and learned IS
functions on a self-taught basis. Third, there has not been a
regular budget assigned to information services. Funds
have been generated on a project-by-project basis, often at
the end of the year. However, over the years, an expectation
of support for Information Systems has developed, and the
college has made extraordinary efforts to provide funds.

4

Fourth, activities of Information Services have been
primarily focused on the acti vities of the teacher education
services unit, rather than being integrated into all aspects of
the COE program, including recruitment, instruction,
university relations, etc. Fifth, manual procedures and
models for analysis, planning, control, and decision making
have been internally oriented to the aspects of the teacher
education program within the purview of teacher education
services. It has not been necessary to develop materials and
procedures for more general college-wide use.

The WU College of Education Experience and
The Concept of Planning

During the years in which the MSU college of education
Information System has been developing, the system has
been used primarily at Davis and Olson's (1985) first two
levels of MIS use; transaction processing, and management
information for operational planning, decision making and
control. Relatively speaking, IS has made possible many
activities, with fewer personnel resources, than was
previously the case. In fact, during the past five years the
teacher education program at Murray State University, and
in Kentucky in general, has grown dramatically, and the
growth of the information system has made it possible to
process the additional workload with little addition of
personnel. Those instances in which Information Services-
related staff have participated in Koory and Medley's
(1987) Strategic and Tactical levels of planning within the
college have usually been in relation to planning for the
expansion of Information Systems itself. Major goals for
IS, established early on, centered on the establishment and
maintenance of a central database, on the establishment and
support of an IS-oriented Local Area Network, and on the
systematization of teacher education services-related
activities. These strategic goals remained constant to guide
tactical planning and were reviewed regularly as decisions
were required about allocating resources to annual IS
projects.

Abstracting from the MSU College of Education
Experience Toward A Revised Concept of
information Systems

Murray State University is a progressive regional service
institution with an excellent record of success in its College
of Education programs. The College of Education has
devoted considerable resources to its Information System,
and is generally pleased with the results. As has been
shown, the MSU COE Information System lacks a number
of formal characteristics of IS, and the system is not
participating regularly in the college's strategic and tactical
planning. A common approach to making improvements,
would be to propose bringing the college IS more into line
with the traditional IS concept. This would entail proposing
the establishment of a new operating unit and an increase in
either budget or personnel, both of which are highly
unlikely to produce results. Therefore, it may be more
fruitful to suggest revisions of the IS concept to be more in
line with COE realities. Four areas for revision are devel-
oped below.
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IS in the context of a College of Education is likely to be
a more decentralized, less independently-organized unit.
The IS staff will primarily be service-oriented, with
responsibilities to carry out program-related tasks, in
addition to IS functions. Although it is desirable that there
be a professional IS staff, that is not likely to be the case.
The IS staff will in ?.1.1 likelihood need extensive training and
support in order to be able to supply the same training and
support to others in the college.

IS in the context of a College of Education will probably
have inadequate and irregular budgets, making predictable
budget planning difficult. Budgets for hardware/software
maintenance and support will also be inadequate. However,
service and support can often be negotiated through the
university, through other departments in the college, and
from other IS personnel in the institution.

IS in the context of a College of Education should be
expected to take on the management of many mission-
critical functions. The establishment of a central database,
IS-oriented LANs, and standardized management and
accounting procedures are central to the concept of IS and
within reach of the COE Information System. Although
these functions may be at the lower levels of a levels-of-use
hierarchy, they can and should be of great value to the
college.

IS in the context of a College of Education should be
expected to adhere to many of the characteristics of formal
IS units. Systematic procedures, careful development and
maintenance of a database, care and development of the
hardware/software infrastructure, and development of
models for analysis, planning, control, and decision making
should be expected of any college information system. For
this to occur, careful attention must be paid to opportunities
for IS staff to seek professional development. IS publica-
tions, opportunities to attend IS meetings, and formal
training when needed will all be important. Althoui h the
idea of a formal information system may be foreign to many
COE decision makers, for IS to have a greater impact, the
language and concepts associated with IS can and should be
used to the greatest extent possible.

IS in the context of a College of Education should be
used more for Strategic and Taztical planning than is
currently the case. Mission statements and Strategic Plans
are not uncommon in universities and colleges. These
existing documents can be used as a starting point in
considering how existing goals and plans can be assisted by
information systems.

Suggestions for College of Education
Information Systems, Given a Revised Concept
of IS

Information Systems in Colleges of Education can be
expected to exist with fewer. . ources than more formally
organized and budgeted stand alone IS units. However,
even though this is the case, the resources expended by the
college for Information Services will be considerable. As a
result, for IS to achieve the greatest amount of impact, the
IS staff will need to think creatively about ways to maxi-
mize benefits while minimizing costs. Constantly review-

ing the concept of IS within the COE environment is one
step. Reducing complexity and the need for outside support
is another. For example:
1. IS should focus on widely available technologies and

software. Because there is often a limited budget for
maintenance and support, only the most reliable, proven
technologies should be chosen for purchase.

2. Focus on a balance between new acquisitions and
upgrades. Because the COE Information System is
always underfunded, there is a natural tendency to
expand facilities, rather than to upgrade existing ones.
To ensure continuity and stability, the entire IS infra-
structure must be tended.

3. Collaborative funding of technical support with other
units within a university should be encouraged. The
COE at Murray State University cooperatively funds a
computer technician with other units in the university.

4. Purchase of part-titne development expertise to over-
come on-site expertise gaps. Students and retired IS
professionals, among others, can be given personal
service contracts to complete aspects of a project which
are beyond the expertise of the IS staff.

Summary
This is a time of increased pressures on Colleges of

Education to reform their programs, increase efficiency and
effectiveness without increasing costs, and to compete
successfully with alternative professional development
programs. Information Systems have been shown to
provide a competitive edge for businesses with similar
pressures, and these systems can also be of great value to
colleges of education. However, the standard concept of
Information Systems must be adapted for the unique
circumstances of these colleges in order for them to be
understood and encouraged. To achieve the full potential of
Information Systems, colleges must engage in more high
level planning. It is in high level planning and decision
making where IS can provide a competetive edge. Finally,
because in Colleges of Education IS will most liktly operate
with quite limited resources, IS staff members will need to
think creatively information management, and constantly
seek ways to extend their own IS knowledge and expertise.
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Creating Your Own CD-
ROM: An Overview

Jerry D. Price, Jr.
University of Houston
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For most of teacher education's history the most
common form of "instructional support" has been a printed
handout. Over the past 90 years the way those handouts
were produced has changed regularly as newer technology
became available to educators. The text-only handout
provided by a teacher educator in a normal school in 1904,
for example, might have been written out by hand on a
stencil and duplicated on a gelatin hectograph or "ditto"
machine. Today a similar handout might be desktop
published on a Macintosh Quadra and mass produced at a
Kinko's Copy Center.

Although the desktop published handout might include
graphics and text formatting, the very nature of printed
materials prevents the teacher educator from including
materials such as video clips, databases, electronic presenta-
tions, HyperCard and Link Way programs, or audio mes-
sages. Traditional instructional support materials, even
those that are desktop riublished, cannot include such
materials even when they would be very useful to :Audents.
There is, however, an emerging group of electronic tools
such as Adobe Premier, Passport Producer, and many others
that were created to make it possible and feasible to produce
a wide range of materials that include video, sound, and
animation. In the future teacher educators may well provide
their students with "handouts" that include a range of
multimedia materials. That possibility leads us directly to
the topic of this paper a means of delivering multimedia
materials to students (and other teacher educators) that is
efficient and inexpensive. One delivery medium is the CD-
ROM.

The cost of producing 500 copies of a CD-ROM are
quite low - as little as $2.00 per CD. However, the cost of
creating the first disc, from which others will be mastered,
has been as high as $2,000. And, if you want to create "one
of' CDs at your institution the cost of the equipment
required was high. Until recently, the cost of producing
your own CD-ROM was extremely expensive compared to
cost of other methods of electronic storage. A few years
ago, Recordable CD or CD-R desktop systems were in the
$20,000 price range for a very basic unit. This is quite a bit
out of the budgets of most instructional technology depart-
ments. Today, desktop CD-R systems can be purchased for
as little as $4,000.

CD-R Systems
A number of companies, including Sony, JVC, Kodak,

and Phillips have CD-R systems that are within the price
range of many Colleges of Education. Pinnacle produces a
CD-R system, for example, that retails for under $4,000. It
is available in versions for MS-DOS systems or Macintosh.
At the other end of the price spectrum JVC's Personal
RomMaker system sells for around $15,000 with all the
available options. As you might expect, the price of the
system is, at least to some extent, associated with quality,
easc of use, and features. A CD-R system can, with some
oversimplification, be divided into three components:
hardware, storage, and software. CD-R systems can be
purchased as bundled packages that include all three
components (e.g., the PiC Personal RomMaker or the
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Pinnacle system) or as individual or unbundled components.
If you were interested in creating a dictionary or telephone
number database, for example, several companies sell CD-R
software that automates the task of creating the database and
retrieving the resulting information from the database when
it is on the CD-ROM.

Hardware
All CD-R systems have a CD chive that reads and writes

CDs. Blank CD's can be purchased for between $20 and
$35 from several suppliers. CDs are available in two
capacities (680 megabytes and 540 megabytes). Once you
produce a CD on a CD-R it can be read by CD drives on
ordinary computers. The drives in the CD-R systems vary
primarily in terms of their speed. A double speed unit, in a
system like the JVC Personal Rom Maker, will produce a
CD twice as fast as a single speed drive such as the one
available in the Pinnacle system.

Storage
The obvious reason for storing material on a CD-ROM

instead of a diskette is capacity. Today a high density
floppy disk stores 1.44 megabyates of data and costs around
75 cents. A CD can store 680 megabytes and, if produced
in quantite, can cost as little as $1.00. If you have over 15
megabytes of material to be distributed, a CD is a very cost
effective way of doing it. The high capacity of the CD leads
to another problem, however. If you are going to put 680
meg of data on a CD you must have some way of storing
that much data in the computer. CD-R systems deal with
this problem in a number of ways. The Pinnacle system
passes the problem on to you. To create a 680 meg CD you
must have that much storage capacity in the disk drives of
your computer. JVC, in contrast, comes with a large hard
disk drive built in. Using the software that comes with the
JVC equipment, you can identify files on any disk drive
connected to your computer (or the network your computer
is attached to). Once those files are identified, the JVC
system brings all of them over to its hard disk drive. You
can then produce the CD from the files on the dedicated
NC drive.

Another option available on some systems is a digital
audio tape (DAT) system. DAT cartridge drives are
commonly used to back up large hard disk drives, and, until
recently, many of the companies that duplicate CDs for
distribution preferred, or required, that the data you wanted
on the CD be supplied on a DAT tape. Most now accept a
CD you have produced on a CD-R system in place of a
DAT cartridge. However, a DAT drive in a CD-R system is
still useful if you be making many CDs because it
allows you to save the image of a CD, including all the files,
to a cartridge. Then you can erase the drive and load files
for another CD.

Software
On the hardware side, the size and range of storage

capacity (hard drives, DAT drives) varies significantly from
one system to another. On the software side, there are wide
differences in the capability, ease of use, and versatility of
the software that controls the CD-R hardware. For the

4 4.

novice there is much to be said for buying a bundled system
that includes everything: hardware, storage, and software. If
you purchase coponents and put them together yourself
there is always the change of getting the dreaded twin
diseases of "It is hardware's fault," says the software
supplier and "It is softrware's fault," says the hardware
supplier. Even in bundled systems, however, there is great
variability in the software supplied with the system. Some
systems provide software that requires considerable
programming expertise to use effecfively. Others, such as
JVC, supply software that is simple, straightforward, and
"point and click." Ease of use is a crucial factor to consider
when evaluating the software, but features can also be
critical. For example, the standard software that comes with
the NC Personal RomMaker can create CDs in a variety of
formats. It cannot, however, create CDs that include audio
tracks that can be played on standard music CD players.
The optional software to do That costs an extra $1800. Other
options that may or may not be included in CD-R software
packages include the ability to produce multisession CDs
(that is, add files to a CD that already has files on it) and the
ability to produce CDs in the Kodak PhotoCD format.

Most of the features to consider when evaluating CD-R
software, and hardware, fall into two categories: disc
formatting standards and file stnicture standards. These
standards are discussed in the following sections.

Disc Formatting Standards
There are a number of basic formatting standards for

producing CDs that are in widespread use. Each of the
standards listed below prescribe how the information is laid
out or formatted on the CD. This section will describe the
functionality and the benefits and drawbacks in using each
standard.

Red Book
The Red Book standard is the basis for all the other CD

standards in existence today. Introduced by Sony and
Philips in 1980, the Red Book or Compact Disc Digital
Audio (CD-DA) standard is the format used to create the
millions of CDs found in record stores across the world. All
music CD players can play this type of CD. All computer
CD-ROM players on the market can play a CD-DA, but
only if the software drivers for the CD player support this
feature. The Red Book standard includ.s a way for the
player to identify and correct defects that can occur on the
CD that commonly can occur.

Yellow Book
The Yellow Book standard was also introduced by Sony

and Philips. They realized the CD could also be used for
high capazity storage in the computer industry by making a
small change in the definition of the Red Book standard's
data area. The Yellow Book standard is commonly called
the Compact Disc - Read Only Memory (CD-ROM)
standard. The Yellow Book standard is divided into two
groups, Mode 1 (computer data) and Mode 2 (compressed
audio data and video/picture data). Mode 1 includes three
levels of error correction that helps data integrity. Most
CD-ROMs in use today on computers are CD-ROM Mode
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1. CD-ROM Mode 2 only has 2 levels of error correction.
Mode 2 CD-ROMs are extremely rare, but can be read by
most CD-ROM drives made for computer use if you have
special software.

Mixed Mode
The Mixed Mode standard combines both the Red Book

standard for audio and the Yellow Book standard for
computer data. Normally, the ccmputer data is written into
the first track on the CD while the audio tracks are stored in
the remaining tracks (up to 98 more). With the growing use
of multimedia in education and entertainment, mixed mode
CDs have become much more popular. The reason is the
way sound is processed on Yellow Book CUs versus Mixed
Mode CDs. Sound on a Yellow Book CD is just another
data file. The computer must load the sound file, process it,
and then play it through the sound card in the computer.
That puts considerable load on the computer and can slow a
program down. On a Mixed Mode CD the computer
program in the first track can ir ciude data on when the
player should play an audio track or a segment of an audio
track. The sound produced comes from the audio-out
connection on the CD player rather than from the
computer's sound card. The result is often much higher
quality audio and faster program execution.. Mixed Mode
thus allows the multimedia author to load their program into
the computer's memory while using the CD player as an
audio player. Software such as Macromedia's Authorware
Professional and Macromind Director can incorporate these
audio tracks into presentations and programs. Mixed Mode
CDs can be played on an audio CD player, but there is one
precaution. If you try to play the data track, track 1, the
result is very loud static that can damage speakers and ear
drums.

CD-ROM/XA Mode 2
The CD-ROM/XA Mode 2 standard was developed by

Philips, Sony, and Microsoft. CD-ROM/XA Mode 2 is an
extension to the Yellow Book standard that includes
computer data, compressed audio data, and video.ipicture
data. In Yellow Book Mode 2, only compressed audio data
and video/picture data are allowed in a track on the CD-
ROM. CD-ROM/XA Mode 2 interleaves the computer data
with the compressed audio in each nack. This is accom-
plished by a 8 byte sub-header in each sector. The sub-
header determines whether the information contained in the
sector is Form 1 (computer data) or Form 2 (compressed
audio data and video/picture data). By interleaving both
compressed audio and computer data into the same track, it
appears that on playback that the two run concurrently. The
advantage of CD-ROM/XA is that the compressed audio
and computer data run at the same time, whereas the Mixed
Mode CD will have to load one of the two before running
the other. There are, however, two big disadvantages to
CD-ROM/XA. The fust is the cost of the hardware to make
and access the information and the second is the quality of
the audio. The compressed audio on a CD-ROM/XA track
is limited to 4 bit samples at a 37.8KHz sampling rate. The
Red Book standard allows for a higher quality 16-bit sample
at a sampling rate of 44.1 MHz.

Green Book (CD-!)
The Green Book standard is identical to the CD-ROW

XA Mode 2 format except it includes a specific operating
system called CD-RTOS. This operating system allows a
CD-I disc, such as the Philips CD-I, to run on a unit
connected directly to a TV. It is a specialized standard used
when creating CDs to run in CD-Intemactive players which
sold primarily to the home market.

File Structure Standards
Since the developers of the disc formatting standards

failed to specify a file snructure to use, CD-ROM makers
were forced to create their own. Below is a summary of the
most common file structure standards in use today.

High Sierra
The High Sierra file structure was created by a group of

industry representatives in a Nevada hotel. The reason for
creating this standard was to allow software manufacturers
to rely on a common set of CD-ROM drivers that, when
installed on a computer, would ensure that their CD could
be read by the computer. The High Sierra standard was
submitted to the International Standards Organization in
1986. After a few years of deliberation, the International
Standards Organization published the ISO 9660 file
szucture standard. It is an extension of, and a modification
of, the High Sierra structure.

ISO 9660
The ISO 9660 standard is compatible with most Apple

Macintosh, MS-DOS, and Unix-based microcomputers.
Today it is the standard format fcr CDs that will be read by
both IBM and Macintosh compatible computers. The ISO
9660 standard primarily specifies what characters are
allowed in naming files and directories, how long the file
name can be, and how the directory structure is organized.

The directory structure of an ISO 9660 is hierarchical in
structure with the first level or "root" containing the Volume
Descriptor. The CD can have up to eight different levels.
The ISO 9660 standard also specifies that the path to a file
on the disc not exceed 255 characters. ISO 9660 also
restricts the characters allowed in the file structure so that
Unix, Macintosh, and MS-DOS computers can all read the
file and directory names and limits file names to 30
characters.

Due to the fact that MS-DOS computers can only read
filenames no longer than 12 charactere, ISO 9660 was
divided into 3 "levels of interchange". Level 1 is standard
in the MS-DOS world because it specifies that each file
have: a single file section (contiguous), R file name that
contains no more than eight characters, a file name exten-
sion that contains no more than three characters. In addtion,
the directory cannot contain more than eight characters.
Note that the naming convention for ISO 9660 Level 1
Interchange is more restrictive than the MS-DOS file
naming convention.

ISO 9660 Level 2 Interchange specifies that only the file
have one file section. Level 2 discs commonly are found in
the Macintosh and Unix platform since both allow longer
file names than ISO 9660 Level I. Level 3 Interchange is a
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"pure" ISO 9660 format. Thew is no requirement that a file
have only one section. A file could, for example, have a
section that includes program code and another that has
audio data. Level 3 discs are commonly found on CD-
ROM/XA and CD-I (Green Book) systems since they both
support compressed audio and data files in the same sector.

HFS, MS-DOS, and Hypird Structures
CD-ROMs can also use the Macintosh RFS or the MS-

DOS file snucture. Macintosh HFS discs can only be used
on a Macintosh system. The advantage to the Macintosh
HFS for Macintosh applications is that this standard allows
"long" Macintosh-style file names and regular Macintosh
icons for files. Apple Computers has written extensions to
their operating system which allows ISO 9660 discs (Level
1 or Level 2 Interchange), High Sierra, and ITS. HFS is
the only standard which will allow Macintosh file "charac-
teristics" to appear as a Macintosh user would expect. The
other two formats allow only the basic Macintosh icons to
appear (application, document, and folder). Microsoft has
also written extensions which will allow a MS-DOS system
to read ISO 9660 (Level 1 Interchange), High Sierra, and
MS-DOS discs.

A "hybrid" disc contains one or more different file
structure formats that can only be accessed by a computer
that is able to read that particular format. For example, a
"hybrid" disc could be created that has files in the
Macintosh HES, ISO 9660 Level 1 Interchange, and MS-
DOS file st-uctures. The information on the disc that
conforms to the Macintosh HFS structure could only be read
by the Macintosh, the information conforming to the MS-
DOS structure could only be read by a MS-DOS computer,
and the information in the ISO 9660 structure could be read
by both Macintosh and MS-DOS computers.

Creating a CD-ROM
The creation of a CD-ROM can be compared to the

creation of a book. l'his section briefly describes the steps
necessary to create a CD-ROM. and an actual CD-ROM
that was created at the University of Houston (Table 1).
The College of Education's Instructi has been working on a
Teacher Education CD-ROM that includes MS-DOS and
Macintosh files. The example in this so.:tiL.:1 was created on
the JVC Personal Rom Maker, Macintosh version.

Content
The first step in creating a CD-ROM is to make a

conceptual decision on the topic. Using the "Book"
analogy, this is similar to deciding on what topic the author
will write about. The author asks themselves questions
about whc is the intended audience, what information
should they receive, and is this topic feasible. Once the
topic of the proposed CD-ROM has been decided, the next
step is to create or find the information that will be included.

Defining the Directory Structure
Once the content has been developed or obtained the

next step is to decide on a disk and file stucture format for
the CD. Custom file and folder icons might also be
developed for Macintosh (HFS) CDs. If the CD-ROM will
only be used by Macintosh computers, the disc format of
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choice might be Macintosh HFS since it contains the file
"characteristics" of a Macintosh desktop. However, if the
information to be presented is text files or graphics in
formats such as G1F, TIF, or PCX that can be read by
diferent types of computers, the CD-ROM could be Yellow
Book-ISO 9660 Level 1 Interchange so that MS-DOS,
Unix, and Macintosh users can access the information.

Make and Test a Virtual CD-ROM and/Or a "One
or CD-ROM

Some CD-R systems allow you to create a virtual CD-
ROM on a hard drive that will "behave" as if it were a CD.
That allows you to verify correct operation of the CD and to
test for potential problems such as faulty files, slow
operation, and program bugs. The virtual CD feature was
more important when developers had to send the files to a
CD plant to produce even one CD. Today, when a CD can
be produced on a CD-R system in less than 30 minutes for
less than $35, many developers skip the virtual CD stage
and make a single CD. Then they test that CD thoroughly
and make changes as needed to the image on the CD stored
on the hard drive. Then they make another CD and test it.
When they have thoroughly debugged the CD it is ready to
be replicated.

Replicate the Pre-Mastered CD-ROM
If only a few copies of a CD are needed, it may be

cheaper to make them one at a time on your personal CD-R
system. If, however, you need several hundred, or several
thousand, it will be much less expensive to send a copy of
the CD you have tested to a replication plant. The cost of
replicating CDs in quantity depends on a number of factors
including quantity, packaging, and label type. To illustrate
the process, assume you need 1000 copies of a CD, that you
want the label (the top of the CD) to be printed in one or
two colors, and that you need the CD to come in a simple
plastic slip case (as opposed to the "jewel box" most music
CDs come in). Printing the label in two colors is normally
supplied as part of the base price for replicating. Thus, if
you supply the artwork to be used for the CD label, there
would be no extra cost for that. (PageMaker 5.0 has a
template for creating a CD label.) The simple plastic slip
case may also be standard. At most it should not cost more
than 5 cents. (Jewel boxes may cost as much as 35 cents
each in quantities of a 1,000.) The price for our example
CD might thus come down to the cost of creating the CD
master (typically $700 to $1,200 for a small quantity CD,
free if you are creating 10,000) and the per unit cost. A
reasonable price might be $700 for the master and $1.20 per
CD. It is possible to find lower prices, however. In the
summer of 1993, for example, one replicator offered a
summer special: 1,000 CDs for a total cost of $1,500
including jewel boxes. If you supply a manual with the CD
that must be inserted into the case, the cost of printing and
inserting the manual is in addition to replication.

Two companies that replicate CDs from one of CDs
produced on CD-R systems are: Disk Manufacturing
Company ( 800 433-DISC) and Athana International (800
421-1591 in the USA and 44 753 511070 in the UK). Disc
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Manufacturing produczs several booklets on CD develop-
ment and replication including An Overview to Multimedia
CD-ROM Production, Compact Disc Terminology, Inte-
grating Mixed-mode CD-ROM, and Introduction to ISO
9660. Some of the technical information in this paper was
obtained from these brochures.

Conclusion
There are many uses for locally produced CDs in

teacher education. Until recently the cost of producing CDs
was prohibitive, but with the arrival of CD-R systems, it

becomes an viable option for many projects that involve the
creation and distribution of multimedia materials. In the not
too distant future graduates might even provide electronic
portfolios to prospective employers on CD. Such a portfolio
might include video clips of the graduate teaching classes as
well as audio of supervisors and instructors who comment
on his or her proficiencies.

Jerry Price is manager of the Center for Information
Technology in Education, College of Education, University
of Houston, Houston, TX 77204. e-mailjdprice@ukedu

Jerry Willis is Professor and Director of the Center for
Information Technology in Education, College of Educa-
tion, University of Houston, Houston, TX 77204.
e-mail: jwillis® jetson. uh. edu
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Building Faculty: Reflective
Decision-Making and
Developing a Faculty

Kiosk

Henryk R. Marcinkiewicz
University of South Dakota
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University of South Dakota

Dale S. Far land
University of South Dakota

Robert Jenson
University of South Dakota

Wayne Bruning
University of South Dakota

The School of Education at the University of South
Dakota adopted Reflective Decision Making as its philoso-
phy. Recently, a unit within the school, the Center for
Interactive Technology for Education and the Corporation
(InTEC), undertook the design and development of a faculty
kiosk. ItS purpose was to familiarize prospective students
and visito, s to the School with the faculty. The kiosk is a
computer-supported data base about the faculty and
programs of the school. An important feature of the kiosk is
that it combines sevetal kinds of datavisual, audio, and
textualfor each faculty member.

This paper will outline the structure of the kiosk, the
development of which required the faculty to participate.
The character of this participation was remarkable because
it mirrored the school's philosophy and the spirit of
reflective decision-making. As the components of the kiosk
are described, the faculty participation that was indicative of
reflective decision-making Will also be discussed.

Use of the term, reflective decision-making, is limited to
certain fields; as a concept it is universal. The principle of
reflective decision-making is that one thinks before acting in
seeking solutions. The result is that one's actions are
preceded by referring to whatever knowledge base is
available. This is a rather liberating process in that, while
there is the expectation that a person needs to think before
doing, there is also the acknowledgment that one is capable
of thinking, thereby acting in a responsible manner.

The Structure of the Kiosk
The reason for the development of the stack was to

allow for the display of visual, audio, and text data about the
faculty in a concise, speedy, private, and informative but
non-intrusive manner. The format (design) of the kiosk
follows the HyperCard® concept of a data base as a stack of
cards. Considering that there are four divisions in the School
of Education, the kiosk stack was divided into four main
partsone for each division. Navigation through the stack
is made possible via buttonsone clicks a mouse pointer on
a screen image to access data.

The kiosk displays introductory information: a title
screen, a credits screen, and a main menu (or directory)
which lists the divisions. On the latter screen, there is a
button which accesses information about the stack. There is
also a text search button allowing for specific searches of
the textual data base by typing in specific terms rather than
by clicking the buttons to move through the stack structure.
This search function is available throughout the stack.

Access to faculty data is rust available via the menu of
divisions. Once a division is selected, a card is displayed
listing the names of the faculty. One either clicks on the
"next screen" arrow to "page" through the alphabetical
arrzngement of faculty cards or one clicks the person's
name button on the division card.

Once a faculty card is invoked, the person's 32-bit
digitized color image is displayed along with a navigation
box (that is repeated throughout the stack) and four buttons
for accessing displays of other data. The buttons are entitled
"My Research," "Courses I Teach," "Did You Know?" and
"Hear Me." The first three display text on a field which

156 Technology and Teacher Education Annual 1994

17 0



appears alongside the color image and disappears when
another button for text data is clicked or when the card is
closed. The "Hear Me" button accesses a recording on
which the person's voice can be heard; it is a self-introauc-
tion.

In an effort to make the stack more interesting, attrac-
tive, and easy to use, color was added to the stack. Color is
not a feature of HyperCard but it was enabled to display
color using a colorizing external command (XCMD). This
feature was especially useful since it allowed the assignment
of distinguishing screen colors for each division within the
School.

Faculty Reflective Participation
The design and programming of the kiosk was done by

the InTEC group; collecting the data required the participa-
tion of all the faculty. Their participation was remarkable
because it demonstrated a depth of reflection characteristic
of the philosophy of the School of Education for teaching
and learning. Whether it was the particular media used or
the nature of the data that caused the faculty to demonstrate
so clearly the principle of reflective decision-making cannot
be completely ascertained, but their response was exciting
because it suggests that media development may initiate
reflective decision-making.

Specifically, three forms of data were collected for each
person. Textual data were gathered using response sheets
which provided an example of each type of information
requested along with a blank section which faculty com-
pleted. Faculty were given the option of accompanying one
of the developers in entering the text information in order to
monitor wording so that it was to their satisfaction. Most
faculty opted for the "live" text-entry interview. The capture
of images and audio was accomplished using a video
camera. Backup 35mm photographs which could be
scanned into the stack were taken in case the video footage
was unusable or lost. This was an unused but important
precaution that would have saved time if needed because the

logistics of having a faculty of approximately 100 members
processed would certainly result in production delays if
there were no backup for data

There were several minutes of video shot for each
person. The target was to have a single still image of each
person per card. However, each person was videotaped for a
few minutes so as to have the opportunity to select from
several facial expressions and to allow the person to
generate personal reflections that would be appropriate for

the textual data.
The video footage was digitized in two steps. One

computer program was used to capture and convert the
video from analog format to digital and store it on ahard
disk drive, another was used to touch-up images. InTEC
members found that for some footage, the quality of the
digitization improved if a video editor program was used on
the footage digitized with the screen capture program. The

audio portion of the video tape was captured and edited
using the Audio Palette feature in HyperCard.

The videotaping of the faculty for the project was the

means by which the faculty was provided an opportunity for

reflective decision-making. The video clips of faculty
demonstrate their engagement in the revealing, thoughtful
process for which they prepared. It was this very preparation
that so clearly demonstrated the reflective decision making
process that the School of Education has embraced as its
philosophy and which it models to its students.

Whether it was the medium, the content, or the task that
caused the faculty to behave in a manner that reflective
decision making would predict has not been determined.
InTEC faculty are convinced, though, that the characteristics
of the medium influenced them. Being videotaped requires
participation and motivationno one wants to submit to
self-ridicule. It would be expected that most people would
want to perform well in an activity that "puts them on the
spot." This is what the effect of the taping and the interview-
ing wasit drew the reflective decision-making process out
of the faculty. The result of the process was that the faculty
revealed themselves, expressed beliefs about topics that they
were not typically concerned with, and participated in the
projectthey learned about themselves and the topic. This
was accomplished by using media and guiding its develop-
ment with reflective decision-making. This process may
have possibilities with other learning.

Videotaping is already used in the instruction of
psychomotor activities such as sports and recreation,
activities such as preparing food, administering inoculations
to oneself, and job skills training. A person is more likely to
prepare for being videotaped than if he or she were not. The
taping activity includes several educational functions:
informative feedback, opportunities for multiple feedback,
self-modeling to practice, and the opportunity to explain
oneself or demonstrate one's skill to the video camera. This
last point of self-explanation is currently enjoying research
support as a valid means for determining a person's skill
and understanding while simultaneously encouraging their
development. The development of the faculty kiosk helped
our faculty to demonstrate reflective decision-making while
simultaneously developing media about reflective decision-
making. This process should enjoy successful application in
other areas of instruction. It is the intention of the InTEC
faculty to pursue the development of educational media as a
means for instructing reflective decision-making.

Technical Specifications
The program, HyperCard (version 2.1), was used in the

development of the kiosk. Colorizing HyperCard, developed
by BungDabba was the external command that allows
HyperCard to display color. The video capture software
used was Screenplay by Super Mac, the image touch-up
software used was Photoshop®, the video editing software
used was Premiere®, both by Adobe.

Henryk R. Marcinkiewicz, University of South Dakota,
School of Education, Vermilion, SD, 57069-2390, 605/677-
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As one might suppose from its title, the papers in this
section deal primarily with issues related to the program-
matic integration of technology into preservice teacher
education. This year's collection reflects five main areas of
interest. As in previous years, a number of papers describe
comprehensive approaches to planning entire programs of
study and upgrading the skills of teacher education faculty.
Also as in previous years there are papers that deal with
specific issues related to instructional ttchnology: evaluation
issues, Logo, multimedia, one-computer applications, and
special education applications, among others.

Five papers are included this year on less common, but
no less important, topics. One discusses facilities develop-
ment for colleges of education. The inclusion of two papers
on distance learning reflects the growing interest in this
domain. Finally, two papers remind us of the continuing
value of other, non-computing technologies: videotape and
two-way television.

Comprehensive Approaches
Andris, Nelson, and Smith describe LEARN1NGS, the

curriculum developing at Southern Illinois University at
Edwardsville for integrating technology throughout the
teacher education program in a variety of classroom and
clinical settings.

Erb and Golden provide a narrative on Marietta
College's ambitious program to integrate technology into
undergraduate and graduate teacher education programs, in
order to provide leadership to the surrounding school
districts that they serve.

Faison describes Rowan College's response to the
challenge of integrating technology into a 30-hour teacher
education program.

Freeouf and Flank describe the outcomes of a project for
training college faculty at the Westchester Education
Coalition in the integration of technology into their teach-
ing, also providing guidelines and implications for others
who wish to implement similar efforts.

Specific Issues
Dell provides "how-tos" on integrating technology into

the special education program at Trenton State College. Her
message is applicable beyond the special education milieu.

Dickey, of Eastern Kentucky University, focusses on the
selection and design of appropriate technological experi-
ences using a wide array of multimedia, shareware, and
other software for early elementary preservice teachers to
enhance their effectiveness in implementing a wide variety
of classroom management tasks.

Diem, of the University of Texas at San Antonio,
provides samples of computer-related social studies
activities for grades K-12 and encourages social studies
teachers to explore different computer utilities when
planning classroom experiences.

Ernest and Roy describe a collaborative project between
the University of Montevallo and an elementary school in
Shelby County, Alabama that not only provides Logo
instruction to 5th graders, but also supplies a valuable
clinical experience for prospective teachers. A review of
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some related research literature on Logo and some sample
instructional materials are included.

Leave ll, Peterson, Hall, and Caverly describe an
experience using a portable computer with LCD panel to
implement a database activity with teachers enrolled in
Developmental reading classes at Southwest Texas State
University.

Pan, of the University of Wisconsin at Whitewater,
discusses the value of preparing teachers to adapt and to
customize existing technology hardware and software
resources in schools.

Waxman and Padron, of the University of
Houstonpropose evaluation models useful for developing
systematic tools that can lead to meaningful determinations
regarding the effectiveness of technology-enriched teacher
education and professional development programs currently
in place, before such programs are replicated.

Facilities Development
Kortecamp and Croninger provide a thorough chronicle

of research and planning that transpires from the initial
stages of building a computer facility at the University of
New England to the realization, staffing, and teaching in the
real facility. They provide many suggestions for interested
readers.

Distance Learning
Valmont, of the University of Arizona, provides a

treatise on how to put together a distance learning facility
and offers insights to training personnel for using such a
facility.

Morgan describes, from a student's point of view, the
experience of taking a college course via distance learning
at Southwest Texas State University.

Non-Computing Technologies
McDevitt discusses early results of practical research

ongoing at the University of Massachussetts, Lowell, in
using two-way television technology to mediate an early
field experience model.

Brent, Wheatly, and Thomson describe the use of
videotape technology at East Carolina University to
implement undergraduate microteaching experiences.
Purposes are to build confidence, enhance reflection,
develop specific teaching and peer assessment skills, and
introduce assessment instrumentation.

The papers in this year's collection continue to evidence
a trend away from infatuation with technology for
technology's sake and toward the informed application of
these powerful tools to meet educational needs, priorities,
and agendas. Readers who are engaged in similar endeav-
ors will find validation, support, and valuable information
here. Readers who are not engaged in similar endeavors
may become persuaded that they should be.

Andria P. Troutman is Professor of Instructional Technol-

ogy and Director of the Cadre for the Advancement of
Instructional Technology (C.A.I.T.) in the College of
Education at the University of South Florida. She is
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andria@madonna.coedu.usf.edu

James A. White is Associate Professor of Instructional
Technology and Coordinator of Grarbrene Studies in
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Since 1987 the School of Education at Southern Illinois
University at Edwardsville (SIUE) has been involved in
building an undergraduate teacher education curriculum
integrating computer-related technology. The original
impetus for this move was the funding of several grants
which helped to build a state-of-the-art computer laboratory.
These grants included an internal grant for a Macintosh
based desktop publishing lab in 1989 and an IBM grant in
1990 for an ICLAS network and curricular integration. This
program was first described in Computers in the Schools
(Nelson, Andris & Keefe, 1991) and has evolved consider-
ably since then. While our initial efforts met with modest
success, two problems remained unsolved: the parts of the
computer curriculum were not unified, and some instructors
had still not assumed full-responsibility for their share of the
integration. This paper addresses our current efforts to move
forward toward our goal.

Excellent similar programs exist at other institutions. For
example, one at the University of Iowa (Thompson,
Schmidt, & Topp, 1993) may have accomplished more than
ours during its 10 year existence when measured by faculty
involvement and actual contact instructional hours. Still, the
SIUE program's current focus on unifying the curriculum
and insuring that faculty and student participation in the
program continues to increase may be of interest.

Creating Unity and involvement
The Coordinator of the program was struck by the

phrase "leaping inua the future" in early fall of 1992 as an
inspiring description of the program. Later, with the
addition of the letter 's', LEAPINGS became an acronym
for the content components of the curriculum eight areas
of knowledge and skills useful to professional educators:
Local area networks; Electronic mail and wide area
networks; Artificial intelligence, expert systems and
robotics; desktop Publishing and graphics; Integrated
software, iNteractive video, CD-ROM and hypermedia;
Grade and test management (teacher utilities); and Special-
ized subject-matter specific software applications: tutorial,
drill and practice, simulation, and learning environments.

These eight curricular areas are grouped further into four
general areas which form central themes in the program:
Communications, Applications, Simulations, and Exten-
sions. These four central themes are used to build a CASE
for proficiency in the use of computer technology.

The original strategy was for the Coordinator of
Computer Resources to design and/or develop modules of
instruction in these eight areas for inclusion into the ongoing
undergraduate teacher education curriculum at four crucial
points: the fust professional course, the general methods
course, the specialized methods courses and the stuck nt
teaching experience. All course instructors were to be
involved in the development and formative evaluation of the
modules. The connection between the modules and other
course content was to be made explicit. Two general
sessions, two hours long, regarding the first three points
were offered. In fact, much progress was made following
this model during the academic year of 1992-93.

As word of the LEAPINGS curriculum spread, graduate
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students in the instructional design program began to take as
their final project the design/development of a module,
working under the guidance of the Coordinator and with the
instructors to produce and test the methods and materials in
the courses of the undergraduate teacher education curricu-
lum. Unity of design is assured by the Coordinator's
working closely with these students. Modules can be of
three types: individualized modules for bringing individuals
to entry level competence, group instructional modules for
common in-class experience, and project packets that help
to reinforce knowledge and skills gained in the group
instructional modules.

An additional program aspect which fosters continuity is
that the supporting print materials for all modules are to be
of uniform design. As lesson plans and computer assisted
instruction for each module are designed and tested, the
print materials are organized into chapters Oh the eight areas
of LEAPINGS. Different portions of a chapter may be
received at different points in the program. The result is that
the students and faculty have a gyowing notebook on
integrating computers into the curriculum, and the instruc-
tors have an additional teachers' manual outlining the
program's purpose and curriculum. The chapter on elec-
tronic publishing and graphics is currently being designed,
and will represent an example of document graphic and
instructional design.

Faculty involvement is continually encouraged. The
Coordinator meets with many of the instructors each
semester to select, customize and redesign the modules to be
used. Many new ideas and units of instrUction have emerged
from these interchanges. The Coordinator also continues to
find ways to draw faculty into the electronic community
through both group and individual training in the use of e-
mail, conferencing, and list servers. In addition, the other
two authors of this paper continue to share their computer
expertise with faculty on a day-to-day basis, and are
themselves involved in several research and teaching
projects featuring computer applications.

The CASE for Integration
In the next four sections of this paper, details are

presented of how the LEAPINGS curriculum is integrated
into the undergraduate teacher education program.

Communication
A part of the strategy for creating unity and insuring full

participation by the faculty has been the building of an
electronic community which stresses communication. The
Coordinator had studied the efforts of Bull and Harris
(1992) at the University of Virginia, and modified these
ideas for use in this program. The School of Education
already had both a Novell and a LocalTalk network. A
internal grant proposal was written through Academic
Computing which funded the purchase of a NetWay 2000
gateway. Through this gateway, School of Education
teacher education faculty had their offices connected to the
SIUE mainframe. Now faculty have access to electronic
mail, conferencing, and will shortly have full Internet
connectivity. Training for all faculty is in process, especially

for those teaching several central courses.
After much negotiation with the campus Office of

Information Technology, preservice students now receive
electronic mail addresses which they may keep throughout
the program. They are taught and encouraged to communi-
cate with their professors, and learn how to conference and
join list servers during the program. For example, electronic
communication is introduced in the Introduction to Educa-
tion course. One professor helps to coordinate student work
groups by assigning a group correspondent for each work
group. ihis correspondent is responsible for reporting group
progress and difficulties on a regular bases to the professor
through e-mail. Another professor has set up an electronic
conference with a number of important course topics, such
as what makes a good teacher. Students are responsible for
participating in this electronic discussion.

Faculty are currently being trained to use Bitnet and
Internet lists that are related to their fields of expertise. Next
year, subject matter courses, the students will work in
groups to begin to tap these valuable on-line resources
during their specialized . They will be taught responsible
on-line behavior in a community of experts, and encouraged
to critically use resources, such as the daily lesson plans,
available through e-mail from CNN news.

We are also hopeful in the near future to introduce the
newer hypertext and hypermedia-based Internet search
capabilities to our students in some portion of the program.
Current plans are underway to acquire our own Internet
server and to install software that makes many of the
Internet operations menu-driven.

Both faculty and students are trained in the effective use
of Local Area Networks. The Novell network currently runs
under IBM's Clascroom LAN Administration System
(ICLAS), and students in the Introduction to Education class
learn to log onto the system using their own id and use the
applications and educational software installed on the LAN.
Handouts are available which orient the student to the
advantages of both local area networks, and which describe
the software that is available, more than 100 titles in the
case of the IBM network. Faculty have begun to use the file-
sharing capabilities of the Loa (Talk network, and a token-
ring campus area network will soon be available for those
who wish to connect to it.

Application
The second aspect of building a CASE for proficiency

in computer-related technology is applicadons. One of the
complexities of a modern university environment is the
diversity of entry level skills, including computer skills, that
students in the same class have. Nowhere is this more
apparent than in the area of applications software. Abilities
range from no experience with a word processor to power
spreadsheet and electronic publishing user, with all the
shades of grey in the middle. We are designing a curriculum
that will hopefully challenge most of the students.

The MicroSoft Works tutorial is easily available in our
lab at 35 workstations. Using a check list, students in the
introductory course assess what they do and do not know
about word processing, data management, spreadsheets and
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charts. They then devote the rest of the time to familiarizing
themselves with an unfamiliar aspect of integrated software.
Another course requirement is that written assignments are
to be turned into word processor, so that students are
motivated to learn this aspect of computer competence.
Incidentally, this curricular module was developed as a
masters project under the guidance of two of the authors.

Our data show that while many students are receiving
training in other programs in word processing and the use of
spreadsheets, particularly WordPerfect and Lotus 123, most
of them have little familiarity with integrated software and
its relative economy and ease of use, especially for such
tasks as mail merge, creating charts and or tables of
numbers in a spreadsheet and pasting them into word
processing documents. Modules are now being developed to
allow students to pursue independently some project-
oriented application for extra credit.

Students also are exposed to the desktop publishing
environment in one of the two lab, with a special focus on
using appropriate tools to produce effective teacher-made
materials. In the general methods course, two modules are
available, depending on the instructor's choice. Students can
either produce a one page newsletter using Express Pub-
lisher in the IBM lab, or they can produce a teaching
handout with graphics in the Macintosh lab using clip art
and Micro Soft Works. These hands-on activities are
supplemented by print materials.

In the specialized science methods courses, students
learn to use both spreadsheets and data management tools to
create science units. Two units have been taught in the past
that demonstrate how applications tools can be used to teach
inductive reasoning. One unit uses spreadsheets to chart and
analyze weather over a two week period, and then uses
weather charts and graphs to look at relationships between
weather variables. The other constructs a database on Native
American tribes and aspects of their culture, such as
principal food, dwelling type, and so forth, to encourage
analysis of the effects of various variables on culture.

Simulation
The third aspect of the CASE for proficiency in the use

of computer technology is simulations. The aim of the
program here is to build an appreciation of what is happen-
ing today in computer technology; everywhere one sees the
attempt to accurately simulate and more than that, to extend
human behavior, intelligence, perception, and experience.
Into this category is grouped not only traditional computer
imulations, such as the Local Talk networked version of

Oregon Trail, but also hypermedia, robotics, artificial
intelligence, expert systems, and virtual culture.

The specialized methods courses especially science,
social science, and language arts have been designated
as a place where interactive video materials will be used as

one nucleus for building effective lesson plans. Over the
past year, a graduate student worked with the Coordinator
and the instructors of these three methods classes to
integrate interactive video into this aspect of the curriculum.
For example, the social studies instructor has integrated the
software package Point of View (an interactive videodisc-

based hypermedia package encompassing historical events)
into the methods class he teaches. He demonstrates how
easily history lesson plans can be augmented with audiovi-
sual material on such topics as "Martin Luther King's
March to Selma" and "Kennedy and the Bay of Pigs."
Students in these classes also may join Bitnet and Internet
lists and engage in other forms of wide area networking
relevant to the methods they are studying.

Another as yet undeveloped aspect of the simulations
curriculum will be the study of artificial intelligence, expert
systems and robotics as an extension of human capabilities
and intelligence. This unit is targeted for the required
educational psycitology course. The planned activities for
this course include the use of "outlining" or concept
mapping tools such as Inspiration to illustrate various
aspects of knowledge organization and representation in
human memory. Another activity will involve the construc-
tion of a knowledge base (a set of ntles for making decisions
in a domain) to be used in an expert system. With these and
other activities, teacher education students will gain insight
into the nature of intelligence, the functions of hurnan
memory, and the learning process.

Extension
The fina. of the four aspects for the CASE for profi-

ciency is the category of extensions. This idea embraces the
two categories of teacher teaching content and teacher doing
management-type activities. Some computer tools are
exiensions of the teacher in either the teaching mode or in
the preparing for/managing teaching activities mode.

The same principles which govern the construction of
good software, especially software with a strong tutorial
component, are relevant to improving the teaching act itself.
Teachers can learn about effective teaching from designing
or evaluating tutorial software, and also, teachers can
improve selection of software with a tutorial component by
focusing on the adequate teaching act. Certainly, one
important comparison to be made is the amount of
interactivity and 'earner involvement necessary to an
effective piece of computer assisted instructional software
and the interactivity in a typical class where the student to
teacher ratio is 30 to I. Opportunities are provided through-
out the program for viewing and evaluating a range of
examples of software. Students are shown how to access
available software in the introductory course. In the
specialized methods courses, the focus is on using the
software as a part of a well-designed course of instruction.

The second kind of teacher extension has been classified
in the past as teacher utilities. In this program we focus on
grade and test management, since they are such important
aspects of the teacher's job that serve to support the direct
teaching act. On the IBM LAN, we have both Excelsior
Grade and Excelsior Quiz. Modules have been developed
for both these programs for the general methods course The
most effective format we have found to present these (aud
several other) programs is to have small groups follow a
series of questions designed to produce either a class grade
file or a test document.

Not yet accomplished, but projected for the coming
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semester is a complete integration of the subject matter of
student evaluation which is covered in the general methods
course with the use of these two programs. Thus, the
instructor of this course will work with the Coordinator to
design Excelsior Grade and Quiz modules which will
effectively use the evaluation concepts being covered in the
students' textbook and in the lectures and other classroom
experiences.

Other Program Aspects
Assessment and Redesign

The quality of the program is not currently being
assessed with formal research design. The focus is on
faculty and student interaction and exchange of ideas
through virtual and real sessions, on periodic revision of
modules and material based on observations and feedback
gained through their use, and on the use of proven instruc-
tional design principles. We do use student evaluation forms
in the initial phases of implementation of any curriculum
module, and we take patterns of negative student comments
seriously in the redesign of the materials.

We are also very much aware that making this curricu-
lum is a little like building a ship while it is at sea. For
example, it is very likely that next year's program will have
significant revisions. The Introduction to Education has
been cut to a 2 hour course, and therefore, more introduc-
tory material will have to be put into the general methods
course. Additionally, next year will be the first year in
which we attempt to triangulate between student teachers,
cooperating teachers and university supervisors using e-mail
and conferencing.

Continuing with the metaphor of building a ship at sea,
the parts to the ship of educational computing keep arriving
ever new, and can be somewhat incompatible with the parts
now in place and successfully functioning. Actually, the
continual upgrading of equipment and software can help to
assure that the focus is on concepts rather than technology.
Furthermore, in view of the diversity of installed bases of
technology that our students are likely to encounter in the
field and in their eventual positions, it is probably desirable
to have several generations of software and hardware
available for use and experimentation.

The undergraduate teacher education program is
undergoing NCATE review this year. As part of this
program, the Coordinator prepared a questionnaire on the
integration of computer technology into the curriculum and
distributed it to every active faculty member. The results of
this survey and more in-depth follow-up interviel...s should
help to further integrate and unify the curriculum and to
avoid inappropriate sequences or levels of difficulty of
content.

Related programs
In addition to this program, which is received by all

undergraduate education majors in early childhood,
elementary, secondary, and special education, the special
education program continues to teach a three hour course
devoted to the use of computer technology in special
education which covers much the same content in relation to

this discipline. In addition, a number of stand-alone courses,
including courses in computer assisted instructional design;
desktop publishing and instruction; computer networks and
instruction; and computers across the curriculum, are
available for senior students as well as inservice and masters
level students.

Even though this brief paper outlines the core concepts
and skills which we continue to integrate into our under-
graduate curriculum, we are indeed fortunate to have several
persons on our faculty who have made outstanding contri-
butions to the field of computer applications in education.
These faculty members all teach various courses which
many of the students take. One person has developed the
Illinois Rivers Project, an integration of science and
language arts which makes use of an extensive FredNet-
based bulletin-board system. Another is an internationally-
known developer of problem-solving software. Still another
has worked with the Region 16 Educational Service Center
to integrate various aspects of microcomputer technology
into mash kits which are available for area elementary
sci:nce instructors. Other faculty are quite current in the
compoter applications in their field of expertise.

Conclusion
In conclusion, this paper has presented a synoptic

overview of the LEAPINGS into the Future curriculum
which integrates eight aspects of computer-related technol-
ogy into the undergraduate teacher education program at
S1UE. It has focused especially on how unity and faculty
and student involvement have been encouraged, on the role
of instructional design, and on the evolving nature of this
curriculum. It is hoped that by sharing this information, the
academic community can learn about yet another approach
to this important topic.
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The Marietta College teacher education program
supports a philosophy of holistic education, stressing the
importance of the integrated curriculum for the education of
the whole child. Elementary education methods classes
typify this philosophy with the integration of language arts
and social studies methods and science and math methods
classes. At the secondary education level, methods classes
encourage the integration of other relevant disciplines into
the content of students' lessons. Included in this philosophy
of curriculum integration is the understanding and use of
technology across all content areas. Students learn how
technology enhances classroom instruction and student
learning. Through the integration of technology, teacher
education students are able to appreciate its role as a vehicle
for critical thinking and problem solving at all education
levels and in all discipline areas.

Marietta College believes that, as a teacher education
institution, one of our primary objectives is to serve as a
technological leader for the public and private elementary
and secondary schools in rural southeastern Ohio. Geo-
graphical isolation, size, and funding inadequacies have
prohibited most districts in this area from effectively
integrating technology into their schools. Through the
Marietta College Model we are making progress enhancing
the technological literacy of our students as well as the
teachers and administrators of the surrounding school
districts.

The Model in Action
All undergraduate education students at Marietta

College are required to become technologically literate,
knowledgeable, and skillful enough to integrate Macintosh
con ,nners, laser video, and CD-ROM technology into their
teaching. This technological literacy is addressed in a
variety of education courses.

Elementary education students enrolled in the Founda-
tions of Reading course practice using CD-ROM technol-
ogy through the creation of lessons which integrate software
such as the Discus Books series and Broderbund's Living
Books. During their field experiences in area schools many
of these students take this technology out to classrooms with
them as they implement practice lessons with groups of
students. An entire literature unit has been built around
Marc Brown's Arthur books. Using the Broderbund CD-
ROM version of Arthur's Teacher Trouble as a stimulus,
reader response and interdisciplinary extension activities
have been designed to correlate with several of the books in
this series. Students have been able to successfully field test
this unit with second grade students.

In the Elementary Language Arts and Social Studies
course, hypermedia is used by the instructor to present
concepts in class and to model its use as a learning tool for
elementary students. Hypermedia has provided a conceptu-
ally rich environment in which to integrate content and
establish contexts for problem solving and critical thinking.
After a hands on introduction to the process of authoring a
stack with Roger Wagner's HyperStudio , students create
their own literature response stacks to be used with elemen-
tary school children.
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While many of the college students are at full hesitant to
attempt this new technological feat, allowing students to
work collaboratively on this project circumvents much of
this anxiety. Two nr three weeks into the project this
cooperative arrangement pays off with even the most
reluctant students when pieces of the process suddenly
begin to click. These student-created stacks are built
around works of children's literature and are intended to
engage the elementary children in reading, writing, speak-
ing, listeuing, and critical thinking activities. College
students are encouraged to incorporate sound, scanned
images, Quicktime movies, and laser video clips in their
stacks. Students spend the weeks leading up to this
experience previewing one another's stacks and offering
constructive criticism.

A true test of the their stacks' worth comes when
students are given the opportunity to work with children
who spend a week on campus with their teacher during our
visiting classroom program. Working in groups of :wo to
three, the elementary children are able to sample a iariety of
the stacks during their week on campus. College students
read the work of literature with the children to establish a
context prior to introducing them to the stack. The children
are then able to use the stack to respond to the story with
their own text, graphics, and sounds.

Elementary and secondary students who are pursuing
certification in the area of remedial reading use technology
as a record-keeping tool during the college's summer
reading clinic. Using HyperCard, students create a diagnos-
tic record for each of the reading clinic participants, which
includes pop up windows with formal and informal test
results, a recording of the child's oral reading, a record of
the college student's observations of the child, and a
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Quicktime movie clip of' the child engaging in a literacy
activity.

In the area of math and science, both elementary and
secondary students are given experience with applying a
variety of laser video discs to their classroom instruction.
Students are trained in the use of the Jasper Woodbury
series and given the opportunity to work with middle school
students using the series in an after-school ccience and math
enrichment program.

Secondary students learn to use laser video segments to
demonstrate concepts, constructs, and problem solving
scenarios. They begin by finding a scene from a laser video
that demonstrates a concert. The scene is presented to
classmates in a demonstrati, in of their selected concept.
This exercise not only provides experience with laser video
technology, but also provides valuable experience in
isolating the attributes and characteristics of their particular
concept. The laser video segments provide rich visual
contexts for concept exploration. Students find this
experience to be memorable and significant in their ability
to understand concepts.

One secondary methods requirement is to develop a
complete two week unit plan. In addition to ten daily
lessons, the plan must also contain a rationale, unit goals, a
unit evaluation and a complete resource file. In an effort to
integrate the use of technology into teaching, one of the
daily lessons must include some form of computer, laser
video, or other new technology. The entire unit is devel-
oped on disk, using a HyperStudio stack that the professor
developed. Each student is issued a disk with a nintirne
version of the stack on it. The stack is designed to allow
immediate access to all components of the unit plan through
the use. of buttons. The diagram in Figure I shows the
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Figure 1, Navigation Icons

166 Technology and Teacher Education Annual 1994

MMINIM11111111111M

IMO

WIN

. 111

O M!



Figure 2. A Working Screen

button icons used to navigate to the various components.
Any of the unit plan components can be accessed from

any card in the stack. For example, if a student is working
on a daily lesson plan and wants to see the content outline,
the student simply clicks on the content outline button and
that screen immediately appears (see Figure 2). The
instructor's comments and grades are in the "Remarks"
section, which also can be accessed from any screen.
Students can also add recorded messages and sound to their
work.

Students in the methods class have commented posi-
tively about the Hyper Studio unit plan. They enjoy the
interactivity of the unit and feel that working on the
computer is a beneficial part of their teacher preparation.

Marietta College believes that undergraduates who leave
the college with teacher certification should be technologi-
cally literate and have the ability to incorporate technology
into their teaching strategies. If students leave their
undergraduate education without technological literacy, they
will be less willing to seek this knowledge and expertise
after they begin teaching. Marietta College wants its
graduats to be enthusiastic about technology, seek it when
they begin teaching, take a leadership role in procuring it,
and advocate its use in the instructional process.

Changing Attitudes of inservice
Teachers and Administrators

Graduate students in the Master of Arts in Education
program take an Advanced Instructional Strategics course as

one of their core requirements. In this course students must
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develop a HyperCard or HyperStudio interactive stack that
combines graphics, seanned pictures, laser video, and
sound. Students work collaboratively on their stack
development and present their stack to the class at the end of
the semester. Their stacks are archived in the Curriculum
Library and loaned to area teachers to be used in their
classrooms. The graduate students are encouraged to
integrate various disciplines into the content of their stacks,
and each stack must have problem solving and critical
thinking activities to directly involve students with the
content.

One distinct difference between teaching undergraduate
and graduate students to use technology is the reluctance of
graduate students to interact with it. Generally, they are
more insecure, hesitant, and negative about learning how to
use technology to enhance their teaching. These students
are veteran teachers, many of whom have not taken a
college course for a number of years. Their prior experi-
ences with technology are usually minimal and they fear the
computer. The first six weeks are usually painful for both
the graduate students and the instructor. The students feel
that it is unfair to require them to learn to use the computer,
to learn to use laser video, to learn to use software, and
finally, to combine it all together into a sound interactive
lesson. The most enjoyable moments of the semester are
when these same students find a new self-confidence in
their abilities to learn and become proud of their work. By
the end of the semester, they are teaching each other,
creating problem solving stacks, and cheering wildly when
their fellow students present their projects. Some of these
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students go from threatening to quit the course and the
program to buying a computer at the end of the semester.

These graduate students return to their schools with their
new found enthusiasm for integrating technology into their
teaching and demonstrate their abilities to their principals
and fellow teachers. They become advocates for writing
grants and securing funding to purchase technology for their
schools. Most importantly, they encourage and introduce
their students to technology and provide them with rich
exr ..friences.

Conclusion
The Marietta College model integrates technology into

its teacner education program. The insmuctors in the
Education Department model the use of the technology in
their own teaching and require their students to demonstrate
technological literacy and proficiency. The graduate
students take a course in technology as part of their program
core. These efforts have produced new and veteran
professionals who advocate the integration of technology
into their classrooms and consequently, teach their students
about technology, affording them the opportunity to
learning.

Dorothy J. Erb is instructor in Education, Education
Department, Marieta College, Marietta, Ohio 457P

Constance S. Golden is associate professor of Education.
Education Department, Marietta College, Marietta, Ohio
45750
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Electronic media and technologies of instruction have
the potential to be an integral part of the teaching-learning
environment at all levels. One way to increase the appropri-
ate use of technology in our K-12 classrooms is through the
education and training of preservice teachers. A 1990
survey of 282 colleges of teacher education conducted by
the Center for Information and Communication Sciences at
Ball State University found that teacher preparation
institutions have a medium to high commitment to prepar-
ing their students to function in the information age, and
almost all are implementing changes to make this goal a
reality (Stowe, 1990). Another survey, conducted by the
Center for Educational Research and Innovation (1992),
concluded that the potential for improving teaching and
learning will not be realized unless teachers are well-trained
in the uses of new technologies.

Teachers must be competent in two areas. They must be
able to operate technological hardware, and they must also
develop competencies in identifying and using appropriate
educational software and materials. Preservice teacher
training has done more in the first area than the second.
Despite providing instruction in the operation of hardware,
inadequacies have been noted. For the most part, courses
are short in duration, presented without connection to
subject-matter, and void of integration of hardware with
specific teaching styles (Center for Educational Research
and Innovation, 1992). "It has become increasingly obvious
that any expenditure for technology must be leveraged with
a greater investment in teachers" (Jordan and Follrnan,
1993, p. 64).

According to the Association for Educational Communi-
cations and Technology (AECT), Guidelines for the
Accreditation of Programs in Educational Communications
and Information Technologies, teacher education programs
should include research and instruction in the following
areas: 1) systematic design of instruction to meet learner
needs; 2) selection of media and interactive technologies; 3)
preparation and production of media and technology; 4)
utilization of media and interactive technologies; and 5)
operation of media equipment (AECT, 1989). Teacher
preparation programs must be dedicated to producing
technologically literate teachers who will be able to function
in the 21st century. In New Jersey, the Task Force for the
State Technology Plan has identified several goals for
preparing educators for new roles with regard to the use of
technology. Among those goals are: 1) preservice teacher
education programs must infuse appropriate applications of
technology into professional sequence courses, and 2)
educators at all levels must be prepared to use technology in
classroom management to acquire detailed knowledge about
student performance (Stapleton, 1992).

Constraints of New Jersey Certification
Requirements

In 1986, the State of New Jersey changed its require-
ments for teacher certification, indicating that all elementary
teacher candidates must have an academic major. Of
course, this had already been the case for secondary teacher

Preservice Teacher Education 149



0

education candidates. The professional component of the
program could not exceed 30 semester hours. In Rowan's
case, 12 of these semester hours were designated for the
full-time student teaching experience. In order to meet the
30 credit cap, many of the 'traditional' teacher education
courses had to be revised, and subject-specific pedagogy
courses were modified, streamlined, or eliminated. Isolated
courses in educational media (the old 'audiovisual' courses)
were among the first to go. With the increased demand for
technologically literate teachers, and the decrease in time
and credits available for professional courses, how could
knowledge and use of technology be integrated into the
undergraduate teacher education program?

Rowan's Modular Approach
As a result of the changes in certification requirements,

Rowan (then Glassboro State College) revised its pedagogy
courses in its undergraduate teacher preparation programs.
Pedagogy courses in the elementary and secondary educa-
tion departments incorporated a laboratory/field experience
component. Using this laboratory component, technology
modules were developed to be offered along with field
experience opportunities. Reflecting the knowledge base
for teacher education and research on the integration of
technology in teacher education, this modular approach
attempted to offer the skills, knowledge and competencies
cited as important for classroom teachers. Other teacher
preparation programs including special education, health
and physical education, home economics and technology,
quickiy incorporated the use of these modules into their
revised curriculum and methods courses.

Originally, three modules were offered. The first
module concentrated on the research on the use of media in
the classroom, examined attributes of various media
formats, and introduced a method of systematic design.
Module Two was a hands-on session that dealt specifically
with equipment operation. The third module focused on
production of instructional classroom materials. Each
session lasted 1 1/2 hours and was presented by the instruc-
tional technology specialist. Any instructor teaching a
pedagogy course could assign students to attend one to three
of the technology module sessions.

While this modular approach was well-received, the
need for modifications was noted. During the second
semester that the modules were offered, departments
designated specific modules that would be offered with
specific courses, insuring that students would not be
exposed to the same modules in more than one of their
pedagogy coursz:s. Also, a better system of recording and
reporting attendance at sessions was developed. Sign-in
sheets were made available tor all regular course instructors.
Students were held accountable for their attendance at
sessions.

During the second year of implementation, two addi-
tional modules were added. One module dealt with an
introduction to computers in education, and the second was
an orientation to all print and nonprint media services
available in the School. The modules were gaining popular-
ity, but still the need for modification was noted. The major

problem was that media instruction was still presented in
isolated units apart from 'regular' classroom instruction, and
the increased participation in module sessions was becom-
ing more difficult to manage, since all sessions were still
being presented by the instructional technology specialist.

In response, the modules continued to evolve and more
coordination between the course instructor and technology
specialist emerged. Media-use requirements became part of
the field experience component of courses, coordinated
grading of media projects by the instructional technology
specialist and the course instructor began, and course
instructors incorporated information from the modules into
their assessment techniques.

Currently, six modules plus the orientation session are
available to preservice teacher candidates. These sessions
are as follows:
1) Understanding Instructional Materials and Technologies

- roles and types of instrUctional materials are explored.
Systematic instruction is introduced.

2) Operating Basic Instructional Equipment - students
practice use of various media and technologies from
audiocassette recorders to laserdiscs.

3) Incorporating Instructional Materials and Technology in
the Classroom - based on assignments given by course
instructors, students are instructed on the production of
classroom materials.

4) Word Processing - a basic understanding of Clarisworks
word processor is developed.

5) Computer Managed Instruction - demonstrations and
hands-on experience with software used to support
managerial tasks.

6) Computer Assisted Instruction - overview of existing and
emerging computer technologies and their applications.
(A second session may be scheduled to provide hands-
on activities with selecad software packages.)

Each session is 1 1/2 hours long. Sessions 1-3 are
presented by the instructional technology specialist, and
sessions 4-6 are now presented by the full-time computer
coordinator. Faculty members scheduling the technology
modules for their classes must meet with the two technology
specialists to plan individualized content/grade level specific
presentations. Faculty members are strongly encouraged to
attend the technology sessions with their classes, and
voluntary workshops on technology use are offered to
faculty each semester.

Future Directions
The plan for grtater integration of technology has

become a college-wide fecus at Rowan. There is a commit-
ment on the part of the Office of Academic Computing to
put a networked personal computer on the desk of each
faculty member. This will facilitate movement toward a
technologically literate faculty who model appropriate
technology use. A new library is under construction which
promises to offer state-of-the-art information technologies
that can be accessed from faculty offices, computer labs,
and student residential facilities.

Another campus-wide movement is the installation of
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'smart classrooms' in each instructional building. The
instructional technology specialists in the School of
Education and Related Professional Studies (SERPS) have
developed a proposal to facilitate the development and use
of these 'smart' classrooms. This action plan, which has
been titled T.E.A.C.H.E.R. (Technologically Enhanced
Academic Classrooms for Higher Education at Rowan), will
provide a variety of media formats which will be readily
accessible to SERPS faculty for classroom use. The 'smart'
classroom will be equipped with computer, video, and
satellite capabilities, as well as the more traditional media
formats such as slides, overheads, and large screen projec-
tion. Faculty will have the opportunity to creatively develop
lessons which infuse a variety of electronic information into
the traditional learning situation. This, too, will enable
faculty to model appropriate technology use for preservice
teachers.

It is hoped that with increased access to technology, and
the appropriate support, teacher educators and tcacher
candidates will close the gap between the rapid advances of
technology and the use of technology to support and
enhance the educational environment. Rowan's modular
approach is just one attempt to move closer to this goal. The
outcome envisioned is a beginning teacher who is techno-
logically literate and prepared to facilitate and improve the
learning process.
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Preparing Teacher
Educators to Integrate

Technology into Required
Courses: W.T.E.G.

Barbara C. Freeouf
Westchester Education Coalition

Sandra Flank
Pace University

As part of a four-year effort to improve teacher prepara-
tion programs in Westchester County, New York, the
Westchester Education Coalition has been spearheading a
project with teacher education faculty in nine local colleges
and universities. The project, known as the "Westchester
Teacher Education Group" (W'TEG) is aimed at giving new
skills, knowledge, and understandings to teacher education
faculty in four focus areas: technology, multicultural
diversity, math/science, and work-based learning. This
paper will highlight two years of activities and products
with one of the four strands, the "WTEG Technology Task
Force" and the emergent model used to support its work.

Participants
Beginning in November, 1991, the Westchester

Edt :,ation Coalition was awarded funding by the Wallace-
Reader's Digest Westchester Fund to lead a two-year
program to bring local teacher education faculty up to date
in their knowledge and use of technology. Fifteen represen-
tatives from nine colleges participated in this effort,
including: College of New Rochelle, Concordia College,
Fordham University at Tarrytown, Iona College,
Manhattanville College, Marymount College, Mercy
College, Pace University, and Sarah Lawrence College.
They were joined by nine classroom teacher-partners from
local public schools in monthly training and support
sessions provided by staff from the Iona Institute for
Computer Studies. Periodic-curriculum integration sessions
were facilitated by consultants from Bank Street College of
Education. The Coalition planned and coordinated all
activities. A grant from the IBM Corporation enabled the
entire group to have PS/2 Model 55 computers and an
advanced academic software package for use in their homes
during the project.

Principles
One of the fundamental tenets of the WTEG project is

that upgrading the skills and knowledge of teacher educa-
tion faculty is pivotal to improving the preparation of
teachers for classrooms of the present and the future.
Another principle upon which the project operates is that
changing teacher preparation programs must be accom-
plished throur h integration of new learnings as opposed to
the traditional approach of adding new courses and new
requirements. A third belief is that those who are learning
new skills and trying to apply new knowledge must have
their concerns addressed in multiple ways. To this end, the
well-known CBAM, "concerns-based-adoption model" (
Hall, et al, 1986) was used by the project's coordinator to
work with participants and facilitators. In all, project
facilitators recognized that successful change is contingent
upon easy access, regular training, support, challenges, and
opportunities to test and incorporate new skills and products
in personally and contextually meaningful ways.

Training and Other Support
From January, 1992 to March 1993, the task force met at

leak once a month to receive training in DOS, file manage-
ment, word processing, spreadsheets, multimedia, use of
databases, e-mail, and telecommunications. lona College's
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"Institute for Computer Studies" provided the training,
using a customized-for-educators version of a successful
model used to train business personnel: six hour modules
combining skills, information, and applications. To balance
the work on skills acquisition, sessions which focused on
curriculum integration issues, classroom applications, and
pedagogical concerns were led by Cornelia Brunner and
Margaret Honey from the Center for Children and Technol-
ogy.

Hayes modems and Prodigy accounts were provided to
enable task force members to begin to communicate
electronically with one another and with the project
facilitators and coordinators. Later, Iona provided Bitnet
accounts for everyone. A support hotline telephone number
was also provided by Iona as were Saturday reinforcement
sessions. Numerous written materials, journal subscriptions,
and technology conference information were supplied
regularly. Evaluation data was collected after each training
meeting. Participants completed reaction forms, kept
electronic journals, and were interviewed regularly. E-mail
communication ant; other kinds of communication between
task force members and the project's director gave a "pulse"
on participants' needs, frustrations, and accomplishments.
Facilitators and coordinators analyzed the information and
made adjustments accordingly.

Sharing sessions were scheduled periodically to enable
participants to learn from and support one another. These
sessions also provided project consultants a chance to offer
assistance from two technical and curricular vantage points.
WTEG participants were frequently encouraged to try an
alternative or get more training in a particular area whenever
necessary. Integration proceeded at various rates and
various depths, depending on the individual's readiness
level. By Summer, 1993, all fourteen college faculty and all
nine classroom teachers were comfortably using technology
in connection with their teaching. Only one college
representative had dropped out of the project due to a job
relocation.

While the levels of use varied widely depending on the
content of cotrses, the teaching or administrative duties
involved, and the individual's entry level skills and prior
knowledge, every participant advanced beyond a minimal
understanding. All participants showed positive attitudes
toward technology; some had even become "activists" at
their institutions.

A WTEG publication of revised course syllabi repre-
senting various content areas of the nine teacher preparation
programs will be available for dissemination in 1994. Here
we give a summary of its content, selected data about the
impact on participants, their courses and the process used to
support their work. We conclude with a discussion of the
potential for wide- institutional impact both within the
WTEG alliance and to other teacher preparation programs
seeking to integrate technology.

IMPACT
Revised Preservice Courses

All twenty-three participants reported using computer-

E

related technologies regularly. Anecdotal records, projects,
sharing sessions, and other means were used to verify their
contentions. Since only college faculty were required by the
grant to submit course syllabi which reflected how technol-
ogy was now being used in a required preservice course
which they taught, our discussion here will focus on these
participants. Table 1 summarizes the variety of courses
which were affected:

Table 1
Courses and Number of Faculty Affected

Number of Faculty
3

1

1

1

3
2

1

1

1

Course Faculty
Social Foundations
Philosophy of Education
Student Teaching Seminar
Psychology of Learning
Math Methods
Reading Methods
Testing and Measurements
Technology in Education
none (had only adm. duties)
moved

Pre-post content analysis by consultants revealed the
following changes made by those 10 faculty who submitted
syllabi in time for outside review:

Table 2.
Changes Made By Participating Faculty

Number of Faculty Kind of Integration
(using a 3 point scale;

3 under-applied = 1
4 adequate = 2
3 well-integrated = 3

The criteria used for this rating was based on one of the
main project goals: to integrate new knowledge, skills, and
understandings into existing, required courses. The labels
suggest the degree to which college fazulty were able to
change their syllabi, moving toward a more thorough and
meaningful application of technology in course content,
assignments, and activities. Observations of teaching were
not used in this portion.

Generally, the "under-applied" group included nominal
discussion or uses of technology, not requiring preservice
student to connect the technology to the course content or
activities in a meaningful way. For :xample, one participant
now requires her students to write their papers on a word
processor, but does not indicate that she intends to discuss
with her students the pedagogical benefits of computer use
for revising and sharing information in research and writing.
Under-applied syllabi generally suffered from a lack of
elaboration as applied to pedagogy. No meta-analysis of
technology's use in learning was evident in these courses.

"Adequate" syllabi generally included some type of
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substantial, technology-rich activity; however, these syllabi
often lacked a clear explanation of the relationship the
participant envisions between the technology piece of the
course and the rest of the court content. For example, one
participant indicated that students would use "Toolbook" to
create programs, but only after the usual course content was
covered. In this context, technology remains an "extra," a
"reward," or possibly a disposable portion of the course,
rather than an integral part of the process of teaching and
learning. Other faculty syllabi in this category suggested
exciting projects, such as creating hypertext-based interac-
tive reports, but did not indicate that students would be
engaged in any discussion of why this particular medium
might be appropriate, or of the design and narrative issues
involved in creating hypertext-based, compared to tradi-
tional reports. Adequate syllabi also tended not to account
fully for the effort and rationale involved in introducing
students to new technologies.

The "well-integrated" syllabi were created by faculty
who were able to recognize the unique qualities of specific
technologies such as videotapes, multimedia, a n d integrated
packages, and use them to the best advantage of the course.
Well-integrated courses use technology in such a way as to
teach and learn with the power of the technology as well as
requiring preservice students to analyze its importance for
classrooms and individuals.

Participants
Analysis of interviews with participants revealed that for

all of them "successful technology integation" meant that
their students will have the opportunity to either work with
or learn about a range of different technology based
applications. The college faculty were also interested in
modeling processes that students will eventually use when
they are teaching in classroom situations. Success meant
increasing their own level of comfort and expertise with the
technology, too. For some, this meant starting with projects
that are small and modest in scope. Exit presentations on
these technology projects revealed other aspects of the
revised courses that were not necessarily evident in the
revised syllabi. Five college faculty presented projects that
used or created tools to support gathering, sorting, and
analyzing project-based curriculum or materials by their
preservice students, using existing applications such as
Excel or, Paradox, or creating their own applications using
Toolbook or Linkway.

All participants reported integrating technology into
professional tasks. Both college faculty and classroom
teachers now regularly use their computers for practical
tasks including writing lesson plans, scheduling, managing
their time, creating tests and progress reports. Word
processing was being used for all professional writing and
presentation materials. One classroom teacher even
reported that his class was motivated by his great looking
working sheets and looked forward to "the font of the week"
used on his assignment sheets. In the CBAM language,
most participants had attained at least a Level Di (mechani-
cal) or Level IV (routine) use of technology. Two faculty
and three classroom teachers went beyond these tasks by

creating databases for use in their schools and working with
other colleagues in joint projects. In these cases and others,
the level of use had gone far beyond the routine and was
well into "refinement" and in some cases, "integration" and
renewal. At least half of the participants reported attaining
this level, although their course syllabi did not necessarily
reflect this conclusion.

Nine of the fourteen faculty participants mentioned the
length of time necessary to become comfortable with the
use of the computers. Many of those who were not experts
mentioned gaining a degree of comfort that they had not
previously had. Even those faculty who did not classify
themselves as using the computer extensively for many
things noted that it had helped them enormously in personal
productivity related to organizing their teaching. Thirteen
of the fourteen faculty involved were excited by the
possibilities that technology introduced in terms of teacher
preparation. The one remaining faculty member expressed
caution about the possible overuse of technology. When
faculty were asked what changes they thought computers
would irake if they were to be thoroughly integrated into
teacher education, there was a great deal of visible enthusi-
asm and articulation about the possibilities.

The majority of the faculty felt that the only reward they
had received for participating in the program was self-
satisfaction and/or professional development. At two
institutions, faculty felt that participation might influence
their promotion or merit pay but, almost universally, they
felt that few people in their institutions had any real idea
what they were doing with technology. Most felt that the
administrations of their respective institutions wanted more
technology in their programs but were not conscious of the
fact that the education faculty were attempting to do just
that.

Department
In order to address the question of impact on the

participating faculty and on the rest of their departments,
interviews were conducted with all the college participants
and with the 9 Department Chairs. The structured interview
covered three major areas dealing with innovation: recogni-
tion of the need to integrate technology; possible obstacles
to innovation; and those specific attributes which correlate
with the degree of innovation. Specific topics discussed
included recognition of need, resistance to innovation, and
possible correlations. The latter included: sense of power;
influence of Department Chair; concern for recruiting
students; influence of fellow faculty members; influence of
administrators; financially dependent on attracting students;
number of tenured faculty; whether Chairs are appointed or
elected; interaction between faculty; teacher evaluations;
complexity of innovation; and ability to ny innovation on a
limited basis.

In examining the change in ability to use the technology,
it was found that there was no correation between that
ability and the recognition of the need to integrate technol-
ogy, the possible obstacles to innovation, or those specific
attributes which correlate with the degree of technology.
Contrary to the research literature, there was no relationship
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between the years of experience, years that the Chair was
present, the reward system, the percent who were tenured,
or any of the other items listed. There were, however, some
statements that were repeated by many of the participants
that deserve examination. Without exception, everyone, no
matter at what level they were, mentioned lack of funds,
lack of adequate staff, and lack of adequate equipment.

Institutionalization of Change
The question of the degree of concern regarding

integration of technology throughout the full teacher
preparation curriculum of the specific schools was ad-
dressed by examining the "concern about innovation" as
defined by Hall et al. ( 1986, p.7):

0. AWARENESS
1. INFORMATIONAL
2. PERSONAL
3 . MANAGEMENT
4. CONSEQUENCE
5 . COLLABORATION
6. REFOCUSING

Transcripts of the interviews with all fifteen of the
participating faculty were examined and, for reliability,

rated independently according to Hall's categories by three
college faculty professors, one each in education, science,
and computer science. Because the scale used above is not
continuous, inter-coder reliability was calculated using the
mean difference. On a scale of 0 to 6, out of 15 interviews
9 were coded identically by all three readers. The mean
difference between the readers were 0.27, 0.33, and 0.40
resulting in an average mean difference of 0.33.

4--

3--

2

1

0

MMIMIP

An examination of the levels of concern of participants
grouped by institution shows some differences. Institutions
A, B, and C had all been recipients of other grant moneys
for hardware but not necessarily specific to the education
departments, so that they had relatively more access to
equipment. In these institutions, all of the participating
faculty had access to computers in their offices. These were
not necessarily new, or even necessarily compatible with the
computers given them to use at home for the project, but
they were available. The faculty from these colleges also
noted that supplementary instruction was readily available at
their own institutions, primarily from the college Academic
Computing areas. It is also interesting that only participants
in institutions A and B felt that the work they had done in
learning technology so that they could integrate it into their
curriculum would bring them rewards from the college
system, in the sense of having that work recognized for
promotion or tenure.

Institution A had the largest number of participants,
suggesting that the effect of training a critical number of'
faculty may enter into the eventual institutionalization.
Another difference in that institution was that all of the
interviews with faculty mentioned the fact that there was a
specific faculty member who had been responsible for
assisting them, getting a graduate assistant to help, working
with the administration to overcome obstacles, and working
with the Academic Computing group to help overcome
small problems. That individual was assigned this task of
helping to integrate technology by the college administra-
tion, and given some release time to do so.

Implications
It would seem that the mining given to the education

Level of Concern per Instrtution

Participant 1

Participant 2

Participant 3

a Participant 4

InstitutionA institution B Institution C Institution D Institution E Institution F Institution G Institution H

Figure 1. Levels of Concern
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faculty in all 9 colleges has certainly increased their
individual capabilities. It is also obvious that more time and
more training will be necessary for those who started with
less experience, to become more adept and to branch out to
new uses. Whether they will seek that training on their own,
without the release time which this project afforded, remains
to be seen. Certainly, at this time, the enthusiasm remains
high and it must be remembered that only two year has
passed since this project began.

The discussion up to this point has centered on the
individual professor but there were college-wide changes
that came about because of the focus on technology in
teacher education and the recognition that it is becoming an
important part of teaching and learning. One college used
the computer given to the participant as the focus of a new
curriculum classroom. It was primarily the fact that this
computer would be accessible to students that persuaded the
college to designate one room as the curriculum classroom.
A second college has placed a renewed emphasis on a
Master's degree in Learning Technology and is once again
examining the curriculum and management of that degree
program. Another college has included technology in their
planned building and expansion program for their education
department. There is certainly a renewed and expanded
vision of technology and education throughout the colleges
that have participated in the program.

Given the fact that funding for technology in teacher
education will remain a problem for the foreseeable future,
what can be gleaned from this project which might further
facilitate the faculty development and promote technology
integration within programs?

Faculty who are using the computers to a greater extent
mentioned easy access as very important to their own
lesson planning, even if the computers available for
office use were mostly old and outmoded and did not
match the ones given them for home use.
The ease of integration into the teacher education
program seems to be accelerated when there is one
individual assigned the responsibility for dealing with all
the necessary parties such as the administration, the
faculty, the academic computing support team, graduate
assistants, etc.
It is possible that having a critical mass of faculty
involved facilitates matters.
Training alone is not sufficient unless the college
administration also makes it evident to the faculty that
their participation is important, and will be supported
and recognized.

An examination of all the data collected suggests the
beginning of an emergent model that might be of interest to
institutions looking for a more efficient way of training
faculty to integrate technology. The model would include
the following elements:
1. Any new program attempting to change teaching should

have evident support from the administration; there is a
need for direction and purpose from the administration,

both at the University and the Department level. The
administration has the responsibility of working with the
faculty to develop an overall vision of how technology
should be incorporated. The development of that vision
can take place concurrently with initial training but
should drive the monetary outlay.

2. Given the amount of effort expended in leu:ning how to
use technology, the administration must also incorporate
some system of recognition for the faculty.

3. There must be some funding put aside to provide
computers for the faculty in their offices. Contrary to
the faculty expectations, these do not have to be "state of
the art." The initial work done by those faculty who
were just beginning was primarily word-processing and
older, rededicated machines can be used for this, as well
as for telecommunications. However, as faculty become
more proficient, part of the reward system should
include the possibility of upgrading to computers
capable of handling more sophisticated programs.

4. There needs to be a deliberate effort made to bring
together the disparate parts of the college who have an
interest in technology. In many cases in this study,
resources did exist but there was no central group that
knew of their existence. Resources can and should be
shared; a computer classroom can be shared rather than
be dedicated exclusively to every department, with the
administration taking the responsibility of creatively
scheduling classes so that more than one department has
access.

5. Fairly immediate help has to be made available and it
must be both efficient and non-threatening. Many of the
faculty spoke of the frustrations in getting any kind of
assistance and many wanted a telephone hotline at their
own colleges so they could request help and ask
questions. Again, there was often more training
available in the institutions than the faculty took
advantage of, either because they were not cognizant of
the training, because they felt it was poorly done, or
because broadening their own expertise in this area was
not a priority item since there was no reward for doing
so.

6. One individual must be given the responsibility for
coordinating change. The most successful institutions
were those where an individual felt that getting other
faculty to use technology was his or her responsibility.
In this particular project, the responsibility was focused
primarily on individual change and most institutions did
not designate any responsibility to one individual
participant. However, in the absence of a change agent,
a critical mass of department faculty who are learning
new technologies would help to promote change.

7. Finally, our informal use of the CBAM model suggests
that departments or divisions attempting to train faculty
and integrate technology will find in it a useful set of
developmental milestones for supporting faculty and
pushing the boundaries of technology's level of use until
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such time as thes.: innovations becomes part of faculty's
working environment and their way of thinking about
teaching.

he WTEG experience with 9 departments of education
further suggests that third parties, such as the Westchester
Education Coalition, can play a pivotal role in facilitating
professiolial developmental efforts designed for the needs of
teacher education programs and faculty. It also suggests
that amount of time and support that training faculty and
promoting curricular integration requires may still be greatly
underestimated by individuals and institutions alike.
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Teaching Future Teachers
to Enhance Teaching and
Learning with Technology

Amy G. Dell
Trenton State College

Anne Disdier
Trenton State College

Although it is widely recognized that effective computer
use can vastly enrich the educational process in our schools
(Behrmann, 1988; OTA, 1988; Sheingold & Hadley, 1990)
and that assistive technology has the potential to dramati-
cally improve the llves of people with disabilities (Church
and Glennen, 1992; Enders & Hall, 1990; Lewis, 1993;
and Male, 1994), many children are not yet benefiting from
the computer revolution. In many schools "computers are
out of reach or used in tragically misguided ways"
(Branscum, 1992, p. 83). As Lamar Alexander, former U.S.
Secretary of Education, has stated, American public schools
are "the last institution in society to be almost untouched by
technology" (quoted in Kondracke, 1992, p. 232).

One of the reasons computers have not yet revolution-
ized the educational process is that many teachers have not
been adequately trained in appropriate applications of
computer technology (Blackstone, 1990; Hasselbring,
1991; Niess, 1990; Panyan, Hummel, & Jackson, 1988;
OTA, 1988). Colleges and universities continue to produce
teachers who do not have the skills needed to enhance
curriculum and instruction with computer technology
(Beaver, 1992; Thomas, 1991; Turner, 1989). Although
faculty in teacher education programs are aware of this
problem (Blackhurst & MacArthur, 1986), they need help in
making the major curricular changes which technology-
integration demands.

Characteristics of Effective Technology
Training

Conventional methods of instruction in higher educa-
tion - namely, lectures and discussions - while effective for
other topics, are not adequate for establishing the level of
skill needed to implement educational technology effec-
tively (CSET, 1991). Nor is the common practice of
requiring a "computer literacy" course of all education
majors, since such courses tend to focus on the mechanics
of computer use rather than on the essential link between
technology and curriculum and instruction (Panyan, et al.,
1988; See, 1992). Turning non-computer-users into skilled
and enthusiastic computer-using teachers requires a special
kind of training, and therefore, prev.-.-rice programs need to
undergo a special kind of curriculum revision. Characteris-
tics of effective technology training and curriculum revision
are found in the literature:
1) Educational technology training needs to be integrated

into the entire teacher preparation curriculum, not taught
in isolation, so that effective technology integration is
modeled for pre-service students (Edyburn, n.d. ; Niess,
1990; Strudler, 1991; Wissick, 1992). This also
provides students with multiple opportunities to practice
their new computer skills and addresses the problem
expressed by skilled computer-using teachers that
mastering computer-based practices and approaches
takes a great deal of time (Sheingold & Hadley, 1990).

2) The training must link technology with the instructional
process and the curriculum. It must emphasize that
technology is not an end in itself but rather, it is a means
to an end which is the enhancement of teaching and
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learning. Educational technology needs to be matched
to the curriculum and tied into the principles of effective
instruction (Fazio & Polsgrove, 1989; Hacselbring,
1987; Panyan, et al., 1988; OTA, 1988; See, 1992).

3) The training needs to be hands-on (CSET, 1991;
Roseman & Brearton, 1989). Lecture/demos of "what
computers can do" are not adequate. Teachers need to
use the hardware, software and assistive devices - not
watch them being used - and become comfortable with
them. They also need to participate in supervised field
experiences that take place in practicum that use
technology effectively.

4) The training needs to be in-depth. The hands-on training
activities need to mme students from a simple aware-
ness of technology applications to higher levels of
knowledge and computer-using skills (CSET, 1991).
Teachers need to become comfortable enough v.rth
computers so that they can learn to make decisions
regarding the selection and use of hardware, software
and assistive devices based on students' individual
needs.

How to Infuse Technology into a
Teacher Education Curriculum
Step 1 - Decide What Needs to be Taught

The first task undertaken in the Trenton State College
Special Education Curriculum Enhancement Project was the
development of a list of Competencies in Instructional and
Assistive Technology, which are the skills needed for
graduates of the program to be effective technology-using
teachers (Blackhurst, 1990). Rather than being generic
skills which would apply to all educators, these competen-
cies were designed to address the particular conditions
facing special education teachers in New Jersey's schools;
they were written for classroom teachers who need to be
effective technology users, not programmers or computer
coordinators, and for teachers who need to be self-reliant
since few school districts in the state provide on-going
technical support.

The emphasis is on functional skills needed in the
classroom , not on "book knowledge." The authors believe
that there are no prerequisite skills to using a computer, and
therefore, the competencies do not include rote learning
tasks such as identifying parts of a computer or defining
technology terms. The vocabulary will come later, after
students have actually used computers, after they have been
captivated by the magic.

The focus of the competencies is on people, on making
decisions about people's use of t::chnology, not on the
razzle daiile of the devices themselves. The ultimate goal
of technology training is to.have teachers who are able to
determine the match between students' curricular needs and
the technology options, and to link the use of technology
with effective teaching practices, (CSET, 1991;
Hasselbring, 1987; Panyan, et al., 1988; OTA, 1988). The
competencies emphasize the role of the teacher as a
collaborator with parents and related services personnel in
the selection and integration of technology (Church and

Glennen, 1992), and the need for teachers to be aware of
and to seek out a wide range of resources since they need to
function fairly independently in their classrooms (Sheingold
& Hadley, 1990).

The list of competencies at Trenton State College stems
from a review of the literature, a review of other published
competencies (e.g., Blackhurst, 1990) and anecdotal reports
of practices that have been effective (and ineffective) in the
field. To validate the list, a survey was sent to 40 teachers,
parents, and technology trainers who are actively involved
in using instructional and assistive tecirnology. They were
asked to respond to each competency using the following
matrix: (+Very Useful, definitely needed, (U)=Useful but
not essential, (-)=Not Useful, recommend changing or
removing. In addition, they were asked to add any skills
which they feel were missing from the initial list. When all
of the validation surveys were returned, the suggestions of
the experts were incorporated into the final list of competen-
cies. The competenciss are divided into six clusters: 1)
enhance curriculum and instruction of individuals with
disabilities through appropriate use of computer-based
instruction, 2) make a computer accessible to individuals
who have physical, sensory, perceptual, and/or attention
disabilities, 3) enhance the communication abilities of
individuals who have disabilities which interfere with
effective communication through the appropriate use of
augmentative communication systems, 4)use simple
technology to increase the independence, participation, and
inclusion of students with severe disabilities, 5) follow
through on plans for integrating instructional and assistive
technology in the classroom by identifying areas of need
and taking appropriate action, and 6) enhance the comple-
tion of non-instructional professional responsibilities
through the appropriate use of computers.

One problem with developing this competencies list is
that the field of instructional and assistive technology
changes so rapidly that a major revision of the initial list
was needed only three years after it was developed (This
revised list is now undergoing the validation process
described above.) This is unavoidable, however, if the list
of skills is to be detailed enough to lead to meaningful
instructional activities, of the pitfalls of technology that
just has to be acknowledged and dealt with.

Step 2 - Develop a Plan for Infusion
Once a list of educational technology skills has been

developed, they must be matched to existing courses. A
second list needs to be made - that of all the courses which
are required of education majors in the order in which they
are taken. The two lists then need to be placed side and side
and questions need to be asked: Which competencies are
relevant to which courses? Is there any essential sequence
to teaching any of the competencies? How much additional
material can a course accommodate? Which faculty are
most interested in adding a technology component to their
courses? The prncess of matching competencies to courses
is much like completing a jigsaw puzzle; one tries a few
arrangements, sa,:es those that fit, and discards those that do
not fit well. After a few tries (and some debate) a system-
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atic plan will emerge which distributes the priority technol-
ogy topics across courses. The resulfing document, called
the Plan for Infus:on, serves as a blueprint for the entire
curriculum revision process.

For example, at Trenton State College (TSC) it was
decided to infuse the competency cluster "Make a computer
accessible to individuals who have physical disabilities and/
or sensory impairments" into a required course taught
second semester junior year called Nature/Needs of
Students with Multiple Disabilities. This course already
dealt with adapting teaching materials for students who
could not see well or hold a pencil, so it was not much of a
stretch to add a unit on adaptive inputs and outputs for
computers. These competencies are highly relevant for this
course, and the course is offered late enough in the program
so that students will have been introduced to computer-
assisted instruction in previous courses. Similarly, the topic
Data Collection and Analysis fits well into a course on
Behavior Management, and Facilitating Writing with
Computers fits perfectly into the course Nature/Needs of
Students with Learning Disabilities.

No two Plans for Infusion will be exactly the same
because every teacher education program has its own
idiosyncrasies. For example, in the special education
program at TSC, using drill and practice software as a
method of review is introduced in a course on Remedial
Reading. 'Ibis is because this course is taught early in the
program (sophomore year) and because most drill and
practice programs which focus on reading skills are
relatively easy to use. The following semester when special
education majors take Curriculum and Methods for Teach-
ing Individuals with Disabilities, they are ready to tackle
more complicated topics, and the competency cluster,
"evaluate and select software which is appropriate to the
curriculum and to students' individual needs," has been
infused into that course. Since the previous course focused
on reading software, the curriculum course emphasizes
software to teach other subjects.

Step 3 - Develop Training Activities
In order to "insert" the technology topics into the

selected courses, a series of Technology Training Modules
need to be developed. The Technology Training Modules
are detailed lesson plans for the infusion of the technology
topics into existing coursework. The amount of detail is
important because the goal is to produce modules which can
be used by whomever is teaching the course. The earliest
models of effective technology modules were developed by
COMPUTE (Coalition of Organizations in Michigan to
Promote the Use of Technology in Special Education, n.d.)
and FDLRStrech (part of Florida's teacher resource centers
network, 1989), but both of these training packages were
designed as stand-alone in-service materials and cannot be
easily adapted for pre-service programs.

An outline for preservice Technology Training Modules
was developed and revised at Trenton State College. Key
components include a list of the competencies addressed, a
rationale for the topic, detailed suggestions for class
activities, and instruments for evaluating both student

performance and the modules themselves. The premier
feature of each module is the hands-on activities which
emphasize collaboration, decision-making, and the critical
relationship between technology use and effective instnic-
tion. The hands-on activity can be an in-class workshop
and/or an out-of-class assignment; it varies depending on
the course, the topic, and the equipment needed. The
guiding principle is that the hands-on experience engages
the students, captivates them, and does not allow them to
hide behind passive note-taking.

Sample Technology Module. For example, a module
on Access to Computers which was developed for the
course Natutr/Needs of Students with Multiple Disabilities,
features a hands-on round-robin activity. Six to eight
computer stations are set up, each equipped with different
assistive devices. Adapted inputs used include IntelliKeys
(an expanded keyboard), the Touch Window, the Muppet
Keys, a keyguard with headpointer, a single switch with an
interface set for scanning, two switches with an interface set
for Morse Code, and Voice Navigator. Mapted outputs
used are large fonts and synthesized speech. Working in
pairs or small groups, students proceed from one station to
another, exploring the adaptive inputs and outputs, discover-
ing their special characteristics, and discussing who is likely
to benefit from their use. Written instructions are provided
next to each station to decrease technical problems and
increase student independence, and at least one graduate
assistant is enlisted to help when technical problems arise.

Resources. Since the field of computer technology
changes so rapidly and, as a general rule, equipment is
expensive, it is difficult to keep a program's resources
completely up-to-date. Therefore, an important feature of
technology integration initiatives is to establish close
working relationships with schools and/or non-profit
organizations in the state who are willing to share their
collection of hardware, software, peripherals, and assistive
devices with a teacher education program. Most states have
a computer resource center that is part of the Alliance for
Technology Access (ATA), that may be willing to loan
software and assistive devices for the purpose of training
activities (especially if the lending works both ways).

A second helpful resource is an Advisory Committee.
Consisting of teachers and parents who have been using
technology in exemplary ways, an Advisory Committee can
provide input from the field on the most current uses of
instructional and assistive technology, problems in imple-
mentation, and training needs. In the authors' experience,
computer-using teachers and parents are pleased to see a
teacher education program provide technology training and
therefore are willing to help. This interest is leading TSC
toward having parents guest lecture as part of the Technol-
ogy Training Modules; the parents have agreed to tell their
stories in classes so that teachers will understand the very
personal impact technology can have on children with
disabilities.

A third helpful resource is practicum sites which use
instructional and assistive technology in exemplary ways.
The Advisory Committee is a good place to start identifying
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these sites. It is essential that cooperating teachers hold a
special interest in using computers to enhance curriculum
and instruction. While many such teachers exist, it is
difficult finding the large number needed to accommodate
all the students enrolled in practica.

Additional Learning Opportunity
An extracurricular activity which has enriched many

students' technology experiences at TSC is the student
magazine TECH-NJ (Technology, Educators, and CHildren
with disabilities-New Jersey). This 20 page publication is
written primarily by students in special education with
contributions from faculty and students from other disci-
plines. It is designed to provide students with additional
training opportunities while serving as a resource for
computer-using teachers and parents in the region. Each
issue contains software reviews, profiles of area programs
which demonstrate best practices in computer integration,
and at least one "Personal View" article that highlights the
impact computer technology has had on a person with
disabilities.

Benefits of TECH-NJ Activity
By visiting classrooms that use technology and by

interviewing users personally, the student writers gain
additional in-depth experience with instructional and
assistive technology which cannot be matched in the college
classroom. The students meet and witness children and
teachers confronting real problems and finding realistic
solutions that work.

One further benefit from the TECH-NJ activity is that
the publication forges connections between the TSC teacher
education program and area schools which use educational
technology in exemplary ways. This is one way to expand
the list of appropriate practicurn sites for students.

Looking Ahead
A promising development at TSC is that recent gradu-

ates of the special education program who are securing
teaching positions in local school districts are quickly being
recognized for their expertise in educational technology.
Perhaps these new teachers will show by their example the
value of educational technology. Perhaps they will succeed
in capturing the interest of their colleagues and will then be
in a position to teach them how they too can enhance
teaching and learning with technology.
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Preparing Preservice
Teachers to Use

Information Technology for
Classroom Management
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The large variety of information technology systems
available today can help educators accomplish classroom
management tasks more efficiently and effectively. This
paper describes how early elementary preservice teachers
can discover and use different types of information technol-
ogy to accomplish classroom management responsibilities.
Descriptions are given for the use of software programs in
eight different areas of classroom management. Software is
demonstrated and discussed. Hardware questions are
addressed. Information is presented under the umbrella of
two clinical experience workshops. One workshop investi-
gates the use of multimedia and the other workshop
examines the use and selection of shareware.

When technology and education are mentioned, there is
usually a discussion on how information technology will or
should change the way students learn. Some educators
envision the use of technology in the context of the 20th and
21st century American school system. This vision includes
the use of information technology in all aspects of school
life, including the management of the learning environment.
Management consultant Levinson (1990) writes of school
scenarios that include computer work stations where
teachers can "customize instruction, maintain contact with
parents, and handle administrative chores" (p. 121).
Similarly, director of the Institute for the Transfer of
Technology to Education, Mecklenburger, (1990) points out
that "with the right devices and software, a teacher (or a
schoolful of teachers) can better organize clerical work and
increase the time available for planning learning, and
teaching" (p.106). Ti..e images produced by these two
authors include the .nanagement as well as the instructional
responsibilities ci teachers. The implication of these
perceptions is zlear teachers in modern learning environ-
ments must be prepared to know about technologies that can
assist with instructional as well as managerial responsibili-
ties.

Much of the responsibility of preparing preservice
teachers for the demands of modern schools is undertaken
by teacher education programs. Presently, teacher educa-
tion programs are trying to present technology information
and to develop technology exptriences that will best meet
the preparation needs of the preservice teacher. How much
and what type of technology training are questions that still
must be answered.

Teacher educator Harrington (1993) perceives that
"numerous educators think that preparing teachers to use
technology effectively should be a significant goal of
teacher education programs...." (p.5). This author also
raises questions about how preservice teachers are prepared
to use technology in the learning process. It is relevant to
address the same concern about how preservice teachers are
prepared to use technology for classroom management
purposes when implementing technology training into a
preservice teacher education program. Classroom manage-
ment tasks must be defined and information technologies to
address these tasks must be carefully chosen.

The following is a description of two clinical workshop
experiences designed to help early elementary preservice
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teachers discover and use various types of information
technology to accomplish classroom management responsi-
bilities. These responsibilities inchki,1: (a) comrnunica-
tions, (b) record keeping, (c) lesson planning, (d) project
management, (e) curriculum development, (f) professional
development, (g) room decoration and organization, and (h)
developing learning center materials.

Program Description
Two clinical workshop experiences were developed for

preservice teachers enrolled in a senior level, early elemen-
tary (K-4), classroom management course at Eastern
Kentucky University. Students in this teacher education
program must demonstrate competence in word processing,
database, and spreadsheet usage by completing a prescribed
course of instruction or a college developed test at a
proficient level. Therefore, the purpose of these workshops
are focused on providing students with experiences that
supplement the mandated competencies as well as demon-
strate how information technology can directly assist in
classroom management duties.

These workshops were designed to accommodate time
and equipment limitations; information is presented in a
very compact and simple format. The hardware and
software chosen for these experiences represent those
systems and programs that are inexpensive, easily used, and
that are commonly found in classrooms. Software is
demonstrated, classroom management applications are
discussed, and points of interest about hardware require-
ments are addressed.

Using Multimedia
A fun way to start this clinical experience is to play an

audio compact disc by usiag a CD-ROM disc player.
Students are very surpased that some of their favorite music
can be produced by a personal computer. It is necessary to
explain thai hardware peripherals and adaptations are
needed in order to enable the computer to execute multime-
dia programs. Details about types of CD-ROM disc players,
speakers, video cards, audio cards, and the use of head
phones are discussed. Students often conclude that the use
of an audio disc can serve as a transition cueing mechanism
or as part of an integrated learning activity.

Playing the audio disc acts as a springboard for discus-
sion on how the use of CD-ROM multimedia programs can
assist in the management of a classroom. It is explained that
many educators recognize the interactive nature of multime-
dia programs as supporting a more authentic learning
environment (O'Neil, 1993). Demonstrations are given of
interactive story and encyclopedia programs. Students
observe how the user can electronically control information
that includes text, video, and sound. Such programs can
greatly assist in the development of meaningful learning
centers and in the planning of integrated thematic units.
Some multimedia programs can record responses or student
work, assisting the teacher in analyzing the progress of each
student.

Other types of CD-ROM programs can be discussed or
demonstrated to represent a wide range of practical applica-

4

tions. These types include: (a) atlases for reference and
professional development, (b) games and simulations for
learning and practice activities, (c) time tables of history for
unit and lesson planning, (d) sound libraries for unit and
curriculum development, (e) graphics for communications
and room decorations, and (f) reference information
programs for professional development.

Using and Selecting Shareware
A laboratory with at least one computer per two students

is needed for this clinical experience. Students are given a
variety of shareware programs and a review guide. Work-
ing in partner groups, stuck nts are given several programs,
asked to review them, and then share the results of the
reviews with the rest of the class. At least 20 different
shareware programs are used for this experience. These
programs address the following classroom management
tasks: (a) record keeping, (b) written and graphic communi-
cation, (c) learning center materials, (d) daily news informa-
tion, (e) project management, (f) lesson planning, and (g)
room decorations. The software programs are passed from
group to group as they are reviewed.

The review instrument contains questions about
software publication information, registration procedures,
menu data, hardware specifications, and classification of
classroom management tasks. Based on this review
information, students are asked to determine if the program
would be recommended for use in an early elementary
classroom. After reviewing several programs, the students
share information, recommendations, and reasons used for
determining the recommendations.

Activities and discussion during this clinical experience
address four major purposes. The fust purpose is to help
students experience a wide variety of types of programs.
Hopefully the students can begin to understand that a vast
amount of software is available for use in the education
profession. A discussion about copyrights, public domain,
and shareware addresses the second purpose of this clinical
experience. It is necessary for preservice teachers to learn
about legal and ethical issues relative to the use of software.
The third purpose is to assist preservice teachers in develop-
ing practical review habits. It is often necessary for teachers
to first carefully review software programs before recom-
mending them for adoption. The fourth purpose of this
workshop is to alert the students to recognize hardware
requirements. Some of the programs require peripherals
such as a mouse, a CD-ROM player, a VGA monitor, a
specific type of printer, etc. Students should become aware
that many times hardware specifications determine the
compatibility of a program to the system.

Conclusion
As teacher education programs prepare students to

become classroom teachers, careful planning must be done
to select appropriate experiences in the area of technology
training. If classroom management tasks are to be ad-
dressed, definitions of these tasks should be made and
technology experiences should be chosen that best match
the needs of the students. Practice in using, reviewing, and
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making decisions should be incorporated into clinical
experiences. A variety of software and hardware should be
an important part of these experiences in order to present a
spectrum of possibilities for possible use in the classroom.

Although multimedia and shareware were featured in
these two clinical workshops, the emphasis was placed on
having experiences with varied types of software, discus-
sions that link these experiences directly to fulfillment of
classroom management tasks, and awareness of hardware
questions or concerns. For those students who had already
acquired some computer proficiency, these workshops
experiences led to discovering how to use technology for
classroom management. For those students with little or no
experience working with computers, these workshops were
almost overwhelming. Software applications were easily
understood but discussions about hardware specifications
were perceived as "techno-babble". Therefore, careful
planning must be done to arrange technology experiences in
a manner in which all students can participate. No matter
what level of computer expertise a student may have, the
effective and efficient use of information technology for
classroom management purposes can and should be
obtained.
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Developing Technological
Skills and Applications

with Social Studies
Preservice Students

Richard A. Diem
The University of Texas at San

Antonio

The ways in which we prepare teachers are rapidly and
fundamentally changing in both structure and instruction.
Many of these changes are rooted in new ways of generat-
ing, storing, communicating, and using information. As we
shift from the Industrial Age to the Information Age, new
training paradigms are emerging. In part, this means that
those of us involved with the preparation of teachers will
have to engage in develnping information acquisition skills
more and more of the time.

Computer and communications technologies are the
dramatic and visible signs of this revolution. Thus, these
technologies have become the focus for many educators
seeking to adapt schools to this new age. Increasingly,
parents, teachers,and children believe that by learning about
computers and technology and by learning how to use
computers, they will be better prepared to survive and to
enjoy economic well-being in the changing world.

Information technology offers new opportunities for
children and their teachers to be creative, to throw off the
drudgery of the old curriculum, to invent new ideas and new
means of expression, and to tackle more interesting and
complex problems.

Using Computers in the Social Studies
Classroom

Within the broad context of social studies preservice
teacher preparation programs, computer technology has
become an important component in providing perspective
educators an avenue for learning how to:

develop a sense of social responsibility for their students
strengthen student decision-making skills
provide a venue to teach information retrieval skills
increase student understanding of the impact of technol-
ogy, bothhistorically and in the future

Teaching these concepts through the use of simulations,
role playing, garnes, or using data bases on computers is not
only feasible, but it can be ongoing.

Although learning from computers is useful in social
studies, perhaps the most interesting and valuable use of
computers as an instructional tool is in learning with
computers. Learning with computers involves simulations
and problem solving. Simulations model either hypothetical
or real events,and can be either structured or unstructured in
the decision outcome. Problem solving involves using
computers to store, retrieve, and analyze data. The heart of
learning with computers for problem solving consists of
managing information. This can be done by using software
that files information, employing word processing pro-
grams, and making use of data bases.

Example-Election Projection
During a recent presidential election, a preservice social

studies methods class became interested in developing an
instructional unit that would teach high school government
students how pollsters develop and use polling techniques to
project election outcomes. Using a multimedia platform
that included a computer, CD-ROM and laser disk players,
not only was the class able to simulate how groups do their
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polling, but it was also able to project the outcome of the
local election accurately.

First, the studelts developed a series of questions to ask
potential respondents. They were gleaned from items used
by newspaper and magazine polls. Next, they diviued the
city into tracts, using data from the most recent census.
Teams were assigned to certain blocks. Households were
then selected to be interviewed by teams of students. These
interviews were videotaped and later integrated within the
multimedia presentation.

While this was taking place, other students were
assigned the task of writing a computer program that would
use the data being collected to project the sample onto the
city as a whole. Working in groups, they were able to
complete the task.

In this project, the computer was used as an analog to
ongoing classroom activities. It served as an information
storehouse, a data analyzer, and an arbiter of decisions.
More importantly, it acted as a mechanism for solving a
problem.

This example shows the potential for using computers in
social studies classrooms. For the first time, teachers can
use all types of original databases, from voting records to
list of historical battles, within their classrooms. Besides
performing higher cognitive functions, the computer can
also help in teaching geographical place-names, group
skills, and basic factual information.

Social Technology Issues
Besides using technology in a traditional instructional

manner, preservice social studies teachers need to learn how
to incorporate the moral and ethical issues surrounding the
use of computers and the information generated by them.
Within this context, social studies classroom will have a
large role to play. The values and attitudes needed to cope
with the so-called "information explosion" will determine
how we educate our society about computers and whether or
not we Manage this technology properly.

Many social studies classes already discuss the nature of
privacy in society. This type of discussion will become
more relevant as information about us and our personal
affairs is stored in computer files. Who has the right to this
data? Can individuals or the government collect items about
us without our knowledge? How will the computer change
our lifestyles? These kinds of queries need to be examine
within social studies classrooms.

Below are examples, by gyade level, of ways that
preservice teachers might take information about computers
and technology and integrate it throughout the social studies

curriculum:

Kinder: Become aware of the existence of computers in
homes and schools.

Grade I: Learn about the actual uses of computers in
homes and school settings. Study the influence of
computers on family and school life and compare with
family and school life in earlier times. The ethical issues

at this level involve consideration of others' rights to use

computers.

201.

Grade 2: Learn about the uses of computers in the
community, such as in stores and in banks. The ethical
issues at this level involve respect for laws which protect
people from computer abuse.

Grade 3: Learn about the uses of computers in govern-
ment and business or industry. The ethical issues at this
level involve respect for individual privacy and laws
which protect people from computer abuse.

Grade 4: Learn about the uses of computers in other
nations. Again, the ethical issues at this level involve
respect for individual privacy and laws which protect
people from computer abuse.

Grade 5: Learn about the history of computers as part of
the industrial/information revolution. The ethical issues
related to individual rights to privacy might be dis-
cussed.

Grade 6: Learn ab,..1 the history of computers as part of
the industrial/information revolution in the world. The
ethical issues related to rights to freedom and civil
liberties are useful examples.

Grade 7: Learn about the economic impact the computer
and technology industry has had in one's state.

Grade 8/9: Learn about the development of technology
throughout the history of the United States.

Grade 10: Learn about the information revolution as a
world-wide phenomena.

Grade 11/12: Learn about the economic and governmental
changes brought about by the mid-twentieth century
microtechnology revolution.

Preservice teachers need to be shown that technology
can serve as an educational tool useful to both teacher and
student. The combination of technology and teacher
interaction can provide a diverse learning environment than
will not only deliver instruction in a eclectic format, but
provide students with a window to how technology is, and
will continue to, affect their lifestyles.

Richard A. Diem is a Professor of Education, Division of
Education, The University of Texas at San Antonio, San
Antonio, 7X 78249 e-mail: diem@lonestar.UTSA.edu.
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Logo, Fifth Graders, and

Preservice Education

Patricia S. Ernest
University of Montevallo

Virginia W. Roy
University of Montevallo

What do fifth graders, Logo, preservice teachers, and
problem-solving have in common? On any given Wednes-
day morning from September through May, they all may be
found in the College of Education Microcomputer Labora-
tory at the University of Montevallo in central Alabama.
What began as a service project to supplement the local
elementary school's computer literacy effoits in 1983 has
evolved into an integral curricular component in the fifth
grade mathematics program and a credit course in technol-
ogy for preservice education students involving two or three
university faculty members.

This collaborative microcomputer literacy experience
was formulated by the University of Montevallo and the
Montevallo Elementary School of the Shelby County,
Alabama, Schools. Collaboration implies discrete units
working together in an educational endeavor, and the
importance attributed to such a public school/university
partnership has been affirmed by national professional
organizations such as the American Association of Colleges
for Teacher Education (Ashton, 1992). Potential benefits
for teacher education include a shared sense of purpose and
new structures for reflective evaluation. Support for the
reflective teaching model spans pedagogical theory from
Dewey (1904; 1933) to the present (Pultorak, 1993).
According to Shulman (1986), the transformation of subject
matter for teaching occurs as the teacher critically reflects
on and interprets the subject matter. The Montevallo
collaborative program incorporates this model by placing
the preservice students in a position to observe; assist with
teaching; and then, through weekly journal entries, to reflect
on the teaching/learning process.

Along with their teachers, fifth grade students walk to
the Microcomputer Laboratory where they are instructed in
the Logo language by College of Education faculty. The
preservice students observe, assist, and teach the children.
This situation allows the preservice teachers to interact with
the children and the inservice teachers, as well as the
computer. The preservice course content includes other
components of computer-assisted instruction (CAI) and
computer-managed instruction (CMI) with an emphasis on
Logo and its impact on the cognition, problem-solving
ability, and social interaction of the fifth graders.

Effectiveness of Logo
The fifth grade instruction utilizes LogoWriter software

based on the Logo computer language developed in the
1970s at MIT by Seymour Papert and others. Logo utilizes
turtle geometry, mathematics designed for exploration.
Turtle geometry is computational, using a dynamic "turtle"
which has a heading and accepts typed commands, a
different style from Euclidian or Descartian (Papert, 1980).
According to Papert, all children are capable complex
thinking and problem solving if they are pro fided with
appropriate vehicles, and he identified Logo as such a
vehicle. Logo was designed to offer students flexibility in
approaching, attacking, solving, and drawing conclusions
from given problems. Additionally, Logo can pi ovide
students with the opportunity to make abstract concepts
concrete. In seeking means to assist students with the
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transfer of problem solving skills, Martin and Hearne (1990)
analyzed Papert's Logo principles as the following strate-
gies: a) breaking problems into manageable subproblems;
b) systematic planning of actions to achieve goals, or
means-end analysis; c) "debugging," the process of succes-
sively revising solutions; and d) developing a more positive
attitude toward errors and their corrections.

The ability of Logo to improve students' thinking and
learning has been extensively investigated and the results of
these studies have bent considered in the development of
the Montevallo program. The focus of the Logo instruction
is problem solving. Tne activities on the computer provide
the students with the basic primitives needed to create
designs, with attention to principles in their geomeny
curriculum. However, they also are encouraged and
allowed time to explore and develop new designs and to
correct and debug their procedures rather than "clearing
graphics" without analysis of the problem.

A research project at Iona College suggested that
through Logo experiences students learn to analyze and
segment problems and create solutions logically. As
procedures are developed, students organize sequentially,
consider different perspectives, and modify their ideas based
on their own evaluation (Allocco et aL, 1992). Results of
studies at Kent State University supported the theory that
Logo helps students construct more abstract and coherent
concepts. The technology which permits interaction with
Logo allows students to manipulate ideas and reflect on
them to construct their own personalized concepts (Battista
& Clements, 1990).

Ernest and Rohtn (1985) investigated the implications of
Logo on the problem-solving ability and geometry achieve-
ment of seventy-six public school fifth grade students. The
Social Sciences Piagetian Inventory (SSPI) was utilized to
assess problem solving, and a researcher-developed
instrument measured geometry achievement. The control
gyoup received CAI and the experimental group received
Logo instruction in the same location for the same time
period. The results indicated that Logo instruction seem-
ingly is an effective means to increase achievement on
selected geometry tasks and may improve actual progres-
sion from one stage of cognitive development to another.

Nastasi, Clements, and Battista (1990) found that in
comparing Logo instruction and CAI of fourth and sixth
graders, the Logo instruction caused greater need for
collaborative decision-making, enhancing the development
of problem-solving skills. The social interchange of the
children centered on the resolution of cognitive conflict.
Due to the less structured and more discovery-oriented
nature of the Logo exercises, the Logo environment is
conducive to social interaction among peers. The study also
indicated that the Logo sample students "evinced signifi-
cantly more expressions of pleasure" (p. 157) related to the
results of their Logo work.

Program Description
These and other research studies support the use of Logo

in the University of Montevallo program. Initially, students
gain knowledge of the functions of the hardware and means

of control of the system, including memory, peripherals, and
input and output devices. Skill in the operation of the
system is mastered. Logo instruction utilizes the turtle
graphics function as guided discovery techniques are
implemented to allow the students to learn the turtle's
capabilities. After structured procedures are learned,
creative exploration is encouraged to enhance the students'
problem solving/critical thinking skills. On alternate
instructional days, students are involved in reinforcement
activities such as calculator exercises, art lessons, journal
writing, simulations, and other hands-on activities organized
in a center format. Activities in the center include journal
questions that cause the fifth graders to "reflect on what they
doing," a technique supported by Ar xco et al. (1992).

The design and purpose of the pins used with the fifth
graders at the University of Montevallo seem consistent
with the instruction eirected by Clements and Battista
(1990). In both situations, the students are directed to
analyze the properties of the geometric shapes, to discover
how the components are put together to form the shape, and
to identify similar properties. For example, in the
Montevallo program, rather than providing the students with
the commands to create a square, they are given time to
create one on the screen themselves. Discussion follows
which allows them to discover the pattern and the similarity
of the properties of each side and turn. After this analysis,
they are given the mechanics to write the commands as a
procedure. Teaching procedure creation in this manner
encourages the students to make connections between the
commands in the procedure and the corresponding drawings
of the shape created by the procedure.

Fifth Grade Lesson Plans
An important component of each lesson is presenting the

students with a challenge, ranging from discovering the
measure of the width and length of the screen in turtle units
(Clements and Battista, 1990) to determining the creation
and placement of shapes for "original art designs." The
Montevallo approach includes the creation of an environ-
ment supported by the review of research by Allocco et al.
(1992) of giving the students choices, creating a helpful
environment, turning mistakes into opportunities for
exploration and learning, and encouraging cooperative
learning. For example, the computer instruction, Individual
Art Work (which is available from the authors), is designed
as the ninth session in the instructional sequence and
includes: topic, objectives, activities, resourtts, and
evaluation (journal questions for the preservice students).
This plan illustrates the independence encouraged for the
fifth graders after they have been exposed to and experi-
mented with some of the basic commands for eight weeks.

The reinforcement center component of the lesson plan.
As the Turtle Turns, which is available from the authors,
reveals activities which reinforce and extend concepts
presented in the computer lessons. Taylor (1991) confirmed
the utilization of this process as a means of assisting
students in making connections. The discussion and
"processing" of the computer activities provide a reason as
well as facilitating mathematical connections between the

Pre:en/ice Teacher Education 189



geometric concepts of Logo and their applications. Care is
taken to assist the students in making connections between
their Logo activities and the mathematical topics found in
the curriculum. This center plan was developed coopera-
tively with one of the fifth grade teachers to insure direct
transfer of skills.

Preservice Reflective Evalualion
The preservice students are guided in their observation

and reflective evaluation of the fifth graders' cognitive
processing during the instructional period by the rovision
of "leading questions" in the "Evaluation" section of each
plan prior to the fifth graders' class. The questions are
provided before the class instruction to focus the observa-
tion during the lesson. The questions each week are
designed to assist the preservice education students to
observe the fifth graders' comprehension, participation,
reaction to the technology and lesson content, response to
errors, and interaction with the teachers and peers. The
students have two days in which to complete their journal
entries, which allows time for reflection. When the journals
are returned the following class period, the professor
highlights in-depth responses for discussion and allows time
for oral input and questions about the fifth graders' re-
sponses.

Examples of the questions from one lesson are presented
below:

Lesson 1: Introduction to LogoWriter: Computer
Instruction

Activities include body simulation of turtle moves,
introduction of basic move and turn commands, individual
exploration of use of commands, and individual creation of
a square with large group discussion.
I. Can students boot LogoWriter without difficulty?
2. Can stuckits control the turtle with the stated com-

mands?
3. Can students determine the directions and number of

units to create designs?
4. What commands do students utilize when given time to

explore?
5. What are students' reactions to the turtle and the lesson?

Lesson 1: Introduction to LogoWriter: Center
Instruction

Activities include large group orientation to Logo
concept and turtle commands with robot simulation, review
of commands with "Concentration" game, keyboard review,
and journal entries on previous experiences with computers.
1. Were students able to specify instructions to the

"imaginary robot"?
2. How well did the students learn the LogoWriter

commands?
3. How did the students respond to the journal writing?

What were their initial thoughts about experiences with
computers?

4. How did the students respond to the days' activities?
Were they active participants?

Review and analysis of the preservice students re-
sponses to these "leading questions" reveals that intense
observation and reflection are occurring. In response to
limited journal entries by her fifth graders, one decided to
ask them how they figured things out in their heads. The
ensuing discussion lead her to asse, s that they "understand
better if they figure out things physically." During another
component of the lesson when the students were having
difficulty decoding a Logo message, she described her
modification of the plan to assist them. Recognizing their
difficulty in making the transfer to the abstract verbal
symbols, she used the top of her pen as the nude so they
could visualize the turns. In response to the paper art
activity in a center lesson and the design on the computer,
one preservice teacher observed some confusion but
assessed that both students seemed to be kinesthetic learners
who learn better with "hands-on" experiences. One teacher
was exuberant in her journal entry after a reluctant fifth
grader got up and moved her body by her choice for the first
time to figure out the correct Logo commands. Other
students observed the marmer in which the children
approached errors: they were beginning to quickly correct
their bugs rather than depending on the teacher to provide
the revision. In woriCmg with a child who was having
difficulty comprehending the connections between a center
activity and a computer activity, the student recognized the
benefit for the fifth grader to observe that her teacher made
mistalces and how she corrected them. The preservice
students' reflective evaluations might best be summarized
by the entry of one student who observed her children's
surprise and delight at their success in identifying and
estimating the angles in the Turns lesson. She reflected, "I
think this proves the theory that computer programs like
Logo can very effectively teach skills while also providing
enjoyment to students."

Implications for Technology and
Teacher Education

From the literature reviewed and the experiences in the
Montevallo initiative, the consensus seems to be that the
computer should be used as a "tt.ol" of instruction and that
mastery of the computer should k.e a goal of teacher
education. Integration of technology into the curriculum
can be accomplished only when the teachers have internal-
ized its use and value. The impact of Logo or any other
technological application is determined by free access to the
computer and proper teacher intervention. Through
collaboration with local schools, universities with strong
technology components in their teacher education programs
can both provide that access for elementary students and
enrich the preparation of preservice teachers.
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Students with a varied range of technology skills enter
preservice education classes. Some have completed college
coursework introducing technology, some work with
technology in their employment, some have attended
technologically-rich high schools, and some have the
personal resources to acquire their own computer technol-
ogy for use. The majority, however, have not had in-depth
exposure or access to technology, have not developed an
awareness of the wide possibilities technology has to offer
them personally, and have had little hands-on experience
with technological tools that are currently available. A goal
in teacher education is to advance preservice teachers'
knowledge of technology so that they can access
technology's power for their own use and can use this
knowledge and experience to teach their future students. At
the same time, advances in hardware platfbrms and software
programs require faculty to simultaneously develop their
own skills in technology while using it in the classroom.

The preservice teachers involved in this activity were
enrolled in three sections of the course entitled Methods and
Materials for Developmental Reading. Preliminary class
discussions indicated a wide range in students' knowledge
and personal use of technology for their own purposes.
Initial instruction included informal introduction to the use
of the on-line library catalog, which modeled the use of a
database as a tool. A survey (Appendix A) was used to
explored students' background knowledge. Results
indicated the studems' need for additional opportunities to
apply technology skills and to further personalize their use.

In an effort to increase student knowledge, provide
direct practice, and increase motivation for technology use,
the activity was planned to address several areas: relevant
class content, personal value, and future possibilities
thinking.

As a part of this particular course, students gather
resources to prepare presentations on storytelling as an art
and instructional form. Many of the students are commuters
and must make efficient use of resources during their time
on campus. If students were to work collaboratively on
creating and establishing a resource database of storytelling
sources, several purposes would be served: 1) students
would participate in the creation of a tool to serve their
personal needs; 2) students would have access to many
more stories and guides than they could easily find individu-
ally; 3) students would learn the process of creating and
using a database with hands-on opportunities for practice
and advancement of their skills in using technology; and 4)
the process would model possibility thinking for the
students.

Their classroom resembled many typical college
classrooms in that it did not contain a computer for their
immediate use. Temporary use of a portable computer or
laptop made it possible to bring the technology to the
students conveniently and encouraged thoughtful discussion
of visions of future use in their own classrooms. Students
could see that teachers in a room devoid of computers
would not be limited by a lack of immediate access. We
could arrange for the technology to come to them, just as
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they could arrange for technology to come to their students
in the future.

Setting Goals
Goals for the reading class and for !chnology skill

advancement needed to be examined an set prior to
initiating the activity. The additional technology skills
content needed to complement but not supplant content
related to previously established course objectives. As a
part of this course, students study the value, art, and
advantages of storytelling for their own use and to teach to
others. This content would be enhanced by the use of a
database to consolidate resources.

The technology skill goal was to increase background
experience with databases and computer use. This knowl-
edge will increase the likelihood of greater awareness of and
sensitivity to computer and database use in everyday
activities.

The goals for course content were coordinated with the
goals for increasing technology skills by having students
plan a creative, collaborative design of a database for
resources being acquired for storytelling reference. The
same database will serve as a useful base for the next
university class to expand.

Background Survey Indications
A survey was administered to determine prior experi-

ence with databases and with laptop portable computers.
Three preservice classes (97 students) participated in the

survey. (See Appendix A for a condensed list of questions
asked.) Sophomores through post-graduates were enrolled.
Ages ranged from 18-44.

Platform Used. Only 4% of the class considered
themselves non-computer users; 35% reported that they
could use more than one platform.

Computer Classes. Most students had taken at least
one course as an introduction to computer ine. Successful
completion of the computer course is a prerequisite of the
education program. A few students had taken this course at
a different institution. Some students reported additional
high-school cours.ts in computers. One student reported a
class taken in junior ltigh. Others had completed computer
classes at work or in other environments.

Where Computer is Used. 45% of the students use
computers at home; 33% at home; and 18% at work.

Software Used. When asked which software they used,
students in the three classes named 37 different software
packages. 80 students reported having created a spread-
sheet, yet only 34 reported having created a database. In
fact, 26 % of the students reported not knowing what a
datablse was, even though for class students had used
databases in the library and undoubtedly many had used
databases in other environments. Although databases are
usually covered in the introductory computer courses, the
results of this survey suggest that transfer of this knowledge
to current course content is incomplete.

Materials Preparation
The original intent was to use a laptop (Macintosh

Powerbook 180) in the classroom to accomplish the goal.

This would have been possible through the use of lecture
and overheads describing the process, followed by hands-on
experience. Because of the size of the computer screen,
only a few could view the process at a time. A better
method was selected for the classroom presentation using a
rolling cart containing a computer, an overhead projector
and an LCD (liquid crystal display) projection panel. This
additional equipment allowed the actual process of creating
the database to occur in full view of the whole class.

Having chosen this method of presentation, several
logistical challenges needed to be resolved:
I. Use of the portable hardware needed to be coordinated

with other faculty members working on additional
technology projects in other locations.

2. Faculty training was necessary to practice use of the
hardware. Operations specific to use of the laptop model
and the portable computer with display device were
necessary to learn. 3. Training was also necessary for
ClarisWorks, the database software program that was
chosen for its ease of use and its great likelihood of
being encountered in the elementary schools in the
immediate area.

Faculty members skilled in the use of the particular
hardware and software assisted novice faculty members
Individual one-on-one training and access to training
manuals developed by faculty was provided. This training
was necessary even though faculty members were "com-
puter literate;" the new hardware and the new software
program required additional literacy skills beyond beginning
levels.

Faculty discussed fields that might be included in the
database. but it was decided to allow students to create the
lif.t of fields for the database themselves. By allowing trial
and error, greater student involvement was anticipated with
th ,.! possibility of greater transfer and ownership of the
process. After initial development, classes could compare
and contrast their database with the databases created by
other classes for reflective improvement.

Classroom Application
To introduce the topic, classroom lecture and discussion

covered characteristics of databases and examples of
databases in daily activities. The purpose of the activity was
explained and students interacted to create the database,
choosing fields to include.

In the first class presentation, a skilled (expert) faculty
member assisted another faculty member and class in the
creation of a database for storytelling resources. This
assistance provided technical modeling of critical skills.
The extra assistance was especially helpful because of the
expert faculty member's speed and comfort with using the
technology and extra ability in creating an artistic "layout"
or arrangement of the database fields. By co-teaching the
lesson, the faculty modeled the benefits of collaborative
effort and participation on the part of far.:ulty.

Two additional classes created fields for establishing
their databases. After creation of the databases, students
entcred their information into the fields on an individual

S
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basis.
Students in the three classes then compared the data-

bases created by the others and made suggestions for a new
composite database form to be used in future classes.

Student information was consolidated and printed to
hard copy. For those students owning the same software
package, a copy of the database was provided on diskette.

Discussion
Through the activity, several goals were achieved:

students created a resource of value to themselves and to
others; students observed the potential of using a laptop or a
computer on a rolling cart with a display unit in the class-
room; and students received hands-on experience with a
laptop or portable computer.

Providing time for the individual hands-on experience
was not a simple matter. Continued access to the portable
technology required coordination. Use of building com-
puter labs required some amount of supervision also.
General use of le lab required explanation. The actual
hands-on entering of information required continuous
assistance also. The particular software program did not
allow simultaneous access on the network for multiple
users. These are difficulties that will be eased as each
student and faculty member becomes more familiar with
more hardware, software, and systems requilements. At this
stage, the hands-on experience for nearly 100 students
required an extended time period to accomplish.

After the activity of designing a database, students
showed increased awareness of database characteristics and
potential. Follow-up survey reports showed a significant
increase in the number of ideas students could generate on
potential portable computer use in the classroom. Greater
awareness of the possibilities should lead to further investi-
gation and computer use.

An important aspect in the success of this activity was
the interaction among faculty members in the contribution
of their special talents. As new technology becomes
available, additional training with new equipment and new
software packages is important, even for faculty that may be
computer literate. The modeling of collaborative exchanges
between faculty members and continued technology skill
learning is important. The content and processes of
technology skill and the content and process of collabora-
tion are reflected in student responses. Skilled faculty's
willingness to share their time and talents to advance the
skills of their colleagues cannot be underestimated in
importance.

Summary
Increasing preservice teachers' skills in technology use

can be challenging. There are many expectations for
traditional content and strategies already in place with the
additional need to add content and strategies for technology
use. Advances in hardware and software require continuous
training - which takes time. Careful consideration must be
given to how to coordinate and blend traditional course
content and time requirements with expectations for
additional technological skill. Because of the wide variety

in student and faculty background and the variety in
hardware platforms and software programs, students and
faculty must continually and simultaneously be developing
skills in breadth and depth. The ongoing changes brought
about by new releases necessitate continuous updating of
skills. Collaboration among faculty and students will be
critical in facilitating this ongoing training need. The
modeling of sharing expertise and sharing common
products is important and has an effect on students.
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Appendix A
Background Student Survey Questions

Name
Classification
Course
Age
Each computer course taken: (title, where, when)
Which computers do you use? (type, software, purpose)
Location (school, business, own, other)
Have you ever used a database? If yes, what was it?
Have you ever created a database for your use? (If yes,
what was it?)
Have you ever created a spreadsheet?
Have you ever seen a laptop being used? (If yes, for what?)
Have you ever used a laptop computer? (If yes, where and
for what purpose?)
If yes, how many minutes or hours would you estimate
you've had hands-on experience on a laptop?
What would you do with a laptop if you owned one?
What would you do with a laptop in your future classroom,
if your school checked one out to you?
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Customizing Technology in
the Classroom for

Preservice Educators

Alex C. Pan
University of Wisconsin at

Whitewater

Although computer-assisted instruction (CAI) has been
around for more than a decade, application of computer
technology in the school remains a problem. Many studies
(Wetzel 1992; ISTE, 1992; Electronic Learning, 1991)
indicate that most education graduates today do not feel
comfortable about teaching with computers or technology.
The issue of what they have learned versus what they should
learn must be reexamined.

Technology instrection for preservice teachers should be
based on their future job needs as well as the current
technological reality in the school. Teaching preservice
educators to use the computer technologies that are either
different from or not available in today's school settings is
impractical. What the preservice teachers need to learn
about computers and applications should be different from a
general computer literacy program. Currently, the majority
of computer instruction given to preservice teachers is in
two areas: using computers as tools (word processing,
spreadsheet, database, graphics, and conunuttications) and
developing multimedia-based applications. Such instruction
is important to enhance computer literacy and keep the
preservice teachers current; however, the preservice teachers
should learn not only about the knowledge and skills to use
computers and application programs but also about how to
customize available software programs and hardware to suit
various instructional situations.

Also, applying computer knowledge and skills to teach
content areas across curricula is a highly desirable objective.
Today's teachers are facing the obstacles of inadequate
resources, lack of technical support, and insufficient time,
which make this objective difficult to accomplish (OERI,
1989). Customiiing technology will help preservice
teachers tackle some inevitable obstacles and focus on what
can be done with limited resources. To integrate custom-
ized technology into teaching will also empower preservice
teachers to increase the efficiency ana effectiveness for
teaching and learning performance.

Facing The Reality
Two rypes of technologies are available to today's

educators: limited or outdated computer technology versus
fancy multimedia-based computer systems with all the
power-enriched peripherals. Many preservice students have
been exposed to the use of exciting hypermedia and
multimedia from the computer application courses they
have taken. Later, when they were employed as school
teachers, a number of them became star teachers for what
they knew and could do with the newest technology, while
most others could not even get a decent computer that
allowed them to run recent word processing programs.
Some of them were lucky enough to get a few computer
systems with limited capability and insufficient quantity.
Suddenly, they become frustrated because there is not much
they could apply from what they were taught to this meager
reality.

The current status of computer instruction in the schriols
does not look promising and can often be described as 'n the
following conditions: I) preservice and practicing teac aers
are not prepared to use technology in instruction; 2) tuday's

Preservice Teacher Education 195



schools cannot keep up with the development of technol-
ogy; 3) most of the currently available software programs
still do not provide quality to meet specific instructional
needs for various grade levels and content areas.

Integrating technology into curricula poses a serious
challenge to preservice teachers. Resta (1993) pointed out
that most preservice teachers are limited to a single required
"computer literacy" course, taught by a technology-oriented
instructor in a computer lab. In this way, preservice
teachers are provided with limited and isolated experiences
with technology. Such a course often fails to show technol-
ogy as a tool for integral learning and personal productivity
that can be used across academic disciplines, methods
courses, and clinical experiences. Wetzel (1993) suggested
that many teacher education faculty lack both the technical
knowledge as well as the knowledge of how to use comput-
ers in instruction. Resta (1993) also stated that most teacher
education faculty members do not have incentives to
integrate technology into the preservice curriculum because
they find it under-valued to infuse technologies into courses
compared with other duties such as teaching, advising,
research, and services.

Although more equipment is available now than before,
computer resources and equipment in the schools are still
somewhat limited. Adams (1989) commented that shaky
software and too few machines raise the question whether
computers in the schools are worth the bother. There have
been many reports about the status of computer use in the
school. For example, the Arizona Department of Education
(1992) recently detailed the types of computers used in the
schools. Most machines (microcomputers) used in the
schools are old, simple, and have very limited capabilities
(such as old Apple Ils, IBMs, or Macintoshes).

Also, schools seemed to be much slower in catching up
with new technology than the business world. Teachers
often lack the training, resources, time, and administrative
support to effectively implement technology in instruction.
Facing funding shortage, most schools today are having
difficulty in supporting technology for teachers. Kinnaman
(1993) presented several common examples of the budget-
ary problems with school technology improvement, such as
incredibly limited amount, and stiff and restricted budgetary
policy which makes funds non-transferable to purchase the
truly needed items.

On the other hand, even if the teachers were financially
supported to use technology in the classroom, they might
not be able tO find many good quality programs that they
could use for specific instruction for certain grade levels and
content areas. Bonner (1992), having reviewed over 5,000
commercial PC software application programs, estimated
that between 90 and 95 percent of the programs would
prove to be failures because they were not designed
specifically with educational users in mind.

Based on these facts, we are facing a very tough
challenge for integrating computer technology into the
schools. It is especially discouraging for preservice teachers
to face their future careers if what they are learning in
college does not prepare them to work in the future.

What is meant by Technology
Customization?

There are often many alternatives one can take to get a
job done. As our skills improve, we can always find a better
strategy to make decisions about how to maximize our
performance. This is also true when utilizing or customizing
technology applications.

Customizing technology for instruction can be done in
several ways: 1) to use the software or hardware in our own
way to best increase effectiveness and efficiency for
personal or professional productivity; 2) to adjust the
available but incompatible electronic resources to make
them work to our needs; or 3) to curtail and to apply
available electronic resources to teach content areas across;
curricula. For teachers, to customize technology really
means to use software, not only as it is, but in the ways
teachers need and prefer. They should not be restricted to
the limitation or inadequacy of the technology.

Some Examples of Customization
There are countless examples of successful technology

customization for personal productivity and professional
performances in the school. Here are a few instances.

A typical example of customizing technology is the
menu system. The teacher can create a customized menu
using DOS batch commands or shell program for students
to select a particular program. In such a way, choosing the
program item will be quicker and easier with a great
reduction in confusion for students.

Very often, installing software programs will require
users to provide information about the hardware and
software configurations such as mouse devices, video
capabilities, and memory. A teacher can modify the
program configuration to run the program on limited
hardware. For instance, many powerful programs, such as
WordPerfect or IBM LinkWay, will preferably require large
memory and much disk space. However, after modification
of the system configuration, these programs can run on the
two-floppy systems which are often available in the schools.

To enhance the use of computer hardware for instruc-
tion, there are many possibilities that a teacher can have to
optimize their productivity and performance. They can
invest in an inexpensive modem to dial up a local bulletin
board system or to connect to telecommunication groups to
acquire tremendous useful resources such as good educa-
tional shareware programs. They can use LCD panels with
their computers for in class demonstration and discussion.
They can also connect many low-end computers and set up
a network for optimal use.

The teacher can also convert application programs into
tools for specific purposes. Using word processors, with the
spell-checking and word-counting functions, a teacher can
develop a typing test tool. With features such as outlining
and line numbering, word processors can be used as an idea-
generation tool. The teacher can customize a spreadsheet
program using the formula and calculation features to
develop a grade book. Graphics programs can be used to
develop a personalized story book. To develop problem-
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solving and thinking instruments, a teacher can use various
application programs such as database or spreadsheet
programs. Database or graphing programs can be used to
enhance students' personal connections to data relevant to
their lives.

Sometimes, teachers will find the courseware programs
inadequately developed for the subject. They have to be
selective. They can, for instance, use part of an atlas or map
program to teach geography with guided questions. Such
types of examples exist in many reports. Simon (1993)
describes how the classroom teacher can relate history to
students' own lives and experiences using several computer
programs to reinforce students' learning. With some
instruction, preservice teachers can learn how to turn data
into information and change resources into useful instruc-
tional and communication media. Teachers will become
flexible and creative in using computers to optimize their
productivity.

The Need of Technology Customization in the
School

Technology customization becomes indispensable when
the available technology is not set up properly to maximize
personal productivity or professional performances due to
technological limitations. In a school setting, many
situations could require teachers to customize technology to
maximize its use.

Teachers do not need to know or use everything about
computers before they can take advantage of the technol-
ogy. However, mostly, teachers cannot find adequate
software programs for their personal use or for instruction.
Also, a frequent problem that teachers encounter when
instructing with computers is that they do not have appropri-
ate equipment the machines and the programs are
obsole te; the contents of the programs do not fit the desired
teaching setting; and the hardware and software are
incompatible. One concern most teachers have is how to
patch up thc inadequacy of their equipment. Another
concern is how to find and use relevant resources effectively
in instruction. If these problems are not solved, teaching
with technology in the school will continue to remain a
problem.

Analogy of Using Old Technology in the School
I have seen an extremist position develop about what we

need to have in the school. One group of scholars radically
advocate that the schools' computer systems are outdated
and we should get rid of them. However, the existing
equipment may be less sophisticated than the new technol-
ogy but will not disappear immediately. Our schools simply
cannot afford to replace all the existing resources with new
ones at once. We should learn to live with what exists and
make the most out of whatever is available to us in the
schools. Also, the following questions should be asked to
address this concern:

Can our students and tea.chers still benefit from the
existing equipment in the school?

How much more will our school personnel benefit if we
discard most or all of the existing equipment and get a
few pieces of new equipment?
How may we benefit from using the existing hardware
and software?

We often need some basic skills to cany out the
intended tasks no matter what tools and methods we are
going to use. Take driving as an example. Before we can
afford to drive a brand new BMW or a Mercedes, driving a
used second-hand car will also serve the purpose. Besides,
driving from home to work every day, we do not absolutely
need a BMW to do it.

I am not suggesting we should not use the high-end
machine. What I'm saying is if we cannot afford the high-
ends and, in the mean time, the low-ends are still meeting
the needs and serving the purpose, why should we discard
all the low-ends? High-end machines can make fancy
things possible and attain higher performance but the low-
end machines will allow us to complete the minimally
required tasks and develop basic computer literacy and the
skills needed to operate computers.

To own the high-end equipment does not necessarily
mean we are technologically advanced. If we are requesting
the high-end machines only for the purpose of completing
the minimally required tasks such as basic typing and word
processing, we are wasting the technology. With high-end
machines, we need to conduct business to maximize the
high-end vision. For example, many new software pro-
grams that make extensive use of sound and enhanced
graphics are probably more necessary for teaching young
children.

The key issue we need to address is how to make the
most of the available resources no matter what we have
available.

How to Teach the Preservice Educators
to Customize Technology in the
Classroom

Preservice teachers should be taught to be aware of the
following aspects so that they will be knowledgeable and
capable to optimize their performance in their future
computer using environments.
I. They should learn to operate a computer and use

software successfully.
2. They should familiarize themselves with the available

programs and machines in the schools.
3. They should be able to use application programs (e.g.,

word processing, spreadsheet, database, graphics, etc.),
courseware programs (e.g., tutorial, drill & practice,
simulations, education games), and multimedia or
hypermedia-enriched instruction programs. They should
also be aware of the basic system requirements for these
programs.

4. They need to know how to use computers for many
things such as to manage responsibilities (e.g., test
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making, grading, and other paper work), to make
presentations, to lead discussions, and to inspire
enlightening self-discovery or problem-solving.

5. They should be able to increase productivity with
meager resources and limited computer capability
through the following actions:
a) Upgrade old equipment with extra hard disk space,
memory, and other devices, as needed.
b) Make use of a single computer for classroom
demonstration, or cooperative learning activities as
Dockterman (1991) suggested.
c) Put computers together to setup and use networks.
d) Use modems to connect available to bulletin board
systems (BBSs) or other telecommunication groups or
resources.
e) Increase the availability of resources by searching for
public domain & shareware programs.

6. They need to be able to evaluate both software and
hardware for strengths and weaknesses and requirements
for educational application (such as grade levels, content
areas, etc.)

7. They should be able to plan effective lessons using
existing computer technology. They should also know
about how to combine teaching and learning theories
with the use of technology in instruction.

8. They should be able to identify and evaluate available
computer resources for their needs.

To employ technology effectively in teaching requires
making an effort to use technology, to customize existing
resources, and to be creative. Many ideas for projects
should be collected and introduced to preservice teachers to
show them what is available and what is possible.

Conclusion
Many people have confidence in the ability of computer

technology to enhance classroom instruction. Despite the
harsh facts of the current use of computers in the school,
one of the most important things we should teach the
preservice teacher is to adapt the teaching environment to
take full advantage of whatever computer technology is
available to them.

Customizing technology demands a higher level of
knowledge and skill than the regular basic computer tasks.
It requires not only mechanical knowledge of using
computers but also a creative mind to implement available
resources for better performance. Customization might take
more time for the preservice educators to master but it will
prove useful and practical once they begin to integrate
technology into instruction. Our computer skills and
knowledge grow with the amount of time and effort we put
in, and so does our ability to customize technology for
teaching. As Altman (1993) put, "We do believe that there
is a philosophy associated with using Page Maker (a
software program). But you cannot practice instinct and you
cannot learn feelings; they must come to you over time (p.
40)." Customizing technology for instruction will some day
be carried out by teachers instinctively.

In summary, customizing technologies will help the

future teachers know what computer technologies are
available to them and understand the reality in the school.
Thus, they will make themselves flexible to use and take
advantage of whatever is available to them. They will build
confidence to survive in the technological environment
because they have learned the basic skills to use computer
application programs as well as strategies to deal with
limited resources. They will also know how to enrich the
quality of teaching through the integration of technology in
instruction as feasible.
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There are several areas in the study of technology and
teacher education that hold promise for improving the
education of preservice and imervice teachers. One area
that is currently receiving a great deal of attention is the use
of technology-enriched professional development schools.
Professional development schools (PDSs) have been found
to be effective sites for improving: (a) the staff develop-
ment for inservice teachers and (b) the preparation of
preservice teachers (Diem, 1993; Good lad, 1990; Stallings
& Kowalski, 1990). These PDSs are typically sites where
classroom teachers are considered to be master teachers so
that they can demonstrate exemplary instruction to
preservice teachers as well as be involved in their profes-
sional development.

Some of these innovative schools are now becoming
"technology enriched." These technology-enriched schools .
and classrooms contain."state-of-the-art" technology and
usually include computer networking among preservice
teachers, classroom teachers, and university personnel.
These schools have the potential to change existing teacher
education programs because the programs will become
much more experiential and school-based and will also
allow teachers, preservice teachers, administrators, and
university personnel to interact through sophisticated
computer networks (Bright & Waxman, 1993). Technol-
ogy-enriched PDSs can change teacher education programs
by: (a) restructuring the traditional instructional approaches
in teacher education programs, (b) helping preservice and
inservice teachers learn the skills necessary to teach using
technology, and (c) helping university faculty learn how to
use technology in their own teaching. Research and
evaluation on the effects of these types of new schools and
programs are critical, however, in order for us to document
the impact that these professional development and technol-
ogy schools have on improving teacher education and
teaching and learning in schools.

Recently, there have been several articles that have
described technology-enriched professional development
schools or professional development and technology
schools (Diem, 1993; Doornekamp & Car leer, 1993;
Grandgenett & Mortenson, 1993; Las ley, Matczynski, &
Williams, 1992). Yet there have been very few published
studies, reports, or articles that have examined the effective-
ness of these schools. There may be several reasons why
there has been very little research and evaluation of these
projects. First of all, in such collaborative projects, research
and evaluation may be seen as counter-productive to
working relationships between the school and university
(Collis & Car leer, 1993). Second, even if there has been
some type of research or evaluation conducted on the
project, these reports have not bet n effectively communi-
cated or disseminated. Finally, Collis and Carleer (1993)
describe some of the problems that educators have finding
appropriate theoretical and methodological approaches for
ecamining technology-enriched projects. Since many
professional development and technology schools are
currently being established across the world, it is important
to clarify some of the critical issues and assumptions
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associated with the evaluations of those schools. The
purpose of this article is to describe several alternative
models or approaches that can be used to examine the
effectiveness of professional development and technology
schools.

Examining alternative models of evaluation for PDSs is
important because in educational research and evaluation,
the answers or conclusion we obtain are determined by the:
(a) type of questions we ask, and (b) methods we use to
resolve them. Unfortunately, investigators' personal
commitments to a given evaluation model or research
methodology have sometimes guided and shaped the
research process by affecting their choice of design,
instrumentation, and interpretation of data (Dunkin &
Biddle, 1974). In other words, the selection of the evalua-
tion model is often related to the theoretical or ideological
commiunents or beliefs of the investigator Awareness of a
variety of evaluation models or approaches can broaden our
perspectives about research problems and change our ways
of thinking about what we can study and how we can study
it (Kerlinger, 1977). The following sections describe
several alternative models that can be used to examine the
effectiveness of PDSs. The key assumptions and methodol-
ogy will be discussed for each of the evaluation models, as
well as the strengths and weaknesses.

While the conceptual work on models of evaluation by
House (1980), Madeaus, Scriven, and Stufflebeam (1983),
Stufflebeam and Webster (1980), and Worthen and Sanders
(1987) is an important starting point for examining altern-
tive models of evaluation, the more recent work on evalua
tion in instructional technology (Kifer, 19)1), and research
paradigms in instructional technology (Dris;.oll, 1991) and
technology and teacher education (Waxman a Bright,
1993), is more appropriate for examining technology-
enriched PDSs. These alternative models or perspectives of
research and evaluation encompass the most recent and
comprehensive theoretical perspectives of the field of
technology and teacher education. Therefore, the evaluation
approaches described in the present article follow the
perspectives of the paradigm and evaluation models in
instructional technology more than the generic evaluation
models. For each of the ma ls described in the following
sections, some of the key questions that each approach
addresses will be discussed, as well as the strengths and
weaknesses of each model for evaluating professional
development and technology schools.

Alternative Models of Evaluation
Program evaluation focuses on the systematic collection

of data about a program in order to make a value judgment
or decision about it (Alkin & House, 1992). Program
evaluation differs from educational research in that evalua-
tion is more concerned about providing information for
decision-making purposes for a specific context, while
educational research typically operates from a theoretical
framework and focuses on the generalizability of results.
Given that most PDSs typically exist in a particular school
where: (a) data collection will most likely be dictated by
feasibility. (b) control of the relevant variables will be low,

and (c) generalizability of the results will be low, it appears
that program evaluation is more appropriate than educa-
tional research for addressing issues of effectiveness.

As previously mentioned, many researchers and
evaluators have developed frameworks or typologies for
categorizing evaluation approaches or models. These
categorizations or conceptualizations are often helpful in
that they enable educators to examine the similarities and
differences among paradigms or approaches.

Classroom Observational Model
The observational model focuses on the observed

classroom processes and behaviors of students and teachers
in technology-enriched PDSs. This model investigates how
classroom instruction and student behavior changes as a
result of the PDS or is influence by the PDS. Some of the
advantages of this approach is that it typically uses low-
inference, observational instruments that provide reliable
and valid measures of classroom processes and interactions
among students and te.chers. Some of the weaknesses of
this approach are that it 's very costly in terms of time and
money to collect observL'ional data and this method focuses
on observed classroom be. %aviors without usually address-
ing the intent of the behavik.-. Some typical questions that
this evaluation model would xidress are: (a) How have
teacher and student behaviors c.hanged as a result of the
implementation of technology, (b) To what extent has
technology been integrated into the existing curriculum, and
(c) To what extent are students engaged in their academic
work when using and not using technology?

Connolsseurship/Criticlsm Model
Connoisseurship is the art of appreciation and it consists

of recognizing and appreciating the qualities of a particular
phenomena. Criticism is the art of disclosure and it
composed of three major dimensions: (1) descriptive
identifying and characterizing, (2) interpretiveindicating
what the situation means to those involved, and (3) evalua-
tiveappraising the value. One of the advantages of this
model is that it is comprehensive, incorporating all aspects
of the project. The vivid descriptions that one obtains from
the criticism or evaluation report are often very meaningful
to the participants involved in the study. The key limita-
tions are that this approach is extremely subjective and it is
totally dependent upon the skills and background of the
evaluator or connoisseur. Some of the typical research
questions that this evaluation model would address include:
(a) What are the key characteristics of the PDS, (b) How do
students, teachers, and university faculty interpret the
collaboration, and (c) What is the overall effectiveness of
the project?

Ethnography or Case Study Model
This model discloses the "way of life" for all the

participants of the PDS. Some of the advantages of this
approach is that it includes the perspectives of teachers,
students, parents, administrators, and university personnel in
its evaluation of the project. It may also involve school
district administrators, state-level administrators, and
university administrators. One of the key limitations is that
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it is a relatively subjective approach, again dependent
somewhat on the skill of the evaluator who often becomes a
participant in the process. Some of the typical questions
that this evaluation model would address are: (a) What are
classroom teachers' and university professors' expectations
about the PDS, (b) How do students, parents. and adminis-
trators feel about the PDS, (c) How successful are teachers
in implementing the technology in their classes, and (d)
What difficulties do classroom teachers and preservice
teachers have in working in the PDS?

Experimental Model
This model investigates whether or not there is a

statistically significant difference between the technology-
enriched PDS and a control school on some dependent
variables such as students' or teachers' c,,.-titive, affective,
or behavioral outcomes. One of the advantages of this
model is that it can make a causal inference relating the
effects of the PDS to some specified outcome variables.
One of the key disadvantages of this model is that it is often
very difficult to conduct "true" experiments in the field
because of the problems associated with randomly selecting
which schools should become PDSs and which ones
shouldn't. There are also many other sources of invalidity
that need to be addressed in experimental studies. Some of
the typical questions that this evaluation model would
address are: Are there significant differences between the
PDSs and control schools on (a) students' academic
achievement, (b) teachers' classroom instruction, (c)
preservice teachers' attitudes toward the teaching profes-
sion. and (d) teachers' implementation of technology?

Student Cognition Model
This model focuses on students' responses and psycho-

logical processes that govern learning. This approach
examines how students interpret and understand classroom
reality. It also investigates how students approach, think
about, and learn specific tasks. Some of the advantages of
this model are that it emphasizes the importance of students'
thought processes and cognitive learning strategies. It
highlights the learning processes that students use when
they comprehend text, solve a problem, or approach any
learning task. Some disadvantages of this approach are that
it focuses almost exclusively on students and that it is very
time consuming to assess students' cognitive learning
strategies. Some of the typical questions that this evaluation
model addresses are: (a) What are the cognitive learning
strategies that students use when working with technology,
(b) How are these processes different when they work with
technology, and (c) Are there differences between high-
achieving and low-achieving students on their cognitive
learning strategies?

Teacher Cognition/Clinical information
Processing Model

This model focuses the thoughts and motives of
classroom teachers. This approach assumes teachers are
goal-seeking problem solvers whose ability to deal ratio-
nally with their environment is constrained by their limita-

tions to process information. Some of the advantages of this

model are that it emphasizes the importance of teachers'
intentions in the instructional process and it examines the
factors that can hinder the implementation of technology in
the curriculum. A disadvantage of this approach is that it
often requires that the teacher and evaluator spend a great
deal of time reviewing lessons or watching videotapes of
lessons. Some of the typical questions that this evaluation
model addresses are: (a) What are the factors that prevent
teachers from integrating technology in their classroom
instruction, (b) What are teachers' attitudes toward technol-
ogy and being involved in the PDS, and (c) To what extent
do "expert" teachers implement technology differently from
"novices?"

Discussion
One of the most serious problems related to school-

based technology programs is that there has been a prolif-
eration of such programs before adequate research and
evaluation has been undertaken to examine their effective-
ness. There are serious questions, for example, about two of
the most widely disseminated prcgams, Apple Classrooms
of Tomorrow (Ross, Smith, & Morrison, 1991) and IBM's
Writing to Read (Slavin, 1991). Before technology-
enriched PDSs become widely implemented across the
country, there should be systematic evaluations of such
projects. In addition, these evaluation reports need to be
widely disseminated so that their findings can be used to
guide and improve practice.

There have been many general criticisms related to the
poor quality and quantity of research in the field of educa-
tional technology (Brooks & Kopp, 1989; Clark, 1989;
Gentry & Csete, 1991; Hannafm, 1985; Hannafin &
Hannafin, 1991; Maddux, 1993). In fact, there has been so
relatively little research in the field of technology and
teacher education that some critics are urging teacher
educators to assume their professional responsibility and
begin to systematically evaluate the impact of technology in
teacher education programs (Brooks & Kopp, 1989). The
lack of systematic research and evaluation on the impact of
technology on teacher training may become one of the
major factors that may hinder the progress of technology-
enriched PDSs.

Due to the curient criticisms of research in technology
and teacher education, educators must concern themselves
with producing more and better research in this area. The
most effective programs of educational research reflect the
intelligent deployment of a diversity of research paradigms
applied to their appropriate research questions. The use of
alternative evaluation models may enable us to extend our
understanding of several &Teets of technology-enriched
PDSs which could then be incorporated in programs to
monitor and improve policies, practices, and their effects.
Improving the research and evaluation on technology-
enriched PDSs, however, will take more than just awareness
of the problems and knowledge of some solutions. We will
also need a commitment towards quality research and
evaluation from both school-based and university educators.
A broad, interdisciplinary research agenda will need to be
collaboratively developed and then carried out vigorously.
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Policy makers will similarly need to acknowledge the
significant contribution that research and evaluation should
have in formulating policies and suggesting improvements
for technology-enriched PDSs.

References
Alkin, M. C., & House, E. R. (1992). Evaluation of

programs. In M. C. Alkin (Ed.), Encyclopedia of educa-
tional research (6th ed., pp. 462-467). New York:
Macmillan.

Bright, G. W., & Waxman, H. C. (1993). The future of
research on technology and teacher education. In H. C.
Waxman & G. W. Bright (Eds.). Approaches to research in
teacher education and technology (pp. 123-130).
Charlottesville, VA: Association for the Advancement of
Computers and Education.

Brooks, D. M., & Kopp, T. W. (1989). Technology in
teacher education. Journal of Teacher Education, 40(4). 2-
8.

Clark, R. E. (1989). Current progress and future
directions for research in instructional technology. Educa-
tional Technology Research and Development, 37(1), 57-
66.

Collis, B., & Carleer, G. (1993). The effects of
technology-enriched school intervention: A multiple case-
study analysis. Computers in Education, 21(1/2), 151-162.

Diem, R. A. (1993). Centers for professional develop-
ment and technology: CEDE in San Antonio. In D. Carey,
R. Carey. D. A. Willis, J. Willis (Eds.), Technology and
teacher education annual 1993 (pp. 411-413).
Charlottesville, VA: Association for the Advancement of
Computing in Education.

Doornekamp, B. G., & Carleer, G. J. (1993). Con-
straints on the integration of computers in the curriculum.
Journal of Technology and Teacher Education, 1(2), 181-
194.

Driscoll, M. P. (1991). Paradigms for research in
instructional systems. In G. J. Anglin (Ed.), Instructional
technology: Past, present, and future (pp. 310-317).
Englewood, CO: Libraries Unlimited.

Dunkin, M. J., & Biddle, B. (1974). The study of
teaching. New York: Holt, Rinehart & Winston.

Gentry, C. G., & Csete, J. (1991). Educational technol-
ogy in the 1990s. In G. J. Anglin (Ed.), Instructional
technology: Past, present, and future (pp. 20-33).
Englewood, CO: Libraries Unlimited.

Goodlad, J. I. (1990). Teachers for our nation's
schools. San Francisco: Jossey-Bass.

Grandgenett, N., & Mortenson, R. (1993). A collabora-
tive inservice model for training teachers in advanced
technologies. In D. Carey, R. Carey. D. A. Willis, J. Willis
(Eds.), Technology and teacher education annual 1993 (pp.
55-59). Charlottesville, VA: Association for the Advance-
ment of Computing in Education.

Hannafin, M. J. (1985). The status and future of
research in instructional design and technology. Journal of
Instructional Development, 8(3), 24-30.

Hannafin, M. J., & Hannafin, K. M. (1991). The status
and future of research in instructional design and technology

revisited. In G. J. Anglin (Ed.), Instructional technology:
Past, present, and future (pp. 302-309). Englewood, CO:
Libraries Unlimited.

House, E. R. (1980). Evaluating with validity. Beverly
Hills, CA: Sage.

Kerlinger, F. N. (1977). The influence of research on
education practice. Educational Researcher, 6(8), 5-11.

Kifer, E. (1991). Evaluation: A general view. In G. J.
Anglin (Ed.), Instructional technology: Past, present, and
future (pp. 354-362). Englewood, CO: Libraries Unlim-
ited.

Lasley, T. J., & Matczynski, T. J., & Williams, J. A.
(1992). Collaborative and non collaborative partnership
structures in teacher education. Journal of Teacher
Education, 43, 257-261.

Madeaus, G. F., Scriven, M., & Stufflebeam, D. L.
(Eds.) (1983). Evaluation models: Viewpoints on educa-
tional and human services evaluation. Boston: Kluwer-
Nijhoff.

Maddux, C. D. (1993). Past and future stages in
educational computing research. In H. C. Waxman & G.
W. Bright (Eds.). Approaches to research in teacher
education and technology (pp. 11-22). Charlottesville, VA:
Association for the Advancement of Computers and
Education.

Ross, S. M., Smith, L. S., & Morrison, G. R. (1991).
The longitudinal influences of computer-intensive learning
experiences on at-risk elementary students. Educational
Technology Research and Development, 39(4), 33-46.

Slavin, R. E. (1991). Reading effects of IBM's
"Writing to Read" Program: A review of evaluations.
Educational Evaluation and Policy Analysis, 13, 1-11.

Stallings, J. A., & Kowalski, T. (1990). Research on
professional development schools. In W. R. Houston (Ed.),
Handbook of research on teacher education (pp. 251-263).
New York: Macmillan.

Stufflebearn, D. L., & Webster, W. J. (1980). An
analysis of alternative approaches to evaluation. Educa-
tional Evaluation and Policy Analysis, 2(3), 5-20.

Waxman, H. C., & Bright, G. W. (1993). Research
methods and paradigms in technology and teacher educa-
tion. In H. C. Waxman & G. W. Bright (Eds.). Approaches
to research in teacher education and technology (pp. 1-9).
Charlottesville, VA: Association for the Advancement of
Computers and Education.

Worthen, B. R., & Sanders, J. R. (1987). Educational
evaluation: Alternative approaches and practical guide-
lines. New York: Longman.

Hersholt C. Waxman is the Associate Dean for Research in
the College of Education at the University of Houston;
Houston, 7X 77204-5872; (713)743-5004.

Yolanda N. Padron is an Associate Professor in the School
of Education at the University of Houston-Clear Lake;
2700 Bay Area Blvd., Box 286; Houston, TX 77058-; 098

202 - Technology and Teacher Education Annual - 1994



Enhancing the Integration
of Technology in

Preservice Teacher
Education Through

Building a Technology
Classroom

Karen Kortecamp
University of New England

William Croninger
University of New England

The University of New England is a small, private, four
year institution with professional programs in osteopathic
medicine, allied health, teacher education, and social work.
Capitalizing on the momentum that surrounded the building
of a technology classroom, teacher education faculty have
outlined a model for expanding the integration of technol-
ogy in preservice courses that includes establishing a
technology partnership with area schools. The process of
acquiring and building the classroom is described and a
model for faculty development in instructional technology is
suggested.

Modeling the uses of technology in teaching and
learning through integration has become a major program
goal in teacher education at the University of New England
(UNE). The stand-alone computer applications course
typically required of preservice teachers prepares them for
word processing, database, spreadsheets, and affords some
familiarity with education software (Byrum and Cashman,
1993). This approach falls short in that it does not provide
preservice teachers with the knowledge, skills, or attitudes
needed to use technology as an interactive teaching tool to
improve instruction and enhance learning.

The limited use of computers in instruction has been
traced to several factors, the most constraining of which are
lack of equipment, lack of training and skills, and lack of
quality software (Zambo, 1992; Knupfer, 1988). If the
program goal to integrate technology in course offerings in
the preservice program is to be realized, then these inhibit-
ing factors must be eliminated. In order to accomplish this,
faculty in teacher education at UNE have formed a collabo-
rative relationship with faculty from other departments at
the institution to develop short and long range plans for the
acquisition of technology classrooms with desired software
and support for ongoing faculty development.

This partnership has led to many significant outcomes.
Of particular importance are the building of a technology
enhanced classroom, a new approach to faculty develop-
ment at UNE, and the development of a model for integrat-
ing technology in the preservice program beginning with the
first semester of year one and carrying through to the
internship experience in the final semester of the program.

Planning a Technology-nhanced
Classroom

Partnering with faculty in the Department of Occupa-
tional Therapy and the College of Osteopathic Medicine
who had developed tutorials for students in kinesiology and
anatomy, education faculty explored ways to further
incorporate computers in the educational process. Discus-
sions quickly focused on the lack of space and equipment
necessary to make the shift toward meaningful integration
of technology in the curriculum and in teaching. Concur-
rently, students in the College of Arts and Sciences were
becoming increasingly vocal about limited access to
computers.

Faculty approached the Dean of the College of Arts and
Sciences with these concerns. The Dean responded with
both a charge and commitment to the partnership group.
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The charge was to begin developing a technology-enhanced
classroom. The Dean committed to obtaining funds for the
actual construction.

In meeting its charge, the group engaged in two tasks:
1) learning about technology-enhanced classrooms, 2)
conducting a survey of all university faculty to determine
needs and requests. Literature review, requests on national
bulletin boards and interviews with computer personnel at
nearby institutions provided little assistance related to
classroom design. The group developed a model which
allowed classroom activities to drive design. The second
task for the group was to design and conduct a survey that
asked respondents to identify the ways in which they
currently use technology in their instruction, how they
would like to use technology, and what they would need to
be able to achieve this. Using suggestions from an Apple
Computer publication (Collins, Wing and Teichert, 1991),
eleven individuals were identified from the pool of respon-
dents as demonstrating specific needs and/or plans to use
technology in their teaching. The planning group expanded
to include these faculty members and became the Technol-
ogy Classroom Planning Committee (TCPC).

In May of 1993, only three months after committing to
seek funding, the Dean received approval of a budget for the
classroom. Immediately following this, a consultant
experienLed in the design of technology enhanced class-
rooms was retained to assist the group. The TCPC met
under the following constraints:

total budget to include furniture, renovations, and
equipment could not exceed $90,000;
the classroom would contain 20 computers with seating
for 30 students;
the room must be "on-line" by the beginning of classes
in September 1993.

Owing to the lateness of the academic year, the TCPC
was able to meet only once. In preparation for that meeting,
each member reviewed literature related to the use of
technology in teaching in their specific domain of instruc-
tion. The consultant convened the meeting with members
prepared to define the learning experiences they wanted to
provide in the classroom. Once these experiences were
clearly outlined, software and hardware were identified.
Because the classroom represents a sizable project for a
small institution, the group felt that its success was para-
mount. Although proponents of both the Macintosh (Mac)
and MS-DOS (DOS) environment were equally represented
within the group, it was agreed that the DOS users were the
best prepared to fully use technology in their teaching in the
Fall of 1993. Therefore, the planning committee decided
that the classroom should be equipped with DOS machines
provided that a second smaller classroom space of 10
Macintosh computers be established. Macintosh users
would spend this first year defining how they would use a
full-size classroom.

Design and Use of a Technology-
enhanced Classroom

With activities, software and hardware defined, the
igoup addressed classroom design. The desire was for a
physical arrangement that would promote collaboration
among students while not precluding the lecture format.
Group members envisioned three possible configurations:
tables in rows, a shallow "U" configuration and, finally,
arranging workstations around the perimeter of the room.
The room designated as the new classroom space is 19 feet
wide by 38 feet long.

The committee first looked at the traditional "row"
arrangement of tables. To allow eye contact between users
and instructor, this design encourages the placement of a
computer (CPU) and monitor in a recessed table. Fre-
quently advertised as being "ergonomically correct", this
arrangement may in fact lead to increased fatigue and
discomfort in users (Collins, Brown, Bowman, and Carkeet,
1990). The two remaining configurations were evaluated by
physically taping out 24 x 40 inch footprints in the class-
room. Doing so proved that it was impossible to fit twenty
worksites into the available space within the "U" shape.
The perimeter arrangement allowed for eighteen worksta-
tions at the forty inch width plus two additional stations
capable of accommodating manual and power wheelchairs
(Morrissey,1993). The committee decided that the perim-
eter layout would best address space issues and would allow
for a variety of approaches to teaching. All stations have
keyboards arranged to allow easy conversion to left handed
mouse use. The instructor station extends a short distance
into the center of the room to all liquid crystal display
(LCD) projection panels. Three locking cabinets are
provided for securing equipment.

A recent, informal survey of students to determine their
response to the new classroom was overwhelmingly
positive. A number of space related problems have been
identified, however. The classroom is situated in the oldest
building on campus and ventilation is very poor. The
planning team had anticipated possible problems with
temperature due to the heat released by twenty computers as
well as body heat from students. This has indeed proven to
be troublesome. Current plans are to upgrade the air flow in
the classroom at the same time that general building
renovations are undertaken in 1994.

A second problem stems from the size of the LCD's
projected image. Originally, plans called for projecting the
instructor's display across the smallest dimension of the
room. During construction and after the screen had been
ordered, it was decided to project the image along the
longest dimension of the room. This resulted in an image
too large to be completely projected. Therefore, it was
necessary to purchase a higher priced LCD projector with a
zoom lens.

A final problem that has arisen has involves the lighting.
The planning team had requested that the room lighting be
reconfigured into zones. As it turned out, the final wiring
only allows three options: full lighting, half lighting, or full
darkness. To counter this, physical plant will remove half
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of the lights closest to the projection screen. This will allow
that end of the room to be dark for viewing when half of the
room lights are on.

The classroom is in use five days per week beginning at
eight in the morning until six at night and at least two
weeknights. Some Saturday programs have been scheduled.
Education students meet in the classroom for two and one
half hours each week for a course entitled Computer
Applications in the Classroom.

The new Macintosh lab is proposed for Fall 1994. With
faculty interest growing, it has become apparent that the one
technology classroom is not sufficient to meet needs. The
physical layout of the new lab space will be consistent with
the perimeter configuration used in the DOS classroom.
Open blocks of time will be scheduled so that instructors
can use the lab as needed. Preservice students will meet
primarily in the Mac lab since this is the platform most
frequently found in K-8 schools. Occasional classes will be
scheduled in the DOS classroom in order to familiar
students with DOS equipment.

Current state of Technology to Enhance
Learning

An aggressive faculty development program will begin
in the Spring of 1994. And, as a result of the need for
additional teaching space, the committee will focus on
acquiring a second technology classroom that features
Macintosh oomputers. Simultaneously, and in concert with
the computer committee, the education faculty are defining
ways to expand the integration of technology in the
preservice program. Since access to technology and
software is, in large part, no longer a barrier to using
technology in instruction, formulating.strategies to educate
university faculty about its many benefits is an important
next step.

In line with much of what is espoused in teacher
education programs, strategies will concentrate on a learner-
centered approach. Just as our preservice teachers are
encouraged to design authentic learning experiences for
children that stem from real life problems, the committee
has outlined a program that begins with a general hands-on
orientation and expands to support faculty in personalizing
the integration of technology in their teaching. After all,
"Teachers are the content-area specialists and it is they who
best design the implementation of technology in class-
rooms" (Schlumpf, 1991, p. 81).

Currently, students' first experience with Macintosh
computers in the program occurs during their first semester
with a required eight hour tutorial. If students are able to
demonstrate proficiency, they are exempted from the
tutorial. Each of the seven methods courses (Reading,
Math, Science, Social Studies, Language Arts, Writing, and
Creative Arts), has a technology component. As part of
their coursework, students evaluate and review educational
software; design lessons, learning centers, and units of study
that incorporate technology; and use technology to adapt
curriculum to meet individual needs. The use of computers
for keeping records and assessment is addressed as well. In

the computer applications course, students learn word
processing, databases, and spreadsheets.

Future directions
The approach to faculty development that we have

outlined takes participants through a series of overlapping
phases: familiarization with the technology classroom and
current software, partnering with mentors, developing
individual projects, becoming mentors, and staying current.

Prior to scheduling orientation sessions designed to
familiarize faculty with the technology classroom, a full day
of vendor presentations will be offered. Presentations will
highlight software available in specific disciplines and
suggest ways that technology use could enhance teaching
and learning. The primary purpose is to motivate faculty and
students about the possibilities that technology affords and
to generate interest in the follow up orientation sessions.

Two types of orientations will be offered, one for faculty
who identify themselves as novices and one for those who
feel comfortable with DOS and Macintosh equipment. In
each of the sessions, presentation and direct instruction will
be minimal. Building on what was learned in the UNE
workshop for area teachers and borrowing from the Teacher
Explorer Center model (D'Ignazio, 1991), faculty will be
immersed in designing presentations, writing tutorials, and
multimedia authoring.

Next, faculty will be paired with mentors who will assist
them in designing, implementing, and assessing personal
projects. Enlisting sufficient numbers of faculty to serve as
mentors is a concern. In an institution where faculty already
feel that they are working to capacity, persuading members
to take on another commitment is challenging. In this first
year, though, the level of interest and excitement for
bringing teaching at the institution into the 21st century is
impressively high and a list of mentor volunteers is growing
steadily.

Supporting faculty as they personalize their learning is
an attempt to keep our faculty development program from
disappearing into the black hole that has gobbled up so
many others. Through individualized projects, faculty have
the opportunity to acquire the skills, knowledge, and
attitudes necessary to use technology in a way that is
meaningful, relevant to their teaching, and specific to their
content.

Several projects have already been outlined. Education
faculty are planning to videotape learning episodes that
demonstrate direct instruction, cooperative learning, and
learning through discovery and inquiry in K-8 classrooms.
The tapes will then be edited and converted to videodisc and
delivered by a Hypercard program. Instructors can use the
videodisc to engage students in reflectively thinking about
the differences in each approach, such as the role of teachers
and students, the elements of lessons, the effectiveness of
the teaching, and the management of classroom behaviors.

During the time when faculty are working on their
projects, participants and their mentors will be brought
together on a regular basis to discuss their work, ask
questions, and share problems and solutions. As the pool of
experienced and knowledgeable faculty members gows, the
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number of individuals capable of becoming mentors
increases. These individuals will be encouraged to voluntar-
ily serve as mentors to a new group of novice faculty.

Some of the work of staying current with the advances
in technology will be done through the mentoring group and
other less formal networks. With the support of the
committee for faculty development, an electronic newsletter
describing new and future advances in hardware and
software will be disseminated to all faculty. Also included
will be a description of the projects that are in process,
follow-up to previous activities, and announcements of
upcoming events. In addition to relying on expertise within
the university, outside speakers, consultants, and vendors
will be invited to present information.

In its effort to expand the use of technology in delivering
the preservice teacher curriculum, education faculty have
identified three major points of focus. They are: modeling
and engaging students in technology assisted instruction in
all of their professional coursework; establishing workshops
for area teachers; and placing teacher interns in classrooms
where technology is a vital part of every school day.

In the teacher education program, teacher educators
strive to model positive and effective teaching behaviors.
The current computer applications course with it's "show
and tell" approach is a poor model of practice. "Research in
human development states that we learn well what we see
modeled, and learn better what we can experience" (Kelly,
1990, p. 92). Through the mix of tutorials, a basic introduc-
tory course in the role of technology in the classroom, and
the integration of computers in professional core courses,
students leaving the program will be proficient and enthusi-
astic users of technology for both teaching and learning.
Kay (1990) found that positive cognitive attitudes and skill
in using computers and applying software, were significant
predictors of preservice teachers use of computers in
education.

Added to the technology components already included
in the program, students will become knowledgeable users
of videotapes and video cameras; videodiscs and players;
CD-ROM programs and computer simulations; and
Quicktime. audents will use Powerpoint, Aldus Persuasion
, and Hypercard to drive presentations. They will also
becoMe familiar with telecommunications via America
Online and Internet.

The second area of focus for teacher education will be to
form a partnership with a local school system that provides
access to technology for its teachers, but finds that instruc-
tional technology is underutilized in classrooms. Following
the same approach used to assist faculty at the university,
teachers will be educated through workshops and the
development of personal projects. They will be supported
by mentors from the university and the school system. As
currently envisioned, university faculty will work in K-8
classrooms to assist teachers in their efforts. Likewise,
classroom teachers will teach in preservice courses sharing
their knowledge and skills, and personal projects with
students in the program. "Fireside chats" will be held
regularly so that the technology partnership group can

informally share information and solve problems.
This linkage between teacher educators and classroom

teachers can provide the vehicle whereby technology is put
to effective use in schools (Robinson, 1993).

Students in the teacher education program have
extensive field placement requirements beginning with their
first semester as undergraduates.

Ultimately, we would like the majority of these place-
ments to be in classrooms that use technology. As a first
step, we intend to place teacher interns with cooperating
teachers who have been a part of the technology partnership.
This collaboration will help to ensure continuity and
progress in the knowledge, skills, and attitudes that students
acquire.

In Summary
The building of a technology classroom has greatly

enhanced the ability of teacher educators to serve as role
models in integrating technology in teaching and learning.
The building of the classroom contributed to the momentum
for establishing a technology partnership with local schools
as well. Moreover, the classroom has provided the impetus
for design of a faculty development program that supports
educators as they develop new and unique additions to their
content areas. Ultimately, the success of the integration of
instructional technology depends on faculty development.
Similarly, for preservice teachers, the ability to deliver
technology rich curriculum depends on the knowledge,
skills, and attitudes acquired during undergraduate educa-
tion.

Plans for future growth in instructional technology
include the addition of a Mac lab, development of outreach
programs for local teachers through a technology partner-
ship of teacher educators and area school systems, and field
experiences for preservice students that highlight the
integration of technology for teaching and learning.
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Helping Teachers Become
Distance Learning

Teachers

William Valmont,
University of Arizona

Distance learning has been an alternative to classroom
instruction since the early 1800s, first in the form of
correspondence courses and then mom recently as
audiotaped or live radio and videotaped or live television
courses. Much of the history of distance learning typically
has dealt with delivering instruction to young adults and,
increasingly, to older adults. Both large and small colleges
usually have "continuing education" departments wherein
production specialists and faculty members coordinate
efforts to teach students who do not go to a campus for face-
to-face study. As recent technologies have become more
available and affordable, distance learning courses have
become more elaborate and interactive. Schieman and
Jones (1993) state that "in reviewing the literature of the
distance education field for the past decade and a half, one is
struck by the changes from what once was largely corre-
spondence courses to what are now sophisticated worksta-
tions and network teleconference services" (p. 3).

Today, there is a growing interest in using recently
developed telecommunications and interactive video
technologies to deliver instruction both within and between
K-12 school systems. At the high school level, many of the
techniques and strategies of traditional distance learning
may apply with few modifications. If distance learning is to
be delivered to the youngest school-aged children, however,
there is a need for careful studies of what can and cannot be
accomplished using distan_ _ learning techniques. Further-
more, kindergarten through twelfth-grade teachers, who
typically have had no experience with distance learning
strategies and techniques, must learn how to deliver
instruction in new ways.

There is a pressing need to make technology training
part of teacher preparation programs. Many of today's
school teachers are self-taught when it comes to working
with computers, video, telecommunications, and other
recent developments such as CD-ROM materials. They
have had few opportunities to learn about these develop-
ments in their teacher preparation programs. Many profes-
sors of education, too, have had to study and experiment
alone in order to learn what the newest technologies can and
cannot do. Both education faculty members and students
will benefit from participating in a course which prepares
teachers to work in distance learning environments.

This paper explores efforts by the College of Education
at the University of Arizona to create a distance learning
course designed for K-12 pre-service teachers. Although
there are many outcomes possible in such a course, the
following are seen as a few of the major objectives of a
course attempting to prepare distance learning instructors:
1. To understand distance learning technologies.
2. To learn teaching techniques and strategies appropriate

in a telecommunications-based setting.
3. To practice and polish communication skills needed

when using distance learning equipment.

Many worthwhile class activities are possible, but these
activities seem particularly appropriate to include in a
course preparing clistance learning instructors:
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1. Modeling distance learning instructional techniques.
2. Planning and preparing distance learning lessons using

current technology.
3. Teaching in and being a student in a distance learning

classroom.
4. Interviewing and discussing experiences of students who

have taken distance learning courses.
5. Learning from experienced mentors the practicalities of

being a distance learning educator.

Several major course components must be considered
when preparing teachers to work in a high-tech facility
designed to enhance distance learning with younger
learners. Majcir components to be included are: (1) helping
teachers use current technologies for instructional purposes,
(2) designing instructional settings that facilitate learning
both inside and outside that setting, (3) creating distance
learning courses or instructional modules, (4) creating a
teacher/pupil context conducive for delivering and receiving
educational experiences, including lectures and other
instructional materials, (5) learning how to elicit full
participation during interactive learning sessions, (6)
providing feedback to students, and (7) planning for the
evaluation of students, teachers, the course, and the tech-
nologies used.

Learning to Use Technology in Teaching
Technology gives teachers more ways to deliver

effective instruction. Pittman (1991) cautions, however,
that "... the various media of instruction are only tools.
Their successful and productive use depends upon the
quality of teaching and content, not the newest miracles of
communications" (p. 31). Meade (1991) echoes this idea
saying that, "computers, videodiscs, videocassette record-
ersall the fancy hardware and software often lumped
together under the term 'educational technology'represent
nothing more than tools to enhance teaching and learning.
Without ready and willing teachers, technology can
accomplish nothing" (p. 30).

It behooves colleges of education to help preservice and
in-service teachers learn to use new teaching tools. The
following are some of the more important pieces of
equipment distance educators must learn to operate and use
to good advantage.
1. A control system containing a CODEC (code/decode) for

converting analog signals to digital signals. This system
houses compression and decompression software, a
telephone line connection, audio-video inputs, and a
control panel. The unit also has software which permits
the instructor to direct all local and remote cameras on
the system. Additionally, the control system co !tains
software for voice activation from distant sites that
switches locations when individuals speak.

2. Monitors which show students at the remote site, and
monitors which, at various times, show the instructor,
graphics, videotapes being used, etc., as well as the local
site students.

3. Multiple video cameras. Cameras need to be placed
strategically to include everything of interest in the local
and remote settings.

4. An ELMO visual presenter. This piece of equipment is a
display camera capable of showing text, graphics, and
three-dimensional objects. This unit operates through
the control pmel, making it possible for remote students
to add to or alter graphics during discussions.

5. A multimedia computer with a CD-ROM, sound card,
ethernet card, and speakers. This computer is necessary
for using presentation software, permitting students to
see and hear multimedia presentations as well as to see
spreadsheets, databases, text and graphics, and statistical
packages.

6. A laser printer. This can be used for the instantaneous
generation of course materials, directions, etc.

7. Video cassette recorders (VCR). One VCR can be used
to play instructional tapes and another can be used to
videotape the class in progress.

8. A laserdisc player. This piece of equipment can be used
to expose students to much of the information that is
encoded in this medium today.

9. An audio cassette player for use when tape recorded
sound is an important part of instruction.

10. A telephone, telephone line, and FAX machine. These
items help establish voice communication with remote
sites or to send visual information prior to or after live
transmissions of the course.

11. Ethernet lines. Several ethernet lines (with computers)
can be used by teachers and students to access Internet,
Bitnet, or other carriers of telecommunications.

The Setting
There are two types of settings involved in distance

learning. One is the origination site at which the instructor
and possibly some of the students are located, and the other
is the remote site or sites where other students participate in
the educational experience. Both sites need to be fully
equipped so that there can be interaction among the
participants. This means that there must be cameras, sound
equipment, monitors, etc. at both sites.

Teachers learning about distance teaching need to
become aware of the importance of the setting as it affects
learning. Price (1991) indicates several important factors
which must be taken into consideration when designing
video classrooms. They are: audio, lighting, room arrange-
ment, seating, and decor. To ensure quality sound, he says
that "the goals of good acoustic design are to keep out
exterior noise, limit extraneous noise, and control echoes
between walls, floors, and ceilings" (p. 15). Careful
selection of a quiet room is a first priority. Then, the room
should be outfitted with quiet ventilation equipment, quiet
lighting, durable equipment, and comfortable furniture.
Echoes can be controlled with acoustical ceiling tiles,
carpets, and acoustical wall coverings on non-parallel walls.

Lighting should be designed so that banks of lights can
be turned on or offor dimmedindependently. Lights
should be placed so they eliminate shadows on people or
sets. Backlighting is desirable in improving the image on
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television. Indirect lighting which is bounced off a white
ceiling is often desirable.

Interaction by all participants can be encouraged through
the use of two-way interactive compressed video. With the
relatively recent marriage of computers and television it is
now possible to watch on a computer monitor either live
television or taped video images as well as computer
generated text, animation, and graphics. It is possible for
students to sit in front of a computer at their remote sites and
view their instructor on one portion of their computer
screens while they work on computer generated lessons.
With headsets and microphones built into individual
workstations, many of the visual and hearing problems often
associated with distance learning may disappear.

Regardless of the equipment, the use of a room is
ultimately for the delivery of instruction, and the needs of
instruction come before many other factors. Price (1991)
notes that the room arrangement "needs to take into
consideration the content to be offered, the instructional
methods, the number of participants, and the technology to
be used" (p. 17). Therefore, the setting must truly accom-
modate learning and people as well as equipment.

Course/Module Planning
Planning effective instruction is a key part of learning to

become a distance educator. Often, a team approach to
course development is used. Such teams include content
area specialists, teachers, instructional designers, and
technicians. Pittman (1991) says:

First, intelligent course and program design is
essential. Programming should not be designed to
meet the specifications demanded by preselected
medium and format. Instead, it should be designed
to achieve realistic learning objectives and to be
responsive to the realities of the target audience.
(p.34)
There are many considerations to deal with in planning

instruction that involves distance learning. Some of the
major considerations are: lack of face-to-face interaction
with students, student access to course references and other
materials, release time to prepare an entire course in
advance, preparation of graphics and other instructional
aids, and emergency plans for those times when equipment
is not functioning.

Schieman and Jones (1993) say:
Most certainly the absence of face-to-face visual
contact between instructor and learner affects how
the instructor paces the lesson if visual communica-
tion clues are missing and the learner does not have
the visual contact which would normally accompany
instructor's explanations. (p. 4)
Even using two-way interactive television, teachers need

to realize that in distance learning they will have little first-
hand contact with their students. This may be one of the
most challenging psychological aspects of teaching K-12
students through technology.

Schieman and Jones (1993) note that access to refer-
ences and other resources is often a major problem for
distance learners. They state, however, that "systems, such

as online search facilities capable of remote data base
searches, whether on magnetic tape or optical disc, are
available. Ultimately correspondence packages could
contain such innovations as CD-ROM discs with lessons,
databases and other reference resources" (p. 9).

A course about distance learning must include instruc-
tion in all of those technologies which can be used to access
and transmit course information as well as reference
information.

The Teaching/Learning Context
Porter and Brophy (1988) reported major research

findings concerning good teaching and good teachers. Their
findings, in part, include the notions that teachers:

... clarify their instructional goals, know about their
content and the strategies for teaching it; communicate to
their students what is expected of them and why; know .

about their students, adapting instruction to their needs and
anticipating misconceptions in their existing knowledge;
teach students metacognitive strategies and give them
opportunities to master them; address higher, as well as
lower, level cognitive objectives; monitor students' under-
standing by offering regular appropriate feedback; and
accept responsibility for student outcomes. (pp. 74-85)

These important teacher qualities must be discussed and
made a vital part of a course which deals with distance
teaching. Without the basic qualities of an excellent
teacher, a distance teacher's effectiveness is questionable.

Schieman and Jones (1993) identified several of the
most pertinent areas that instructional designers must
consider. They are:

... learning styles of the learners, isolation experienced
by the learner who is physically separated from the instruc-
tor, lack of ample feedback, pacing of the course, learner
control over the speed of the course, lack of interaction
between the learner and the instructor. (pp. 4-6)

The teaching-learning context which must be created for
distance teaching is extremely complex, and teachers need
to examine the psychological aspects of being a distance
teacher. They also need to gain an understanding of the
psychological aspects of being a student in a distance
learning situation.

Teacher-Pupil Interactions
The distance teaching environment presents a challenge

in terms of teachers interacting frequently with their
students. Sometimes the equipment or the distance gets in
the way. Price (1991) notes that "the plan and arrangement
of a space will greatly affect the social behavior that takes
place within it. For example, a classroom with fixed chairs
facing toward a podium will support a lecture format, but
will discourage group discussion" (p. 17).

Distance teachers need to learn that much of the
interaction is between the students and the course materials.
Winders (1988) notes:

Since the tutor is not present to explain details, or
guide the student, course material must be well

The student must be able to see clearly the
aims of a unit, how he will achieve these aims and
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how he is progres3ing. Units must be structured to
facilitate ordered progression. In some subjects order
is inherent and the student must progress along a set
path with occasional leinforcement of areas he finds
difficult. For many subjects, however, dialogue and
diversification are possible and in some subjects
essential. (p. 156)

Bishop-Clark and Huston (1993) discuss a course in
which students participated in using electronic mail, an
electronic WIletin board, and electronic conferencing
systems such as EDTECH and KIDSNET. From their
experience in this course they state that:

the telecommunication environment works best for
students who have easy access I-) a computer with a modem.
Several of the convenience advantages are moot if using E-
mail requires a trip to campus. Students who do not type are
at a disadvantage and some students simply prefer to
communicate face to face. (p. 256)

Distance teachers must be among the forefront in
modeling the role of facilitatornot simply transmitterof
education. Rossman and Brady (1993) report that:

Today's changing educational environment also requires
consideration in classroom design. Trends in education
towards collaborative learning and an increasing change in
instructors' role from the disseminator of information to
becoming a 'student coach' must be taken into account
when making plans for distant learning classrooms. (p. 1)

Providing Feedback
Schieman and Jones (1993) note that "Feedback has

been shown to be a very powerful component in the
learning process and has been perhaps the greatest obstacle
to the embracing of diitance education" (p. 10). Distance
teachers must learn to use all telecommunications channels
to provide ample feedback to their students.

Evaluation
Shaeffer and Farr (1993) state that "because it is

generally accepted that teaching via technology different
than teaching face to face, ... we believe that faculty
development is prerequisite to any evaluation program" (p.
79). They describe the faculty development program at the

University of Wyoming as including three components.
recruitment and precourse discussions with faculty,
presemester seminars/workshops, and on-going coaching.

Evaluation of instructors at the University of Wyoming
is both formative and summative. There is class-by-class
feedback from students via the use of feedback sheets which
ask students to appraise the success of specific class
sessions. A midterm evaluation is conducted by the
instructional designer and is a more formal evaluation. An
end-of-the-course student evaluation permits students to tell
what they liked or disliked about the course and the
technology used to deliver it. An end-of-the-course
instructor evaluation permits self-appraisal as well as an
opportunity for the instructor to make suggestions which

might be helpful to others.
Verduin and Clark (1991) summarize several challenges

that distance educators must overcome. One challenge is
that "distance educators should develop models or frame-
works for judging the appropriateness of new technology
applications in their field, rather than assuming that use of
new distance technology will revolutionize learning" (p.
202). Planning a course to help teachers become distance
educators is a both a theoretical and technical challenge.
Not only must there be a firm foundation of teaching and
curriculum planning, but there are a host of other teaching/
learning factors which must be addressed. On top of this is
the need to help distance teachers learn to effectively utilize
today's rapidly evolving technologies in the absence of
empirical studies which validate their value. It is hoped that
the course under development at the University of Arizona
will ultimately prepare teachers who are capable of effec-
tively using all of the tools that technology is making
available to teachers today.

References
Bishop-Clark, C., & Huston, B. (1993). Using telecommunica-

tions in teacher education. Journal of Technology and
Teacher Education, 1(3), 251-257.

Meade, J. (1991). Mining in, logging on: The first step: getting
over 'technophobia' Teacher Magazine, 2(4), 30-31.

Pittman, V. (1991). Forum: Distance education and diversity:
Belaboring the obvious. Journal of Adult Education, 19(2),
31-35.

Porter, A. C., & Brophy, J. (1988). Synthesis of research on good
teaching: Insights fmm the work of the institute for research
on teaching. Education Leadership, 6, 74-85.

Price, M. A. (1991). Designing video classrooms. Adult
Learning, 2(4), 15-19.

Rossman, M., & Brady, K. (1993). Media conferencing:
Classroom designs for education. Portland, Oregon: U. S.
West Communications.

Shaeffer, J. M., & Farr, C. W. (1993). Evaluation: A key piece in
the distance education puzzle. T H. E. Technological
Horizons in Education Journal, 20(9), 79-82.

Schieman, E., & Jones. T. (1993). Learning at a distance: Issues
for the instructional designer. Journal of Adult Education,
21(2), 3-13.

Verduin, J. R., & Clark, T. A. (1991). Distance education: The
foundations of effective practice. San Francisco: Jossey-Bass
Publishers.

Winders, R. (1988). Information technology in the delivery of
distance education and training. Berrycroft, Soham Ely.
Cambs: Peter Francis Publishers, Orchard House.

William Valmont is Professor and Director of Technology,
College of Education, The University of Arizona, Tucson,
AZ 85721, e-mail: wvalmont@ccitarizona.edu.

Preservice Teacher Education 211



4

Integration of Technology
and Education:

A Student's Perspective on
Distance Learning

Nicole Leigh Morgan
Southwest Texas State University

My Mother says I came out of the delivery room
wanting to be a teacher. My desire to teach continued as I
grew. As a child, I organized classrooms, recruited
students, and taught at every opportunity. I can't remember
a time I didn't have the desire to become an educator. I
want to be able to help children to learn. I want to be a
teacher!

Two years ago, as a senior at San Marcos High School,
my vision of education and teaching was expanded. I was
introduced to both the concept and the reality of distance
education. I was invited to be present during a "hot test" of
a completely interactive classroom at San Marcos High
School.

I was enthralled with the interactive television (ITV)
classroom and the arrangement of the technology within the
classroom. I was most impressed with the comfortable
feeling I had when the system was activated. There was not
a stiff, delayed, or "video" feeling during transmission. I
had never had a classroom experience to compare with what
I was experiencing that day.

The transmission was spontaneous and natural. I felt I
could readily communicate with the individuals at the other
sights. I began to imagine many applications for the use of
this technology. I decided at that time, I wanted more
training in the use of interactive technology and distance
learning.

I am currently in the process of making both of my
dreams a reality. I am 18 years old, and I am a sophomore
at Southwest Texas State University located in San Marcos,
Texas. I am working toward a degree in elementary
education with a specialization in music.

Attending Southwest Texas State University provides
me with an education that meets my individual goals.
Along with my education classes I also have the opportunity
to learn how to integrate technology in the classroom. I feel
my educational opportunities at Southwest Texas are unique
for two reasons. First, the instruction from the Education
Department is respected both within the state of Texas and
nationwide. Second, Southwest Texas is a founding and
actively participafing partner in the TeleCommUNITY ITV
Network.

The TeleComrnUNITY ITV Network was established in
San Marcos, Texas in 1991. The network is a collaborative
partnership between the San Marcos Consolidated Indepen-
dent School District, Southwest Texas State University,
Gary Job Corps, and Century Telephone Company. Each
TeleComrnUNITY Network partner shares the cost of
maintaining and operating the network

The ITV classrooms are located in the San Marcos High
School, Bowie Elementary School, Gary Job Corps, the
Southwest Texas State University education building, and
the university library. The various sites are linked by digital
fiber optics. Other classrooms are in the planning stage.

An educator teaching a class inside an ITV classroom
can be simultaneously projected into any or all of the other
classrooms. A teacher can instruct students at many
different sites simultaneously. The students attending the
class in the originating and remote classrooms can commu-
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nicate equally with the instructor. The students can also
interact freely with one another.

The name interactive television literally applies to the
state-of-the-art TeleCommUNITY classrooms. Students
and teachers in San Marcos freely interact with one another
via the only full-motion continuous presence interactive
television network in the state of Texas.

ITV technology permits students enrolled in one
institution to obtain instruction from another institutional
partner without leaving their own campus. This is distance
learning. Distance learning uses technology for transferring
concepts, skills, and curriculum to students, who are
separated by distance from their instructor.

The TeleCommUNITY ITV Network was originally
designed with three specific benefits in mind:
1. Present high school students with the option of taking a

course that would furnish credit for both high school and
college. These dual enrollment courses would originate
at the University and would be simultaneously taught to
a class of Southwest Texas students.

2. Give college and high school teachers the opportunity to
increase their professional skills and develop new skills
related to technology. The inservice and professional
development projects could include collaborative efforts
between university professors and high school teachers.
These educators could share a classroom and team teach
though separated by distance.

3. Provide the students of Gary Job Corps, a federally
funded institution, with the opportunity to participate in
high school classes while remaining on their own
--mpus. They could qualify to receive a high school
diploma instead of receiving a General Equivalency
Diploma (GED).

At first glance, the ITV classroom appears to be a
traditional classroom. A closer inspection reveals a
multimedia teaching platform at the front of the room and
two groups of television monitors. Each group consists of
three television sets. One group of sets is arranged beside
the teaching platform, facing the classroom, and viewed by
the students. Students can view a teacher in a remote
classroom, distant classmates, audio-visual presentations, or
demonstrations. All these scenes can be watched simulta-
neously.

The other grouping of televisions is mounted from the
ceiling over the heads of the students or placed on a stand in
the rear of the classroom. This group of television monitors
is stationed to be viewed by the teacher. Remote class-
rooms, presentations, or the teacher's own performance can
be viewed on these sets.

Three small cameras are stationed within the classroom.
One camera focuses on the teacher, one focuses on the class,

and the third aims straight down onto the teaching platform.
The cameras are maneuvered and directed by fingertip
touch controls located on the platform.

There is an option available which attaches a tracking

r:, o

device to one of the cameras. The teacher can wear a tiny,
wireless chip that permits the camera to follow her move-
ments around the classroom automatically. She can move
freely, but always be within sight of her remote students.

Graphs, charts, demonstrations, handouts, homework,
writing samples, small items, or experiments can be viewed
by the camera mounted directly above the teachins stand.
There is no more need for dusty chalk or smelly markers!
The camera has very simple controls with wide angle and
telephoto ranges available. I can easily imagine a long
distance show and tell hour.

All these cameras, television sets, and controls can seem
intimidating, but I have found them very easy to use. My
fellow students and I quickly learned to manipulate the
cameras during a class presentation. The teaching platform
and the controls are designed for simplicity of use.

The teacher wears a wireless microphone and small
choir microphones hang from the ceiling of each classroom.
These microphones are so sensitive a student whispering
can be heard by the teacher many miles away. This feature
has obvious advantages to the teaching staff!

As with the video transmission, there is no time lapse in
the transmission of sound. This creates a very comfortable,
conversational atmosphere in the remote classrooms.

The TeleCommUNITY Network also utilizes a data link
that allows the classroom computers in distance locations to
share screens and easily transfer data. These data transmis-
sions travel over the same fiber optic facilities the voice and
video transmissions use.

The teaching stand contains a VCR and multimedia
laser disk player. Audio-visual aids can be played at one
location and seen at another. The VCR is available to
record anything showing on the television monitors.
Classroom activities can be recorded. I think these tapes
could be extremely helpful when a test is administered, a
parent conference is conducted, or a teacher is being
evaluated.

Some circumstances might allow the technological
delivery to overshadow the message of the instructor.
Students could easily focus on hardware and classroom
facilities instead of the instruction being delivered. The
comfortable classroom setting in San Marcos and the easily
maneuvered machinery does not overwhelm the instruction.
Instead it creates a warm "you are here and I am there"
feeling. Students and teacher can develop a friendly,
personal atmosphere, despite the many miles of physical
separation.

Last semester, I had the opportunity to be a student
attending a lecture in a remote classroom. One of my
professors, Dr. Judy Leavell, had my class attend a lecture
by a visiting professor. We were in an ITV classroom on
campus and he spoke from the Professional Development
Center at Bowie Elementary. Two groups were instructed
simultaneously in a very efficient, competent, comfortable
manner. I enjoyed watching the ITV system come alive in
my own classroom.

I believe most students are completely at ease in a
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classroom filled with technology. Many of them have
experienced television, videos, camcorders, video games
and computers both at home and in school. Technology in
the classroom is a natural for these students. I've even
wondered if students will not perform at an improved level
in a multimedia classroom. After all, these children
frequently find their entertainment with the same technol-
ogy used in the classroom. They may watch videos, play
interactive video games, use computers, and view futuristic
shows that portray people communicating through technol-
ogy.

Mr. Curtis Wubbena is a teacher at Bowie Elementary in
San Marcos. He has taken his fourth &rade class into the
ITV classroom at Bowie several times this school year.
According to Mr. Wubbena, the children love being in the
room and are eager to go back. The first time the children
visited the classroom they focused on watching themselves
on the monitor screen and wanted to understand how the
cameras function. However, during later sessions in the
ITV room, the children appeared comfortable and remained
on task. Mr. Wubbena feels his class has no fears or qualms
about using the technology available to them.

Mr. Wubbena's class recently held a special activity
using the ITV Network. Following a wcrkshop on the
writing process, the fourth graders made presentations from
the teacher's stand and were observed by education students
at Southwest Texas. The elementary students and the future
teachers then discussed the writing process with one another
using the interactive network in their classrooms. Mr.
Wubbena feels his students are gaining valuable experience
in learning to make public presentations.

I also had the opportunity to be a presenter over the ITV
Network last semester. Three of my classmates and I
presented a group project on distance learning and more
specifically the TeleCommUNITY Network. Using two
classrooms separated by several miles, we were able to
demonstrate the system while reporting on our research.

I thoroughly enjoyed doing the presentation. I learned
more about the ITV system and I discovered how quickly
we could familiarize ourselves with the controls operating
the cameras and sound. It was amazingly comfortable to
present our research on camera. I especially enjoyed the
question and answer period. I liked the challenge of
listening to questions, formulating answers, and focusing
cameras at the same time. Given the number of students
who came up at the end of class to experiment with the
teaching platform and the cameras, I think the class enjoyed
the technology.

I think the ITV distance learning system is the education
environment of the future. I can imagine the advantages of
having this system in wide use. Children and adults would
be able to receive a valuable a education wherever they
might live. Rural students could expect to receive the same
diversity of classes urban students receive. I feel providing
each child an equal chance to obtain a quality education
should be our greatest goal.

Other advantages of distance learning could be in
allowing advanced high school students to begin taking

college classes without leaving their high school campus.
This occurs every day in San Marcos. Challenged students
could receive curriculum tailored to their learning styles.
Students everywhere could benefit by taking specialty
classes.

Another value to the system might be to ensure classes
can be taught by subject matter experts. Latin, Russian, and
microbiology classes could be offered and these classes
could be taught by subject matter experts. When I was in
high school my English class was taught by a track coach. I
vividly remember precious class time being spent in
discussions about track meets.

Distance education systems will probably only succeed
as teachers are prepared to use the technology available in
the classroom. The Southwest Texas Center for Professional
Development and Technology, at Bowie Elementary
School, is available to assist in training educators. The
center includes an ITV classroom.

In 1992, Southwest Texas was one of the eight universi-
ties selected to participate in a Texas EduCation Agency
grant. The Agency wanted to develop a new teacher
education program which was field based, technology rich,
and innovative. The grant's goal was to restructure teacher
education, prepare education majors to student teach, and to
bring technology into the classroom. Several elementary
and Jr. high schools participate in this program with
Southwest Texas.

Patricia Curtin, Professional Development Center
director explained the "block classes" available to South-
west Texas education majors. Twice a week education
majors enrolled in block classes learn about teaching
through interaction with children in a real, live classroom.
The first part of the day is spent assisting in a classroom
supervised by an inservice teacher. The block students then
meet with each other in a separate classroom and are
instructed by an education professor from Southwest Texas.

This program allows education majors to receive
instruction from the University, while gaining valuable
hands-on experience in a real classroom. Another advan-
tage is spending time with teachers already in the field. The
inservice teachers do so much to educate future teachers.
When the time comes, student teachers will be veterans in
the classroom, not newcomers. I want to be able to
participate in this program next fall.

My dean, Dr. John Beck, discussed with me the future
of education and the changes he envisions. According to
Dr. Beck, ITV will change the traditional methods of
classroom teaching. My imagination expanded after talking
to Dr. Beck, and I thought about the need for discipline in a
remote classroom. I think one solution is a specially trained
expert.

A "Classroom Management Specialist" (my proposed
title) would assist the teacher in the remote classroom. A
Classroom Management Specialist would need to be well
trained. I suggest he or she have an associate's degree. The
degree would need to focus on developmental psychology,
sociology, appropriate discipline techniques, and general
education studies. The specialist would confer with the
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teacher to assist in meeting educational goals. Classroom
behavior could be monitored while using the ITV system.
Individual attention and help could be offered by this
teaching assistant.

I'm sure as the innovations in technology continue many
changes in the structure of the classroom will occur. I
appreciate Dr. Beck's stimulation of my thinking about how
I would operate a remote classroom.

In three years. I hope to have a classroom of my
own. Before I was introduced to the ITV system, I envi-
sioned myself as a local school teacher. I imagined myself
teaching and influencing students within my own commu-
nity, but with an ITV distance learning system I could
influence and teach children anywhere in the world.

Through this system children and their parents in third-
world countries could be educated. Perhaps, we could
overcome bigotry with multicultural remote classrooms.
Even the regional differences in the United States could be
better understood if students shared classrooms. We might
even improve the image of school most students have now.

The TeleCommUNITY Network has been used
successfully to help "at risk" high school students in
changing their opinion of school. In 1992 under a grant
called PATH Math(Partnerships for Access to Higher
Mathematics), San Marcos High students were taught pre-
Algebra skills over the system. The students had measurably
increased math skills and an improved attitude about
school(Lloyd, 1992).

Perhaps, we could wipe out illiteracy. The whole world
could become a better place to live. There are children
around the world, and in our own country, who currently
have no means of receiving a quality education. Perhaps
now, we can provide this education. The
TeleCommUNITY Network suggests we "move the
information, not the people."

Educators are in the unique position to develop the
leaders of tomorrow. Until now, an educator's influence
has been almost limited to a single school. What a differ-
ence technology makes! Now children anywhere can be
instructed and assisted. I want to be a part of this vision. I
want to help create the curriculum and techniques used with
the multimedia ITV system. I want to be able to influence
and change lives.

The TeleCommUNITY ITV Network can sound
futuristic, but in San Marcos it functions everyday. Classes
are being taught using the multimedia system. I know I
sound like an idealistic student, but the ITV system really
works. I see it happening. I'm grateful for the exposure I
have had to the TeleCommUNITY Network. And I am
grateful for the training I am receiving at Southwest Texas
State University. The education of tomorrow is here today.

I am excited to be a part of the future of education!
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Two-way Televisoin:
Linking Preservice

Teachers to Real World
Schools

Margaret A. McDevitt
University of Massachusetts Lowell

Since 1986, the University of Massachusetts Lowell's
two-way television Instructional Network (McDevitt &
Mazzola, 1990) has been providing curriculum enhance-
ment and staff development opportunities to elementary and
secondary schools in the Northeast corner of Massachusetts.
Currently, the Instructional Network links eleven geographi-
cally separate public school districts and four University
campuses with simultaneous, interactive video and audio
signals; teachers and students at one location can both see
and hear their counterparts at other locations. Ongoing
programs are designed to update teacher content knowledge
in specific science topics, introduce advanced level high
school science students to the vast resources of the Univer-
sity of Massachusetts Lowell, or allow elementary teachers
to share expertise between and among individual school
districts. While these types of programs typically receive
the most attention among distance :earning researchers,
teleconununications technology also has the potential to
provide colleges of teacher education a window to the real
world of schools from pre-K to post graduate level. At the
same time, the technological links between schools and
colleges also have the potential to link two distinct areas of
research: distance learning and teacher education. Recog-
nizing this, the Instructional Network has designed a field
experience model which utilizes two-way television to
prepare preservice teachers for the real world of schools

Researchers in the field of preservice teacher education
(Dixon & Ishler, 1992; Holmes Group, 1990; Levine, 1990;
and others) present professional development school
models, similar to the clinical model of medical schools, to
improve the preparation of preservice teachers. These
models suggest that early field experiences can provide
meaningful connections between preservice teacher
education programs and the real world of schools. Drawing
on perspectives from research in teacher education, specifi-
cally that done on professional development schools and
distance learning, this paper will describe the technology-
mediated early field experience model currently in place at
the University of Massachusetts Lowell. The theoretical
framework the model is based on suggests that effective
links between colleges of teacher education and the real
world of schools can be forged from theories of teaching
education and distance learning to guide aspiringand
veteranteachers as they develop a repertoire of effective
teaching practices.

Methodology
The Miles and Hubenrian (1984) multimethod design

provides the conceptual framework that informs this study.
It is becoming more apparent that a multimethod research
design is demanded by technology-driven educational
projects. The need to gather useful data that is both
formative, to inform planners during the innovation stage,
and sumrnative, to assess overall program effectiveness is
ongoing and significant. Conceptually, this study includes
both qualitative and quantitative procedures to insure that
the data collected are both exploratory and confirmatory.
T'he cornerstone of this research is a description of the two-
way television early field experience model. In a first
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teacher to assist in meeting educational goals. Classroom
behavior could be monitored while using the ITV system.
Individual attention and help could be offered by this ,

teaching assistant.
I'm sure as the innovations in technology continue many

changes in the structure of the classroom will occur. I
appreciate Dr. Beck's stimulation of my thinking about how
I would operate a remote classroom.

In three years, I hope to have a classroom of my
own. Before I was introduced to the ITV system, I envi-
sioned myself as a local school teacher. t imagined myself
teaching and influencing students within my own commu-
nity, but with an ITV distance learning system I could
influence and teach children anywhere in the world.

Through this system children and their parents in third-
world countries could be educated. Perhaps, we could
overcome bigotry with multicultural remote classrooms.
Even the regional differences in the United States could be
better understood if students shared classrooms. We might
ever' improve the image of sehool most students have now.

The TeleCommUNITY Network has been used
successfully to help "at risk" high school students in
changing their opinion of school: In 1992 under a grant
called PATH Math(Partnerships 'for Access to Higher
Mathematics), San Marcos High gtudents were taught pre-
Algebra skills over the system. The students had measurably
increased math skills and an improved attitude about
school(Lloyd, 1992).

Perhaps, we could wipe out illiteracy. The whole world
could become a better place to live. There are children
around the world, and in our own country, who currently
have no means of receiving a quality education. Perhaps
now, we can provide this education. The
TeleCommUNITY Network suggests we "move the
information, not dile people."

Educators arei in the unique position to develop the
leaders of tomorrow. Until now, an educator's influence
has been almostlimited to a single school. What a differ-
ence technology makes! Now children anywhere can be
instructed and assisted. I want to be a part of this vision. I
want to help create the curriculum and techniques used with
the multimedi4 ITV system. I want to be able to influence
and change liVes.

The TeleCommIJNYIY ITV Network can sound
futuristic, but in San Marcos it functions everyday. Classes
are being taught using the multimedia system. I know I
sound like an idealistic student, but the ITV system really
works. I see it happening. I'm grateful for the exposure I
have had to the TeleCommUNITY Network. And I am
grateful for the training I am receiving at Southwest Texas
State University. The education of tomorrow is here today.
I am excited to be a part of the future of education!
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attempt to test the model, data gleaned from this description
are confirmed and analyzed via data collected during a
comparison of students' assignments and analysis of
students' surveys.

Research Questions
This study seeks to answer the following research

questions:
1. Do televised, early field experiences provide better

opportunities for preservice teachers to observe veteran
teachers implement educationally sound pedagogical
practice than the more common, in-person classroom
observations where students travel to local elementary
and secondary schools?

2. Are there differences between televised and in-person
classroom observations with regard to the amount of
time spent in the post-observation conference and the
quality of the post-observation conference between the
preservice teacher and the classroom teacher?

Sample Selection
As a data reduction procedure, sample selection serves

to insure the relevance of the data to the problem under
study. The sample in this study is comprised of forty-nine
students in the Graduate Program in Teaching who will
earn a master's degree in June 1995 and be eligible for
Massachusetts certification as elementary teachers. The
students range in age from 22 to 50+ years. Four students
are male and forty-five are female. Students enter the

program least an undergraduate degree, generally in
the liberal arts.

Instrumentation.
In this studY, data were collected during a comparison

of selected written assignments from both television and in-
person classroom observations. Additionally, quantitative
data were collected from a survey designed to assess
students' perceptions of their in-person and televised
observations.

Technical Configuration of Instructional Network
The Instructional Network includes the four University

of Massachusetts Lowell campuses, linked via fiber optic
cable, and eleven school systems, connected through
existing subscriber cable companies. Since the University
has buildings in a city where the cable company serves three
contiguous communities, we were provided access to those
schools' institutional networks as part of the license
agreements. In the other eight cases, the University uses
microwave to transmit and receive signals between the hub
sites of the two cable companies that serve those communi-
ties. Technically, the network is a combination of coaxial
cable, fiber optic cable, microwave, and satellite technolo-
gies used to transmit video and audio signals.

Classroom equipment varies from a deluxe three camera
configuration, using a special effects generator and teacher
console to control the cameras with no technician needed, to

a more basicand prevalentportable configuration, using
modulators and demodulators, audio mixer, microphones, a
television, and one camera operated by a technician. There
is no charge for any Instructional Network program, nor are

there yearly subscription charges.

Program Description
While early field experiences, such as observations and

practice teaching, are a part of evc, teacher education
program, the effectiveness of these experiences has been the
subject of much discussion. Among the common concerns,
and the concerns that spawned this study, is the quality of
the observations at school sites, the lack of expert school-
teacher involvement in the preparation of future teachers,
and the lack of meaningful communications between
colleges of education and the real world of schools.

At the College of Education in the University of
Massachusetts Lowell, elementary schools are selected for
students' early field experiences by College faculty. The
individual classroom teachers chosen to be observed are
either selected by school personnel or by happenstance. All
schools are sent a copy of the student observation handbook
which details the focus of each observation and the corre-
sponding written assignment. Predictably, then, those
teachers more carefully selected may be aware of the
pedagogical focus of the visiting students' observation and
can thus prepare for the students. Teachers observed by
mere happenstance, however, are probably not aware that
the students will be looking for a specific behavior or
strategy during the observed lessons. It follows then that
preservice teachers may not benefit from early field
experiences if cooperating teachers are not providing
experiences that demonstrate pedagogical theories discussed
during methods classes. In other words, what they see is
what they get, but if it isn't what they are asked to look for,
it may be of little value to them.

Researchers share this concern and suggest that novice
teachers need to observe the effects of expert teachers'
actions in the classroom in order to develop schemata that
students will call on later to make decisions and plan actions
(Cotton & Sparks- Langer, 1993). Moore, Tullis, and
Hopkins. (1990) believe that early field experiences need to
be concrete, followed by an opportunity for feedback and
reflections, and Zeichner (1985) believes that the early field
experiences must be linked with the content methods
courses.

As a result of these concerns and the availability of
conceptual frameworks developed by teacher education
researchers to guide practice, TWO-WAY TELEVISION:
Linking Preservice Teachers to Real World Schools seeks
to expand the Professional Development School concept
and provide more opportunities for classroom teachers to
work collaboratively with college faculty to share their
expertise with preservice students without leaving their own
classrooms.

The program begins when elementary and secondary
school teachers and College of Education faculty participate
in curriculum planning sessions. At these sessions, Univer-
sity faculty and expert classroom teachers collaboratively
plan lessons that will demorstrate pedagogical theories
studied by students as part of the preservice curriculum.

The process continues when lessons that the teachers
conduct in their own classrooms are transmitted via two-
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way television to College of Educadon students located at
the University campus. Teachers and students then extend
the learning through a follow-up discussion of the televised
lesson. For example, a third grade teacher taught a lesson to
his students that modeled effective questioning strategies.
Since the lesson was scheduled for the last period of the
school day, the two-way television system was shut down
while the teacher dismissed his students. The teacher then
returned to his classroom where the two-way television
system was turned on again so that the college students and
the teacher could discuss the lesson just completed.

Results of Written Reflections
Data presented in the two tables below were gleaned

from the preservice teachers' written reflections on their
four classroom observations. Direct quotes from their
reflections are in italic as supporting documentation. For all
four observations, students observed a teacher in-person and
a teacher via two-way television, using the same criteria for
both. The focus of the first two observations was question-
ing strategies. The focus of the third and fourth observa-
tions was teaching strategies.

Questioning strategies (in-person). As Table 1
indicates, 31 students observed teachers whose questions
were limited to the lowest level of cognition. That is, the
questions asked of elementary students in the classrooms
being observed did not require them to think beyond the
level of straight recall. Only eight college students observed
teachers who asked questions ranging from the lowest to the
highest level of cognition. For the most part, the college
students felt the teachers they observed were not prepared to
model effective questioning strategies. In some cases,
students reported that the classroom teachers were not even
aware that teacher education students would be in their
classrooms to observe.

From the questioning I have observed in five weeks
we have been observing, much of it has been to keep
students' focused on doing, and learning the activity
at hand. I have not observed many higher levels of
questioning....

What struck me most about this assignment was that
every question I wrote (and I was writing furiously)
was a low level question, was asked by the teacher,
and had a wait time of (maybe) one second.

Many students were concerned that teachers did not wait
an adequate amount of time between asking the questions
and calling on students to answer. Adequate wait time is
considered central to fostering critical thinking skills and
providing equal opportunities for all students to participate
actively in class.

The children were bombarded with questions, one
right after the other, with no wait time.

Questioning strategies (2-way TV). In comparison to
in-person observations, the reflections on the television
lesson indicate 35 of the 49 teacher education students
observed the teacher employ a range of questioning skills

from the lowest to the highest level of cognition. Further,
19 of the college students were so impressed with the
teacher they observed on television that they quoted many
of his responses to his student's answers or expressions he
used to encourage students to think critically before they
responded.

The research that I have read always stressed the
importance of wait time. It is one thing to read about it, but
to see it first hand puts it into a better perspective.

However, I am pleased that I had the opportunity to see
a competent teacher in action...

Table 1
Questioning Strategies

Observation I n=49
Criterion In-Person

Observation
Two-way
Observation

Observed low level questions 31 0
Observed low & high level

questions 8 35
Quoted teacher

being observed 0 19

Teaching strategies (in-person). As Table 2 indicates,
9 teacher education students observed teachers who used
multiple teaching strategies during scheduled early field
experiences at school sites while 31 students observed
teachers who employed a single teaching strategy. Data
indicate that when only one strategy was observed it was
either teaching from a textbook, reviewing homework, or
independent student worksheets.

While watching the afternoon two-way video
conference, I observed much more powerful,
engaging, effective teaching strategies. (As com-
pared to the in-person observation conducted that
same morning.)

Observing last week's (7V] lesson with Mr. Mack
confirmed my belief about the importance of using
various strategies in the classroom.

Our observation of Mr. McEnaney's science lesson
confirms this point. (Science is not taught effectively
using textbooks and teacher-talk exclusively.)

Teaching strategies (2-way TV). In comparison to in-
person observations, the reflections on the television lesson
indicates 41 of the 49 teacher education students noted the
teacher employed multiple teaching strategies during his
lesson. Specifically, students noted the use of lecture,
effective hands-on use of an overhead projector (to illustrate
parts of a live root system) and real objects, and data
collection devices.

Real bees, WOW, what a lesson.

I thought it was a ternfic lesson that demonstrated

218 Technology and Teacher Education Annual 1994



many different types of teaching strategies ( hands-
on, lecture, cooperative learning)."

/ am very glad to have had the chance to observe this
lesson today. I feel it was valuable seeing a full
lesson and being able to see different teaching
strategies. I wasn't really able to do this in school
this morning.

Table 2
Teaching Strategies

Observation 2 n=49
Criterion In-Person

Observation
Observed multiple strategies 9
Observed single strategy 31

Two-way TV
Observati on

41
0

Post-Observation Conferences
The data confirm that observations via two-way

television are far more likely to give preservice education
students more opportunities to see specific strategies being
effectively implemented in the classroom than traditional in-
person observations. Another area in which two-way TV
observations can prove more effective is post-observation
discussion and feedback. Again, with in-person observa-
tions, cooperating teachers may or may not spend time
discussing what the preservice student has observed. Even
those who do make themselves available may not be
prepared to analyze what happened in class in terms of the
methodology on which the student is asked to focus. With
two-way TV observations, the opportunity for focused
discussion is part of the instructional design. Furthermore,
those students who are reluctant to ask questions benefit
from the discussion raised by other students' questions.

I suspect, although I didn't get a chance to ask the
teacher...

I do wish she had more time to talk with me one-on-
one, but I realize she can't. These children are
constantly demanding attention.

Results of Survey
Survey results of the 49 students who observed the

lessons on questioning and teaching strategies both in-
person and on television conflict with data gleaned from the
students' written reflections. For example, 43 students
either agreed or strongly agreed with the statement that they
would choose in-person observations over two-way
tele ision observations, although few students reported they
were able to observe educationally sound pedagogy in
practice at school sites and that often the teachers were not
aware that students would be visiting their classrooms.
Further, while 23 students indicated they did not ask
questions if the teacher was not friendly, 38 students
disagreed with the statement that they did not ask questions
because the teachers are too busy. Interestingly, 23 students

J

believed television observations were more inconspicuous
than in-person observations while 17 neither agreed nor
disagreed.

Discussion .

A systematic review of distance learning research
reveals no models of colleges of teacher education using
any type of video technology that allows college snidents to
observe elementary classrooms without leaving their college
classrooms. The University of Massachusetts Lowell model
appears to provide a cost effective, educationally sound, and
technically reliable instructional delivery system to improve
preservice teacher education programs. Results of this
preliminary research suggest that technology-mediated
observations, collaboratively planned by college faculty and
classroom teachers, can provide more opportunities for
preservice teacher education students to observe veteran
teachers implement educationally sound pedagogical
practice than the traditional in-person classroom observa-
tions where students travel to local elementary and second-
ary schools. While, as the discrepancy between students'
reflections and their survey responses suggests, nothing can
replace the immediacy of being physically present in a
classroom full of children making varied demands on their
teacher, clearly a two-way television model can provide an
element of quality control among the early field experiences
of preservice education students. Additionally, although
data from student reflections and survey responses are
contradictory in regard to opportunities to discuss and
analyze their observations, designing the technology-
mediated early field experiences to include a common
designated time for students to reflect on the observed
lesson and then discuss their perceptions of the classroom
events with expert teachers satisfies the concern of teacher
educators for more meaningful links between college
faculty and classroom teachers.

Future research is needed to:
provide guidelines for scheduling in-person and technol-

ogy mediated observations that ':.rovide just the right
balance of in-person observations which provide the
immediacy of "being there" to experience firsthand the
realities of a classroom full of children and two-way
television observations which provide specific pre-
determined examples of expert teaching;

design strategies to ensure novice and veteran teacher
discussions are beneficial and relate to the pedagogical
methods under study;

identify and examine the characteristics of effective
technology-mediated early field experiences;

identify the variety of technologies currently available to
link colleges of teacher education to the real world of
schools;

test "traditional" strategies (on-site meetings, mailings,
telephone calls, etc.) and emerging technologies (e-mail,
electronic bulletin boards, fax machines, subscriber
cable public access and education channels, etc.) to
ensure that all cooperating teachers, in person and
broadcast, are made aware of the pedagogical foci of
college students' observations.
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Beyond the findings reported here, results from a study
of technology-mediated observations provide an opportunity
for university and school-based personnel to discuss a
model for early field experiences which takes advantage of
distance learning capabilities and weds them with the
professional-development concept to ensure a meaningful
link between preservice teacher education programs and the
real world of schools. The model developed at the Univer-
sity of Massachusetts Lowell may become the foundation
on which participants can build professional development
models at their home institutions that will allow both
inexperienced and veteran teachers to continually broaden
and enhance their teaching repertoire through direct
observation of and discussion with expert teachers employ-
ing successful strategies in the real world of the classroom.
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Microteaching, begun in the early 1960's at Stanfoni
University, reached its peak in the late 1960's and early
1970's. In its purest form, students teach a scaled-down
lesson of five to twenty minutes while focusing on particular
teaching skills, such as questioning, presentation, or
providing feedback to students. After teaching the lesson,
the students receive feedback on their performance from
supervisors and peers and by viewing a videotape of their
performance (Perlberg, 1988). Microteaching is most often
used to teach discrete skills before interning and the first
year of teaching. Research results on the effectiveness of
this technique have been mixed, with no significant
increases in skill attainment generally being observed
(Cruickshank and Metcalf, 1990).

This paper describes a different use of microteaching,
shifting the emphasis from teaching discrete skills to
preparing students for successful field experiences. Our
goal is to help them coordinate the skills, concepts, and
values learned in the college classroom into an integrated,
harmonious, effective lesson in the public school. We first
outline the theoretical basis for this approach and then
suggest principles for effective implementation.

Theoretical Basis for Microteaching
Cruickshank (1986) describes several levels of experi-

ence in teacher education: (1) Concrete-real"first-hand"
experiences such as student teaching and certain field and
clinical experiences; (2) Concrete-modeled--simulated
teaching experiences, such as role-play, microteaching, and
simulations; (3) Vicariousobservations of others teaching
live in classrooms or on tape, and (4) Abstractlectures,
case studies, discussions, traditional computer-assisted
instruction, and recitations. Traditionally, most teacher
education programs have relied heavily on abstract instruc-
tional strategies prior to student teaching, mainly lecture and
discussion (Cruickshank, 1986; Smith, 1987), with few, if
any, c crete-modeled experiences. As the number of
concrete-real experiences increases (Evertson, 1990),
microteaching is one of several possible concrete-modeled
experiences that can allow preservice students to practice
their teaching in a simplified and risk-free environment.
Videotaping the microteaching augments the experience,
providing the students with more detailed feedback on their
performance.

Overview of the Microteaching
Experience

In each of our methods courses we have adapted
traditional microteaching to meet the needs of students
preparing to complete their field experience. In the reading
methods course, students microteach two lessons several
weeks apart using a specific reading technique such as
Directed Reading-Thinking Activity (DR-TA). After each
lesson the instructor and students have individual confer-
ences to set goals for improvement. The microteaching
sessions serve as a rehearsal for a similar reading lesson in
an elementary classroom taught later in the semester.

In a combined language arts and general methods
course, students first microteach a prewriting lesson. They

-)a
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set teaching goals for the semester Z.t an individual confer-
ence with the instructor and then go in teams of three to
teach ten lessons in an elementary classroom or after-school
program. At the end of the semester, they microteach
another prewriting lesson and have a conference with the
instructor to evaluate their progress on their individual
goals.

In both classes, the first microteaching experience takes
place within the first three to four weeks of the semester.
The instructor first demonstrates the type of lesson or
teaching skill to be included in microteaching. Each student
then plans a 10-12 minute lesson and receives feedback on
the draft from the instructor. Teaching teams of 3-5
students sign up for one hour in the microteaching labora-
tory. On the day they microteach, the team members bring
additional students to form a class of at least five learners
and teach their lessons which are videotaped by a techni-
cian. The microteacher and learners view the videotape and
complete a review form. A few days later, the
microteachers meet the instructor in individua! conferences
during which they view the tapes, discuss the self and peer
reviews, and note strengths and weaknesses. The confer-
ences end with the students setting goals for improvement.

This structure allows students to practice for field
experiences in advance, which eases their anxiety. They
also microteach with their field experience team, which
promotes a more collaborative environment throughout the
field experience. By teaching the second microteaching
session with the same team, team members are more apt to
recognize and comment on improvements in one another's
teaching.

Suggestions for Implementing
Microteaching

As promising as videotaped microteaching is for easing
the transition into field experiences, there are a number of
possible pitfalls that can limit its effectiveness. In the
section that follows, we offer suggestions for avoiding the
pitfalls and making microteaching as effective as possible.

Consider the Range of Possible
Experiences and Formulate Clear Goals

One of the potential pitfalls in using microteaching
stems from its history as a behavioral approach that
narrowly focuses on discrete teachable skills in presentation
or feedback (Perlberg, 1988). The effectiveness of
microteaching for such purposes is questionable, but
microteaching has a much broader range of possible uses. It
can be used to build student confidence before a field
experience, to acquaint students with the evaluation system
that will be used during student teaching or their initial year
of teaching, to practice a teaching technique, or to encour-
age reflection and enhance decision-making ability.

We strongly advise formulating a clear sense of the
intended purpose of each microteaching assignment. In our
classes, we use microteaching for different reasons and
expect different benefits. One of us uses it primarily to
build confidence before field experience and to encourage
reflection. Another pinpoints specific reading strategies for

students to rehearse in the lesson and later complete in a
field setting. Still another uses microteaching to introduce
an assessment instrument used later in student teaching and
the initial teaching year.

Knowing the goal gives direction in structuring the
experience to achieve it. For example, when microteaching
is used for strategy rehearsal, a specific outline and structure
for the lesson is necessary to include all of the desired
teaching elements. When using it for confidence-building
and reflection, more flexibility and freedom can be given to
students planning lessons.

Communicate Goals Clearly
It is not enough for you to know why you want students

to microteach; your students must have a clear understand-
ing as well. Without clearly identified goals, the instructor
and students will go through the motions of microteaching
but may not reap the benefits. Students may resist the
method, seeing it as just riother requirement or a waste of
their time. There are several ways we communicate our
goals to students:

Give the students handouts detailing goals for the
experience. "Our primary goal is for you to teach a
Directed Reading-Thinking Activity (DR-TA)." "After
two microteaching lessons, you will describe the
sections on the Teacher Performance Assessment
Instrument (TPAI) used to evaluate your teaching."

Use self-evaluation forms tailored to be consistent with
the stated goals. For example, the students who are
practicing the DR-TA complete a form asking about
steps required for that technique, and the students
working with the TPAI complete peer and self-evalua-
tion forms using the exact headings found on the
assessment instrument.

During one-on-one instructor-student conferences, ask
students about their reactions to microteaching and
whether or not they feel they have achieved the preset
goals. Talking with students about their reactions helps
us see if the exercise met its objectives, and also gives
students a chance to express their perceptions of the
experience, leading to possible modifications in future
classes.

Provide Structure for Peer Feedback
Have all the students participating as learners in the

lesson complete questionnaires concerning easily observed
instructor behaviors. For example, the form for a Directed
Reading-Thinking Activity includes questions like, "Did
the teacher encourage creative predictions? How?" or
"How frequently did you notice the teacher asking learners
to prove or justify their predictions?" In addition, students
should be called on to identify specific things they liked
about the lesson and suggest one or two items that could be
improved. It is important that the feedback be specific so
the teachers recognize what they did right and know how to
do it again. For example, if a participant says, "You really
made this lesson fun," the teacher may not know what made
it fun. But if the ,71.ticipant says, "I liked it when you
showed us the funny picture from the book before you read
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it," the teacher knows pre..isely what worked.
Another way to improve student feedback is class

practice. One of us shows a video of a microteaching lesson
and has students fill out the feedback forms. Then they
discuss their reaction, and the instructor points out helpful
responses made by class members and provides model
feedback when needed. Using a videotape rather than a live
demonstration for practice feedback allows you to replay it
to see how accurate student evaluations are. It takes a few
brief practice sessions of this type before students begin to
feel comfortable about what they are supposed to do.

Provide Structure for Self-Evaluation
Students also need structure for their self-evaluation.

Without clear elements to look for when viewing the
videotape of their lesson, students will often fixate on things
like their appearance or a repeated gesture. Certainly
general appearance and distracting gestures are important,
but there are often more important things we want our
students to notice as they see themselves on tape.

Perlberg (1988) considers video feedback the most
important part of the microteaching process because it
activates a "dissonance phenomenon" whereby students
become aware of a gap between what they intend to do or
be during teaching and what actually occurs. Once they
confront the dissonance, an "arousal process" begins as they
become motivated to narrow the gap. He suggests that
viewing videotape is "the main facilitator and accelerator of
change and growth." (p.8)

Just as with peer feedback, we have found that specific
guidelines help our students zero in on the points we are
interested in. One of us has students rate each lesson
segment as "Knocks our socks off," "Okay for now," or
"Back to the drawing board." Sometimes we have students
count their filler words (uh, okay). In one class, students
complete a rating scale based on a standard assessment
instrument including such items as "maintains high time on-
task," "circulates to check student progress," and "affirms
correct answer quickly." Students rate each item on a five-
point scale ranging from "needs improvement" to "above
standard." All of us require students to identify behaviors
they would like to work on to improve their performance.
These tasks help students to view their performance in the
light of the goals we have.for them rather than basing their
evaluations on initial impressions.

Optimize the Student-Instructor
Conference

One of the most time-consuming aspects of
microteaching is the one-on-one conference. It is tempting
for instructors to allow microteaching to just happen and to
rely solely on peer feedback and self-evaluation. While
students would get some benefit out of such an experience,
for microteaching to achieve its full educational potential
the instructor's expertise is required (Cruickshank &
Metcalf, 1990; Frager, 1985). In an informal survey taken
after the microteaching experiences in one of our classes,
almost all of the students rated the instructor conference as
the second most effective factor in self-evaluation (after the

videotape viewing). Moc., of us in teacher preparation
programs are experienced in observing teaching and
identifying strengths and weaknesses. We can see what
problems are attributable to a lack of experience and will
correct themselves and which problems need immediate
attention. We can help our students clarify their own goals,
and so help them to improve more dramatically over the
course of a semester. For these reasons, it is crucial that
conferences be held with students.

Given that we are committed to having conferences, the
question then becomes how to structure them to make the
best possible use of the time they will take. We have found
several things to be helpful:

Select blocks of time for scheduling microteaching
conferences rather than scattering them out one or two at
a time. This approach allows you to arrange for a VCR
for playback two or three times instead of twenty, saving
scheduling time. We have found that approximately 30
minutes per conference allows plenty of time for
viewing and discussing the 10-12 minute tapes without
anyone feeling rushed.

Make sure students know what the conference is for and
that they are prepared. We ask our students to have
completed the following tasks before coming to the
conference: teach the lesson, review written and oral
feedback from their peers, view their tape as many times
as needed, and complete their self-evaluation form.
They are requested to bring all the peer feedback forms,
the self-evaluation form, and the tape to the conference.
If they aren't ready, they have to reschedule the confer-
ence. We have found that being clear about these
expectations has worked well, with only one conference
having to be rescheduled during the past academic year.

Make a checklist or protocol for yourself to guide the
conference. We usually start with an open-ended
question like, "How did you like the microteaching
experience?" or "What did you think of the tape?"
before ever viewing it. That allows us to immediately
pick up on anxiety or other negative feelings and diffuse
them with a little discussion before viewing the tape.

Remind the student of the purpose of microteaching.
Evidence suggests that benefits of microteaching are
increased when feedback is clearly related to the goals
set before microteaching (Frager, 1985).

View the videotape carefully with the student. During the
tape, we sometimes pause and ask the students what they
thought of a particular part, or we may ask them to look
for different positive and negative behaviors. Occasion-
ally a student is so self-conscious that discussinp the tape
is difficult. In such cases, it may help to ask the student
to imagine they are watching another teacher, asking
questions such as "What do you like about this teacher?"
or "Do you notice how enthusiastic this teacher is about
the story?" Talking about the tape in third person seems
to enable the students to become more objective about
their performances.

Have students select specific things they would like to
improve in their teaching performance and suggest
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approaches for doing so. Suppnse a student wants to
work on speaking more slowly and distinctly and has
trouble determining how to work on that goal. We
might suggest several possibilities including rehearsing
part of the lesson several times in front of a mirror at a
deliberately slower pace than normal, making an audio
tape recording of lessons and reviewing them to check
the speed, and pausing periodically in the presentation to
take a breath. The student may then think of other ideas
or select an action to work on the problem. At the
second microteaching conference, students evaluate their
own performance looking for improvements and, if
necessary, revise their goals.

End the conference positively. After goals and actions
have been selected, we have students restate what they
did well in their videotaped lesson. Many students seem
to retain only the criticisms and have difficulty recalling
the positive feedback. Having them restate it at the end
of the conference leaves them with a good feeling about
the experience and reinforces their positive behaviors.

Limit the Grading of Microteaching
Many instructors feel that everything of value in a

course must be judged and graded. There are several
reasons why grading microteaching is not appropriate:

Microteaching is best accomplished in a risk-free
environment where students can experiment with new
teaching behaviors. Grading adds pressure that may
make experimentation difficult.

The emphasis should be on the process students
gothrough as they plan, teach, and evaluate their own
teaching and hear feedback from peers and the instruc-
tor. Grading by its very nature tends to focus on the
product.

It is almost impossible to find a fair way to grade
microteaching. If you grade in a competitive way (the
best five lessons get an A, etc.), you demoralize the class
and penalize students with the least experience and
hence the most to gain from the practice. If you grade
on improvement from one tape to the next, you are being
unfair to students who start off well. In fact, Frager
(1985) suggests that potential benefit of microteaching
increases when there are no expectations for immediate
improvement.
We have found that we really don't have to assign a

grade to microteaching to have students take the experience
seriously. At the beginning of the course, students are told
that microteaching is a requirement for the course. Their
lesson plans for each lesson are turned in and evaluated as a
part of the planning component. Microteaching is consid-
ered one of the pass-fail requirements, just like completing
the field experience. It usually is a great relief to students
that they won't receive a grade in microteaching; it allows
them to concentrate on doing a good job in front of their
peers and improving their teaching behaviors.

Summary
Videotaped microteaching offers the following benefits:

Microteaching provides a safe environment for practice

4 6

and refinement of important teaching skills before they
are tried on real students who could be harmed by
mistakes.

The university instructor can tailor microteaching to a
variety of settings and purposes. Students in a general
methods course might microteach to practice formulat-
ing and sequencing appropriate questions before going
out to teach an enrichment lesson; in a reading methods
course, they might work on prediction to enhance
comprehension just before going into an elementary
classroom to read to a group of children.

In the real classroom, students must deal with behavior
problems, interruptions, and variations in student
preparedness that increase the complexity of the
teaching task. Microteaching simplifies the task for
preservice teachers by having them teach short lessons to
small groups of their peers in a controlled environment.

Receiving constructive feedback from peers and instnic-
tors increases student confidence in their ability to be
successful in the classroom.

The complete microteaching experience offers preservice
teachers an opportunity to become reflective practitio-
ners, evaluating their own teaching to improve their
skills.
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The impottance of technology to the education of

preservice and inservice teachers has been widely recog-
nized over the past two decades. To emphasize this
importance, teacher educators have used technology as
instructional tools, components of inductive and deductive
lessons, and as the focus of students assignments. A variety
of integration models have been proposed and investigated
within different content areas. Four such integration models
are discussed in this section.

White's article, "Making Social Studies Teacher
Education Relevant" discusses a broad range of recommen-
dations for the integration of technology into social studies
methods courses. His article supports the fact that teachers
need more training and materials to effectively integrate
technology into their teaching of social studies. Some of the
integration procedures mentioned are certainly worthy of
much more research and extension.

The integration of technology into mathematics methods
courses is discussed in Bennett's article. The course
experiences include technology used by the instructor for
class presentations and technology used by the students as
part of their course products. The inclusion of technologies
other than computers provided additional tools for effective
integration.

Julie Bao's article, "ECSFE: A Model for Integrating
Software into Method Courses for Preservice Teachers"
suggests a very specific model for integration into methods
courses. The model has many interesting components and
specifically includes two steps often neglected in other
integration models. In particular, the importance of a
paradigm shift mentioned in step two and the individualized
instruction mentioned in step four deserve further study.

Cautions regarding the integration of technology into
teaching are presented through the words of four teachers
involved in a technology-infused classroom. Schuttloffel's
article stresses the importance of teacher belief structures if
technology is to be a system change agent in our present
educational system. Attitudes toward the teaching role and
the integration of technology are often ignored and yet
seemingly essential to the successful integration of technol-
ogy.

The integration of technology into methods classes is
generally accepted as essential in teacher preparation
programs. While there is no established model for integra-
tion, the articles in this section stress the impact of profes-
sor, teacher, and student attitudes toward technology for
effective integration. Perhaps efforts in teacher education
should include a focus on the affective components as well
as the cognitive goals.

Juanita V. Copley is an assistant professor of Curriculum
and Instruction at the University of Houston. Her interests
include teacher education, technology integration, and early
childhood education.

Susan E. Williams is a visiting assistant professor of
Curriculum and Instruction at the University of Houston.
Her interests include mathematics education, technology
integration, and middle and secondary education.
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The Technology Integrated
Classroom and

Implications for Teacher
Education: A Cautionary

Story

M. J. "Mimi" Schuttloffel
Diocese of Tulsa Catholic Schools

The integration of technology into the public educa-
tional system has been proposed as a means of transforming
the curriculum and the classroom to meet the demands of an
information society in the twenty-first century (Papert 1980,
1987; Kurland & Kurland, 1987; Bork, 1988; Nickerson, 1988;
Barker & Tucker, 1990). The assumption that teachers are
readily changed by technology to perform in new and
productive ways is offered as a convenient solution to the
various ailments of education. Those reconstructionist
reformers who envisioned the reinvention of public educa-
tion anticipate technology as their most powerful catalyst for
transformation.

The discussion presented here exposes a difficulty when
conflicting goals and misunderstandings exist concerning
the concept of technology integration. To clarify the
difficulty, three different meanings of the integration of
technology into the education system are suggested: 1)
technology as a tool, 2) technology as a classroom catalyst,
and 3) technology as a system change agent. Some see
these different meanings as a series of stages, i.e., tool leads
to catalyst leads to system change. Others see them as
distinct meanings with no connection.

First, there are those proponents of technology integra-
tion who view hardware and software as tools to assist in
the management of classrooms; technology integration is
operationalized in classrooms and schools as a sophisticated
tool. Used for administrative or management purposes in the
beginning, computers are sometimes added to the curriculum
in computer science courses. Most often, however, the
technology remains a tool, such as chalk or a textbook, used
by the teacher as an additional strategy to maintain the
traditional classroom processes.

Technology integration can also serve as a catalyst to
transform traditional life in the classroom. Integration of
technology has been proposed to expand learning produc-
tivity and possibilities, transforming life in the classroom
(Bork, 1985; Pea, 1987). Recent research into the technology
integrated classroom acknowledged the development of a
new classroom context conducive to technology integrated
learning (Salomon, Perkins, & Globerson, 1991). Technol-
ogy that was catalytic intended to change life in individual
classrooms; technology created a new kind of classroom
culture which exemplified second stage transformation.

Third, there was the research of those visionary
reformers of school structure who viewed technology as a
(Papert, 1980; Nickerson, 1988) change agent for massive
system reform for schooling. Papert (1987) focused attention
on the fact that technology imposed upon the current
educational system was ineffective in attaining the desired
effect of intrinsically motivated life long learners. Structural
change was not easily instigated by teachers who them-
selves were powerless within the traditional structures of
schooling. Transformation of the structures of schooling
represented a third meaning of technological integration.

Visionary reformers who believed in the power of
technology generally saw the three views of transformation
as linked. An evolutionary process moved the teacher from
using technology as a tool to changing life in the classroom
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to altering the structure of schooling (Dwyer, Ringstaff, &
Sandholtz, 1991; Smith, Klein, Prunty & Dwyer, 1986, Smith,
Prunty, Kleine, & Dwyer, 1987; Smith, Dwyer, Prunty, &
Kleine, 1988). One essential difference between these easily
confused purposes of technology was the intended
outcome of technology integration: was it intended as a
tool, for classroom, or school change?

Teachers' Views of Integration
This study was designed to study the three stages of

technology integration, their linkage, and the evolutionary
progression between the stages. Direct quotations from four
teachers involved in a Transformed Learning Center and the
project director of the Center provide insights about their
views.

Technology as a Tool
Many of the teachers' statements dealt with their view of

technology as a tool. Their words describe their difficulties
in spite of their resources.

...what I had hoped would happen, [we] would be able
to better individualize and better report progress of
individual students. And in order to do that we needed
some sort of self-paced system, we needed a manage-
ment system. It would keep track of their progress for
instance...We needed some sort of automatic system like
that. It was no where to be found (Teacher 1)

The only area that I have seen ... stand alone software, is
in mathematics. And once again, the problem of stand
alone packages is that it gets old real fast. (Teacher 2)

It's the application of the technology that's important.
Technology is only as good as you use it. I can do the
same things these computers do with a sheet of paper
and a ruler. Sometimes the computer allows you to do it
faster. It allows you to grasp an image in your head.
(Teacher 3)

I found however that the learning was not too bad..., I
don't think the programs, but the length of time that they
could actually work with that was limited. About two
days of that kind of work and they were antsy. They
were ready to do something else. (Teacher 2)

Another thing that I guess I had not counted on in terms
of technology, I looked at the technology to provide the
kids in grammar an alternative route, instead of teacher
directed.. But for a lot that's not the best way...what I
failed to recognize was that I would still need to provide
teacher direction for those kids whose learning style it
[technology I didn't match.. It doesn't release the
teacher from any responsibility in terms of interacting.
(Teacher 1)

...what I wanted the computer for was a tool to expand
and get knowledge that they couldn't retrieve some-
where else and in fact...And then what I found was, the
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programs that I had for social studies, it was not a
program. It was a unit of this or a unit of that but none
of it was put together and there was very little continuity
so I could say "Here's a U. £ history unit," there wasn't
such a thing that I could find (Teacher 4)

As far as curriculum itself, I think, our original intention
was possibly not to go so much with the soft-ware based
curriculum, but rather than to integrate appropriate
software into the classroom at appropriate drnes. And
the only person who could make that decision was the
teacher because they were the ones that used it...The
decision-making on the teachers was a tremendous
burden for them, a tremendous burden. (Project
Director)

The remarks of the four teachers and the director of the
project make it clear that the initial expectations for the first
stage of transformation, the use of technology as a tool,
presented problems.

Technology as a Classroom Catalyst
The teachers of the Transformed Learning Center did not

describe their role of teacher as inherently changed. Such a
feature is even more dramatic because two of the teachers
were already committed to classroom change from their
previous experiences in a middle school environment. Both
teachers described their roles as not changing because their
"style probably matched the project style" since they had
"already changed." Technology was not seen as the
catalyst.

Other teachers agreed with the theory that technology
could be a catalyst for change in the classroom; however,
they had difficulty accepting change. One teacher initially
stated his belief that there were many creative possibilities
for technology use in science education.

My original expectations were somewhat skeptical.
Really, I thought there was some neat stuff here and
hopefully I will be able to incorporate these things into
the curriculum. (Teacher 2)

However, when a student's behaviors were transformed
by the use of technology, he expressed some difficulty
accepting those changes.

It's all right to question occasionally one's objectives,
but once you establish you care about the students, and
that you are fairly competent in your subject matter, and
that you are not out of line in what you are doing, then
the students ought to shut up and do it. (Teacher 2)

Another teacher remained unchanged in traditional
beliefs and practice as a result of the project experience.
There was an initial belief by Edward that stage one,
technology as a tool, did have potential. His desire to be an
excellent teacher, albeit by his standards, required him to
participate in the project even though there was little
evidence that he ever bought into or understood the
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magnitude of the project's goals. I-Tis participation in the
project could more aptly be described as a "career move."

So, I think on the one hand, nothing's changed. I want
to be the same type of teacher. On the other hand, I do
want to have my eyes made aware of what is there that I
can bring into the process to help the students. (Teacher
4)

This teacher did recognize his own difficulty with
second stage transformation. Transformed life in the
classroom as it emerged was deeply conflictual with his
traditional beliefs about teaching.

Just like I may be right in the middle of an assignment
and the kid has no problem coming up and saying, "Can
I go to the bathroom?" I mean I got five minutes to tell
them what to do for the rest of the hour, but he has
decided that's when he wants to go. And some people
would consider that disrespecOil. I'm probably one of
them. (Teacher 4)

The fact that this teacher considered it his job to "tell"
students what to do for the next hour indicated his lack of
understanding of the processes of the transformed class-
room where student's were intended to make choices
regarding their learning. He was the only teacher that
actually questioned the usefulness of second or third stage
transformation.

But, by the same token if we look at perhaps another
area, such as discipline and that sort of thing, what
administrator is going to trade one or two points of
academic excellence for five or six times the disruption,
the potential for behavior problems. You would have to
be crazy. That's where you get sued. (Teacher 4)

Technology as a Systems Change Agent
One teacher who described her classroom as already

changed expressed disillusionment and frustration with the
third level of integration. She described her original belief
that the project could successfully transform the local
system of education by introducing a model of the trans-
formed classroom within their high school as a "Pollyanna
attitude" and one that was unrealistic.

Another teacher who had already experienced change
within his classroom described his frustration in attempting
to change life in the classrooms of other teachers.

I mean how are you going to change someone. Chang-
ing a school system is like moving a cemetery. You are
not going to get them to do it. I don't see how you can
go out and over night, all of a sudden say wehave all of
these nice little toys now and let's try to apply them in
the classroom By the way, if you spend a little time
doing it this way you will be all right. (Teacher 3)

He discussed one of the key elements of the transformed
classroom, the loss of teacher-centeredness. He recognized

that teachers did not give up their powerful role within the
classroom willingly.

A lot of teachers will not put themselves in a place of
non-control. As long as their chair is a little higher than
everyone else's in the classroom or as long as everyone
is sitting down, it's fine. But once the kids start taking a
little charge and run with it, they can't do it. (Teacher 3)

Reflections and Recommendations
What does transformation mean for the role of a teacher?

The underlying problem for teaching involves confusion
about what the transformation of education means regarding
the integration of technology. There are two very different
understandings about the integration of technology and
education: the technocrats see technology as another tool
for teachers while the visionary reformers see technology as
changing the nature of classrooms and schools.

These two perspectives produce a conflict between
traditional teaching and schooling and transformed teaching
and schooling. The conflict exists because teachers form
their beliefs from their personal experiences in the classroom.
Lortie (1975) states that individuals often choose to enter
teaching as a career because of their comfort with the
traditional role and practices of teaching. Therefore, when a
teacher is inrroduced to the characteristics of the trans-
formed classroom it is presumptive to say the teacher will
accept the attributes of the new methodology and modify
behavior accordingly. The key beliefs of traditional teaching
are deeply ingrained.

The teachers involved with this project were excellent,
master teachers within traditional schooling. They volun-
teered for the project making great professional and personal
sacrifices to participate. Vast amounts of financial and
technical resources were available. The point to be made is
that change cannot be mandated when it involves key
beliefs. Policy makers must recognize the complex process
of transforming and reforming education by means of
technology integration. A central player in the process of
transforming education are the institutions that prepare
teachers.

Colleges of education must provide preservice teachers
with opportunities to reflect on what changing traditional
beliefs means for life in the classroom. Professors in colleges
of education must model transformed teacher beliefs within
their classrooms.

Students must be provided opportunities to learn to be
critical thinkers. Methods and techniques learned in
professional education classes need to be critically exam-
ined. Internships and laboratory school situations that
provide preservice teachers supportive environments to
experiment with transformed methodology need to be
created. They must learn how to initiate transformation
within the traditional structure of schooling that is resistant
to transformation, resistant to the teacher as leader outside
the classroom.

Colleges of education also must prepare administrators
to see their role in the transformation of life in the classroom
and schooling as one of providing support. Administrators
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must reflect on the changes necessary in the community's
mind to transform schooling and life in classrooms. Many
in the community are more comfortable seeing their
children in a classroom they recognize from their own
school experiences. Many in the community press for
reform through technology without understanding the
importance of specifying the purpose for technology
integration. And still many in the public are unwilling to
invest the funds necessary to transform education.

The cautionary lesson of the Transformed Learning
Center study is that there is a need, first, to clarify the
purpose for using technology in the classroom. Is technol-
ogy a tool or a catalyst for change? Secondly, if the purpose
for using technology is to instigate a transformation of
traditional teaching and schooling to a new model, teachers
must be prepared to understand the fundamental change to
their beliefs about teaching that must take place. Third,
administrators must understand and support the evolution-
ary stages. Finally, colleges of education must be committed
to preparing teachers who can fulfill the expectations of the
transformed model of teaching and administrators who grasp
the large picture of technological change.
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Making Social Studies
Teacher Education

Relevant: Integrating
Technology into Methods

Courses

Cameron White
New Mexico State University

Recent graduates of social studies teacher education
programs criticize their education for lack of relevance to the
K-12 classroom and students. The study of social studies
has long suffered from a status complex, with students
stating that it is boring and irrelevant and that other
disciplines receive priority in regard to materials and budget
(Morrissett, et al., 1982; Shaver, Davis, and Helburn, 1979;
Barr, Barth, and Shermis, 1977). As a result, technology has
been integrated more slowly in social studies methods
classes than in methods classes for language arts or
mathematics. Because of the increased availability of
appropriate technology and the inherent motivation and
relevance that exists with technology use, the ideal arena for
integrating technology is in social studies methods courses.

Availability, Access, Application and
Altitudes

Surveys generally indicate that technology is not being
widely used in the social studies (Becker, 1986; Ross, 1988).
Reasons for tbia lack of technology use include lack of
training and experience, perceived inappropriateness of
software, and limited access (Ross, 1988; Northrup and
Rooze, 1991; White, 1992). Ehman and Glenn (1987) state
that computer use in the social studies is lacking because of
poor teacher training, limited availability of software, and
competition for computers between departments. Teachers
have the desire to use technology in social studies classes
because it is motivating, creative, interactive, and it provides
variety, but teachers are frustrated because of the lack of
access, training, and funding (Seidman, 1986; White, 1992).

Northrup and Rooze (1990) conducted a nationwide
survey to determine whether computers were being used in
the social studies. They found that 84 percent of the
respondents had access to computers although only 55
percent of those with access actually used computers. Other
findings indicated that secondary social studies teachers
used computers less than elementary teachers even though
training was desired by most teachers. A large percentage
(67%) stated that their greatest need was an awareness of
snftware available for social studies. More than fifty-five

...nt stated that effective techniques for using computers
to develop thinking strategies were also needed.

Northrup, Barth, and Kranze (1991) and Steinberg (1988)
presented a rationale for the application of technology in
social studies classrooms. They suggested that American
education is not working in a satisfai-rory manner, but that
technology can be used to promote different modes of
learning. Perelman (1990) stated that tutorials, simulations,
and data bases in social studies are more effective and teach
the same amount of material in less time than traditional
forms of instruction. He concluded that computer-assisted
instruction produced at least 30 percent more learning in 40
percent less time at 30 percent less cost. In addition, the use
of technology could facilitate the goals of adaptive,
individualized, and interactive instruction. Large group
demonstrations, small cooperative group activities, and
individualized activities integrating rechnology are particu-
larly appropriate for social studies methods courses
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(Nickerson,1987).
Perehnan (1990) reported that the ratio of computers to

students is improving dramatically, from 1 to 125 in 1983-84
to 1 to 22 in 1989-90. However, the technology which is
available is not being used effectively; computers are not
being used systematically across the social studies curricu-
lum. Northrup, Barth, and Kranze (1991) agreed with
Perelman, stating that too little support and training is
pr.( vided for teachers to successfully apply technology.
They discussed the fact that technology in education has
not kept pace with technology in society as a whole, with
the lack of availability and application of technology
denying students needed life skills.

White (1992) conducted a survey in the state of Texas to
determine the availability and application of technology in
secondary social studies. Sixty-nine percent felt strongly
that technology facilitates social studies instruction with
almost 96 percent feeling that social studies teachers needed
additional training in using computers. Sixty-six percent said
they never used computers although they indicated they
wanted to use technology in their classrooms (White, 1988).

Schmid (1990) conducted a study to determine teacher
attitudes regarding availability and preferred application of
technology. A randomly chosen sample of 214 social
studies teachers was asked to complete a 16-item survey.
Teachers reported a lack of access and 78 percent revealed
that inclusion of curricular-support materials would motivate
them to use more computer software in their instruction.
Thirty-one percent stated that documentation is vital and
without it, the use of computers would be relegated to game
playing. The preferred methods of application included one
student to one computer applications and small group
applications . Fifty-one percent preferred simulations as the
application for social studies.

Ehman and Glenn's (1987) findings state that computers
are flexible inshuctional tools that can assist in the develop-
ment of positive attitudes, intellectual motivation, and
inquiry skills in students in social studies. The use of
computer applications can also assist in the preparation of
students for effective participation in society. Ehman and
Glenn stated that teachers require additional training to
understand how technology affects instruction, learning,
and classroom environments.

This is likewise true for students in social studies
methods classes. These students must see relevance and at
least application level technology instruction in their
methods courses so that they can transfer these beliefs to
their future classes.

According to Ediger (1987), student success in using
computers-in social studies must include meaningful and
achievable activities, sequential learning, and purposeful

content. Learner interest, motivation, and balance among
objectives are significant considerations in planning to use
technology in social studies. Higher level thinking can be

facilitated by integrating technology in social studies
according to Ediger. Teachers should reflect social studies
goals and objectives in selecting types of software. All

computer applications including simulations, data bases, and

fl r
4

multimedia should not be integrated only for the sake of
using technology, but rather as tools to support teaching
goals. Preservice teachers must experience the application
of technology through observation, demonstrations, and
modeling for success to occur in their own teaching.

Level UI multimedia, a growing trend in social studies, is
defined as the integration of text, graphics, still images, and
moving pictures into an interactive computer-controlled
product (McCarthy, 1989). The advantages of multimedia
include students being turned into proactive learners, a
wealth of information becoming available for use, and skills
such as critical thinking, problem solving, and researching
being encouraged (McCarthy, 1989). These are essentials
for methods courses.

Integration of Technology in Social
Studies Methods

Preservice social saidies teachers must become com-
puter and technology literate. Any teacher education
program dedicated to integrating technology must have at
least one course on computer literacy. An additional course
would be preferred, but is often difficult due to limited
numbers of hours dedicated to education courses. The most
logical place for additional educational teehnology is within
methods courses. Objectives for integrating technology into
social studies teacher education should include:
a. knowing the types of hardware and software for

application in social studies curriculum and instruction
b. knowing how to evaluate hardware and software for

social studies application.
c. applying packaged programs for social studies curricu-

lum and instruction.
d. applying authoring programs for developing social

studies curriculum and instructional activities.
e. developing lessons and units integrating technology.

The primary goal is for preservice social studies teaLhers
to be able to identify, evaluate, select and apply CAI
(computer assisted instruction), CMI (computer managed
instruction) and authoring for all areas of the social studies.
Increasing numbers of social studies education professors
are integrating technology in their methods courses. Charles
White (1991) has fully integrated technology with social
studies methods. Simulations and database applications are
demonstrated by White in the course and class objectives
require an application level of technology use by all
students. He requires unit plans which integrate the use of
technology along with detailed software evaluations.

Increased integration of technology in social studies
methods courses has also occurred at New Mexico State
University at both the elementary and secondary levels. The
university is at a crossroads in student awareness of
educational technology with a primary goal of basic
educational computer literacy before students take methods
courses. The methods courses are designed to be student-
centered with cooperative learning and the development and
application of projects and materials as primary foci.

Technological materials are essential to the integration
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of technology and social studies methods classes. The
College of Education at New Mexico State University had
very little social studies software initially, but the establish-
ment of a software preview center has made it possible to
receive a variety of packaged materials for preview and use
in methods courses. The College of Education is also a state
textbook and materials adoption preview site enabling the
collection of additional educational technology. Available
social studies software now includes samples for K-12
applications. CAI examples include drill and practice,
tutorials, simulations, and data bases. CMI examples include
word processing, gradebooks, data bises, spreadsheets,
telecommunication devices and presentation programs.
Authoring programs for the Macintosh and DOS systems
are also available. A particular focus has been the integra-
tion of multimedia and CD-ROM.

At the beginning of the semester education students in
New Mexico State University are provided the opportunity
to review a variety of software in centers established for
tutorials, simulations, multimedia, hypercard stacks, and
CD-ROM. Students rotate through centers during class time
over a two week period. Other software is demonstrated
through modeling by integrating cooperative learning,
simiations, multimedia and the various social studies areas.
The integration of science, language arts, and mathematics
is also stressed during the demonstrations. Requirements
for the classes also include using e-mail and other telecom- (3)
munication devices, using computer simulated intentional
learning environments involving blank data bases, and using
technology in other projects designed for practical applica-
tion. The use of technology is not limited to computer
applications. Students are also provided opportunities in
using video equipment for recording presentations and
developing projects.

Implications and Suggestions
The availability and application of technology in social

studies is improving. The effective integration of technol-
ogy in social studies curriculum and instruction and teacher
education requires detailed planning and thinking about
nor-traditional approaches to social studies. The integra-
tion of technology requires teachers to become less directive
and helps to develop positive attitudes toward social
studies, intellectual motivation, and inquiry skills in stu-
dents. In order to increase educationally powerful uses of
technology in social studies teacher education, the following

issues must be addressed:
(1) Planning for technology implementation should involve

colleges of education, students, teachers, administrators,
parents, and the community. Requirements for planning

should include:
using the state and district technology plans, technology
implementation progress reports, and curriculum
frameworks as the focus,
steps for using available technology and acquiring new

technology, and
access to technology for all social studies methods

classes.
(2) Minimum and exemplary standards should be set to

ensure adequate support for improving availability and
application of technology. These standards should
include:
setting measurable standards toward which colleges of
education, schools and districts should strive,
establishing benchmarks to identify programs as models
that are successful in acquiring and applying technology,
stating that technology is expected to be applied in social
studies methods and K-12,
ensuring increased availability and application of
technology be made in social studies methods and K-12,
ensuring that preservice and inservice teachers become
aware of, acquire training in, and receive access to
technology,
requiring the rewriting of social studies methods and K-
12 curriculum to include increased application of new
technologies,
establishing committees including representatives from
colleges of education, teachers, parents, administrators,
students, and business people to plan for successful
availability and application of educational technology,
and
continuing research and development on effective
technology use through centers for educational technol-
ogy, colleges, businesses, and schools.

(4)

(5)

Training for the successful application of technology
should include:
preservice and inservice technology training for teachers
(generic and subject specific),
opportunities to receive training during school/working
hours,
opportunities to learn emerging technologies, and
opportunities for trained teachers to teach other teachers
about technology use.

Technology access should be improved by providing
each social studies methods class and K-12 classes with
access to new technology (computers, multimedia,
telecommunications) ensuring:
the availability of at least one computer per two students
appropriate to the activity, and
the availability of a variety of social studies software for
application, including emerging technologies in the
classroom (multimedia, telephone access for distance
databases, distance learning capabilities).

Individual colleges of education, schools and districts
should increase budgets for educational technology by:
delineating a time table for acquiring new hardware and
software,
including staff development time for professors and
teachers to receive training,
paying for consultants and increasing access to exem-
plary programs, and
developing partnerships between stakeholders (business,
community, K-12, higher education) to improve
availability, training, and application of technology.
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1
The above recommendations are essential for improving

the availability and application of technology in social
studies education. Success in lasting applications of
technology in education requires partnerships involving
students, educators, colleges and universities, administra-
tors, parents, business, industry, and government. School
districts should collaborate with teacher education colleges
to develop programs to educate teachers and administrators
in technology application. Colleges of education should
model technology applications in pre-service teacher
education.
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4.

ECSFE: A Model for
integrating Software into

Method Courses for
Preservice Teachers

Julie Q. Boo
Shippensburg University

With 6,000 TV-watching hours prior to first grade and
20,000 hours before leaving high school (Skolnik and Smith,
1993), many of the students attending schools today have
adopted a digital style of learning, a style that relies heavily
on exciting and interactive screens for the source of
information. Influenced by this learning style, printed
textbooks and traditional instructional strategies alone can
no longer satisfy students' needs. For today and
tomorrow's youngsters, learning has to be fun, interactive,
and preferably, with an exciting digital display.

In view of this learning style and a lack of preparation for
matching teaching styles on the part of prospective
teachers, a legion of technology educators and a host of
national reports have called on schools of education to
increase technology training during preservice teacher
education (Drazdowski, 1993). Consequently, the teaching
of perspective teachers has become a challenge to faculty
who teach method courses for preservice teachers.

ECSFE (Expose, Challenge, Select, Facilitate and
Evaluate) is one of the instructional strategies created by
college method faculty to provide training for software
integration skills. It is a five-step computer aided instruc-
tional model initiated for the math and social studies method
courses at Shippensburg University in Pennsylvania. These
five steps include:

1. Expose students to software applications and poten-
tials in teacher education
2. Challenge students for a shift of paradigm toward
computer integrated curricula
3. Select essential learning tasks
4. Facilitate students individually in their learning
process
5. Evaluate learning progress to promote and reinforce
maximum learning.

This article reports the five-step process and analyzes its
applications. Following is the ECSFE model:

TeedIng
Wiwi*

Figure 1, A Model for Integrating Software into
Methods Courses for PreservIce Teachers.
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The above recommendations are essential for improving
the availability and application of technology in social
studies education. Success in lasting applications of
technology in education requires partnerships involving
students, educators, colleges and universities, adtninistra-
tors, parentsl. business, industry, and government. School
districts should collaborate with teacher education colleges
to develop prOgrams to educate teachers and administrators
in technology vplication. Colleges of education should
model technology applications in pre-service teacher
education. '
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Five Steps of the Model
Step One: Expose to Software Application.

Exposing students to capacity and potentials of
technology is an effective start. Though most prospective
teachers have heard of courseware, laser discs and CD-
ROMs, very few of them have actually seen them being
used in elementary classrooms. They have a very vague
idea regarding how software could be incorporated in school
curricula.

Students were first introduced to a group of carefully
selected courseware which enabled them to develop high
order thinking skills of children. These software were
chosen from a wide scope of disciplines and included
"Oregon Trail", "Lewis and Clark Stayed Home", "Market
Place", "Patterns", "Cavity Busters", and "Miner's Cave".
Then they were introduced to the potentials of CD ROMs.
They had hands-on experiences with "Grolier Electronic
Encyclopedia", "World Atlas", "US Atlas" and "Time Line
of History". These CD-ROMs greatly extended their
perceptions about educational resources. The 250 maps in
the "World Atlas" and the detailed information they could
retrieve from the "U. S. Atlas" were highly motivating.

Finally they were exposed to other successful experi-
ences of software applications in schools: 1) the Smart
Classroom project in California (Slaughter, 1989), 2) the
Kentucky model on educational television and professional
development (Worley, 1993), and 3) the successful experi-
ence of Calvert Country School district in Maryland (Austin
and Howie,1990).

Step Two: Challenge for a Shift of Paradigm.
Exposure to exemplary software applications increased

prospective teachers' sensitivity to technology application
and their potentials in education, but this sensitivity was not
strong enough to enable them to take risks in curriculum
application. As a matter of fact, most of them still regarded
courseware as an add-on component to pedagogy. These
software might look exciting, but teachers could teach
without them.

At this stage, students were challenged to redefine
knowledge in an information age, analyze the skills that were
needed to acquire and apply this knowledge, evaluate the
current curriculum resources, predict the problems that their
students would be solving in the next century, and synthe-
size the ways they would be able to facilitate their students.
Naturally, all these would need higher order thinking
computer skills.

Following the discussions on the nature of knowledge
and, the importance of computers in an information age, a
variety of materials were selected to facilitate a shift of
paradigm for students toward a more computer-integrated
school curricula. These prospective teachers read stories of
change, discussed morals from computer-related parables,
laughed at cartoons of biases, and marveled at multimedia
demonstrations. Then students were challenged to vision
the educational potentials of laser technology and the
superhighway established by the merge of cable, telephone
and computer, and define roles of teachers for the next

century.
Finally they were presented a five-year technology

development plan from a small and rural elementary school
17 miles from their classrooms. This plan included training
programs of teachers, development of interactive video and
telecommunication, networking upgrading schedule, parents
involvement in technology development, and a 5-page long
listing of courseware and CD ROMs currently used in the
classroom teaching. Students were greatly shocked by the
width and depth of computer skills that were expected of
them when they would start teaching. Many commented
they had never realized that computer aided instruction had
become such an essential part of their professional skills.
As a result of these activities, a shift of paradigm occurred.
Most of these students changed from reluctant learners to
active users of software.

Step Three: Solect Essential Learning Tasks.
The selection of essential learning tasks for a teacher

became vitally important due to the time constraints of an
education program. The tasks and skills emphasized were:
1) relevant to classroom teaching, 2) skills that prospective
teachers would be able to transform, and 3) skills that
promoted high order thinking of children.

Relevance criterion delineated the learning of software
application skills with school curriculum guidelines.
Students were provided local school district and Pennsylva-
nian curriculum guidelines for incorporating software into
teaching objectives. Transformational skills referred to
learning of those strategies that would enable them to
generate serious integrating activities at their future
teaching positions. For example, skills of selecting software,
designing computer aided teaching plans, and using
Gradebook for class management belonged to this category.
Preservice teachers were assigned specific tasks in relation
to integrating software into teaching. For example, each of
them need to be exposed to at least 10 different courseware
which could be used to teach concepts/content in integrated
units, or in at least 4 separate disciplines. Students were
required to include technology in two of their teaching
plans, write the concept/content they were teaching into
learning objectives, demonstrate application of technology
in their thematic unit, and analyze how and why these
software could enhance learning.

Finally, the instructor selected software that would
enable preservice teachers to develop their students' high
order thinking skills, such as the software listed in Step One
of the Model. Prospective teachers had a hands-on
experience with these software and explored how they could
be used to enhance the cognitive development of various
students.

Step Four: Facilitate Students Individually.
When students were exposed to high-tech methods and

capabilities, they were excited and generally enjoyed them.
When they were required to apply software integration into
teaching, however, many of them felt at loss. They were not
sure where to start, and the number of software they had
worked with were limited and very different. This was the
time when individualized facilitation from faculty was
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necessary.
First, the instructor recommended some software for

students to have a hands-on experience, discussing with
them why and how these software could be integrated in
teaching. When students had some experience of using
software, the instructor required them to apply two
courseware in their teaching plans according to the teaching
objectives and personal preferences. The instructor used a
Teaching Plan Guideline to help them organize their first
teaching plan. In the Teaching Plan Guideline, the instructor
asked many'reflective questions to facilitate the learning
process. For example, the Teaching Plan Guideline for
"Lewis and Clark Stayed Home" asked the following 10
questions: I) What concepts/content can be taught by using
this courseware? 2) For which grade will it be more
appropriate to teach these concepts/content? 3) How will
you prepare students before using this courseware? 4) What
are the procedures of using this courseware to teach? 5)
How can you adapt your instruction with this software to
meet the individual needs of all students? 6) How are you
going to assess students' learning? 7) What are the
advantages and disadvantages of using this courseware to
teach compared with non-computer methods? 8) Is this
advantage (if any) significant enough to justify the high cost
of computer hardware and software in your school? 9) If
you were going to improve this software to teach this
concept/content, what would you do? and 10) What is you
contingency plan if the computer or software doesn't work?
After they thought through these questions carefully, put an
answer to each of these questions, and tried the software
with their own hands, the preservice teachers felt much more
comfortable to discuss, evaluate, and use this software.

Step Five: Evaluation
Assessment and evaluation procedures need to be

carefully designed to promote maximum learning. The
evaluation of this instructional model was based on four
major components, namely, on-going assessment; teaching
plans evaluation, software application strategies, and final
exit demonstrations.

Preservice teachers came to class with different experi-
ences and computer skills and they learned at different
speeds and with different learning styles. Because of this
effect, the learning process of preservice teachers were
carefully observed and whenever possible, individually
facilitated and assessed. Teaching plans were evaluated for
their creativity and efforts, as well as pedagogical and
developmental appropriateness. Strategies of software
selection and application were tested at the Midterm Quiz,
and at the Final Test. In addition, preservice teachers had to
demonstrate, either by written form or project, their prepara-
tion for computer-integrated curricula.

Discussions
Applying ECSFE model into method courses of

preservice teachers is not smooth sailing. First, it runs into a
time problem. All method courses have an extensive content
area to cover. For example, Elementary Social Studies
Methods need to cover curriculum standards, concept

development, methods to teach basic disciplines such as
geography and history, and expanding areas such as
economy, government, law, multicultural education.
Teaching children concepts and generalizations in any one
of these areas may take a whole semester. Software
integration and multimedia presentations are excellent, but
they are very time consuming and easily distracting from
teaching objectives if not focused on tasks. Instructors need
to spend a lot more time preparing computer equipment and
teaching plans to engage students on more important
learning tasks.

Secondly, neither the University nor elementary schools
at this stage can rely too much on multimedia to present and
teach hundreds of basic concepts and generalizations in a
classroom. Therefore, a large amount of time has to be spent
to create and develop developmentally appropriate non-
computer hands-on learning activities. A balance need to be
kept to prepare preservice teachers with high-tech high-
order thinking strategies and low-tech high order thinking
strategies.

The third problem is the lack of computers to facilitate
desired demonstration and hands-on sessions. Even when
the equipment is there, some may quit working in the midst
of teaching. Therefore, contingency plans are highly
necessary when working with computers. Furthermore, both
the instructor and preservice teachers need to be flexible
regarding the definition of their roles. At times, the instruc-
tor has to hand-carry or move computer equipment across
campus to facilitate an outstanding demonstration of
students.

Despite the problems that arise in implementing this
instructional model, if one looks at the achievements these
strategies have brought about, all of these frustrations
become worth the efforts. The achievements of preservice
teachers is first demonstrated by their comfort level with
computers. In the past, one of the feedbacks the university
often received from cooperative teachers was that student
teachers had very little experience with computers except for
word processing skills. They hardly touched computers
during student teaching. Now they have started using
computers to provide individualized instruction, recom-
mended software to cooperative teachers and started using
"gradebook" for classroom management.

Secondly, integrating software to instruction has
increased their sensitivity and positive attitude toward high-
tech development and application in education. After all,
this development is inevitable, and will only develop more
rapidly with each passing day. Equipped with a positive
attitude and necessary computer skills, the prospective
teachers will be able to facilitate and lead their future
students with a more exciting style of learning.

Finally, integrating software in curricula is a creative
experience that encourages prospective teachers to take
risks and initiations. This personal quality of teacher is of
vital importance for their professional development and
career if they are going to stay in the teaching profession.
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Integration of Technology
in Mathematics Methods
for Elementary Teachers

Sandra Bennett
Texas A&M University

The growing uses of various technology is prominent in
today's society. Schools offer the uses of technology for
students to be prepared for further education, careers, and
functioning in society. Teacher educators will need to
expose preservice teachers to the uses of a variety of
technologies in order to effectively prepare them for
educating today's children.

In a course, mathematics methods for elementary
teachers, preservice teachers were given the opportunity to
participate in a variety of experiences that exposed them to
the various technology that is available for use in the
classroom. These experiences included technology used by
the instructor for class presentations and technology used
by the students as part of their course products.

Instructor's Technological Applications
Toolbook (1989-1991) was used to create class presenta-

tions and student tutorials. Both the class presentations
and tutorials are loaded on computers located in the
education computer lab and are available for students' use.
The presentations focused on current issues in mathematics
education such as alternative assessment, hands-on
problem-solving approaches to teaching, using technology
in the classroom, and interdisciplinary concepts. The
tutorials were more of a reflective exercise for the students of
concepts discussed in class sessions. Students worked
through examples, questions, and thinking processes about
more content-oriented teaching processes such as teaching
regrouping in subtraction, two-digit division, finding area,
and division of fractions.

Video tapes presenting informative topics about
mathematics and education were shown and used in class
lessons and lab periods. Some of these video presentations
included demonstrated uses of manipulatives, the National
Council of Teachers of Mathematics' (NCTM) video
Mathematics: Making the Connection (1991), and actual
lessons taught to demonstrate NCTM's Teaching Stan-
dards (1991) produced by the Center for Mathematics and
Science Teaching at Texas A&M University. Also,
students' teaching episodes were video taped during their
teaching experiences in the public schools. This was set up
on a "buddy" basis in which each student has a buddy or
even buddies (depending on the total number of students)
to video tape their lesson. Reflective sessions after the
experiences were conducted with each student. The video
tape was viewed and discussed by both the instructor and
students. Students collected these video tapes to be used
as part of their portfolios.

Cooperative groups were audio-taped during presenta-
tion/discussion sessions on current issues. Three days out
of the semester were designated as presentation/discussion
days. Students prepared a short presentation on a current
issue they had researched and shared this information with
their cooperative group. These tapes were used by the
students for reflection of the topics discussed. These audio
tapes were also used for additional evaluation of the

students' presentations.
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Students' Technological Applications
Some of the course products required of the preservice

teachers in the course involved the use of or promotion of
technology. The implementation of these activities followed
suggestions outlined by the National Council of Teachers of
Mathematics (NCTM) Curriculum and Evaluation Stan-
dards (1989) and the Teaching Standards (1991). NCTM's
Curriculum and Evaluation Standards (1989, p. 8) sug-
gested that appropriate calculators be available to students,
computers should be available for demonstration, individual,
and group work, and students should learn to use computers
as tools in investigations and solving problems. Standard 4
of the NCTM Teaching Standards (1989,p. 52) describes
tools for enhancing discourse in which teachers are
encouraged to promote and accept the use of various
technology such as computers and calculators.

Preservice teachers gained experiences with activities
that use calculators as learning tools. During the hands-on
portion of the class, students used calculators in learning
activities that were demonstrated for use in the development
of mathematical concepts for elementary students. They
used calculators in the lessons they taught when working
with elementary students in the public schools. Learning
centers which include the use of calculators were con-
structed and used in the classrooms and for future use in
their own classroom.

Access to compt trs and computer software was
offered for students' review and evaluation for application.
The software that was shared with the group included word
processors, databases, desktop publishing, and calendar
programs along with educational software that could be
used with elementary children in the classroom.

Preservice teachers were introduced to computer
networking and the various electronic communications
available. This included e-mail, BBSs, the college system,
and on-line services such as America OnLine (1992).
Preservice teachers have computer assistance with the
college system, which includes access to library information
and e-mail, offered in the various computer labs across the
campus. Plans for the next semester include student-
instructor communication through e-mail during the course.

Multimedia presentations were used and demonstrated
in the course. The preservice teachers had access to a
computer lab in which they spent outside class time creating
presentations and/or tutorials as part of the course products.
Some preservice teachers used these multimedia creations in
th...ir lessons they taught in the public schools and plan to
use them in student teaching and future teaching.

Conclusion
The integration of technology in teacher education

courses is slowly beginning to progress. This integration
will become more apparent as teacher educators begin to see
the value of the addition of technology in class sessions.
Some teacher educators find it difficult to keep up with the
current technological practices that can be very beneficial to
classroom teachers. One avenue that teacher educators can
pursue is to maintain close relations with public schools and

tj

the technology that is currently being used by classroom
teachers. These "practical applications" can be imple-
mented by teacher educators as part of class sessions, hands-
on activities, and students' course products. An additional
avenue for teacher educators is to participate in or request
staff development in the area of specific applications of new
technology.

Technology can be an exciting resource, teaching tool,
and communication tool. Instructional practices stand to
benefit from the options that various technology offers for
education. As classroom teachers begin to integrate
technology, teacher educators need to think about restruc-
turing teacher education courses to address this integration.
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The articles in this section describe a broad range of
ways technology is being used in inservice and graduate
programs. The work presented in these articles brings us
closer to an educational environment where administrators
and faculty members will no longer be asking if they should
be incorporating technology into their teacher education
programs. Instead they will be asking how they can best
accomplish this task.

However, there are pitfalls inherent in promoting
widespread technology use too quickly without adequately
contemplating the effects the technology will have on
society in general and on education. Today, educators and
their students have access to more technology to access
more information and solve more complex problems than at
any time in history. And even more powerful tools are
coming. But new technologies alone will not provide easy
solutions to societal or educational problems. The challenge
to educators is to thoughtfully and often painstakingly
develop new instructional models that can best take
advantage of these developing technologies. The articles in
this section (and in the entire Annual) are meeting this
educational challenge by describing different ways that
technology can be used to promote excellence in teacher
education.

Kearsley and Lynch focus on a program of technology
rich graduate courses they use to adequately prepare future
leaders in educational technology. The program provides
firsthand experience with technology, courses on policy,
management and leadership not just instructional technol-
ogy itself. Within the program, there is an emphasis on
human interaction. Students take courses from faculty
members who use technology in their classroom but who
are not educational technologists. This helps students think
about technology use from the point of view of their
colleagues and broadens their perspective. Collaboration
via computer networks, where students interact with the
course instructors and their classmates, is also an integral
part of the program.

Jones and Wall summarize a research study which
involved integrating computer skills into an educational
research course. The course required that students develop
a research proposal and use word processing, electronic
mail, CD-ROM-based reference materials, and telecommu-
nications as part of the process. Attitudes toward technol-
ogy uses and educational research were measured along
with student performance.

In a similar study, Poage, Munson, Ramsay, Conners,
and Evavold outline an approach for effectively integrating
technology into instruction using a course in educational
research and statistics. A second goal of the project was to
motivate faculty to model use of technology to inservice and
preservice education students. Six HyperCard-based
lessons were developed and used in the course in addition to
traditional textbooks. Both quantitative and qualitative data
were collected concerning student attitudes about both
computer technology and research and statistics.

Bright. Kennelly, and Harvey discuss a summer institute
that prepared high school, college, and university faculty
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members to lead workshops which would help APCalculus

teachers learn to use graphing calculators.
Casey presents a though:Sul argument for keeping

computer programming as a main component in computer
and technology education. This discussion of programming

as a natural and effective way to teach problem solving and
higher-order thinking skills provides a review of the
historical debate which exists in this area.

In his article, Liao examines the effects ofdifferent
types of computers on student performance and attitudes
toward computers in the educational environment. In the

study, he compares the use of Macintosh and IBM personal

computers and examines inservice teachers' knowledge of
computer literacy, conceptions and misconceptions of
computino, concepts, and attitudes toward computers.

Interactive multimedia is the topic for Breegle's article

on a qualitative study which used Linkway Live! as a
planning tool for public school teachers, home school
parents, and Sunday school teachers. Project participants
were interested in learning how to integrate technology into
their curricula and were able to identify the characteristics
of powerful learning experiences and to determine strategies

for overcoming barriers.
Multimedia is also the subject of Olivier and Buckley's

paper. They focus on a graduate program designed to

provide an educational experience which uses the most
effective media with which to convey specific forms of
information and harnesses the pedagogical power of each of

these media. The authors describe what they call a "blended
approach" to technology and teacher education, which
effectively combines theoretical and practical coursework.

Two papers deal with the use of audio technology.
Knapczyk, Rodes, Marche', and Chapman present a low-

cost option for providing inservice coursework through

distance education technology. They recommend combin-

ing available inexpensive technologies such as speaker

phones and fax machines, two consistently reliable forms of

technology which are often overlooked, with other more

advanced computer systems. Hessmiller discusses a
research study which compares the effectiveness of audio

and computer conferencing in the deliveiy of special
education training to educators in correctional facilities.

This article underscores the power of technology to provide

educational opportunities to isolated rural settings which

have traditionally had limited access to instructional

resource centers and materials.
Unikel and Handler describe their efforts in helping

develop a district-wide technology plan. With a behind-the-

scenes approach, the authors trace three years of experience

from formation of a Technology Task Force, through staff

development proFams, toward final commitment and
implementation. This article provides an in-depth view of a

successful school/university colt :oration with insights into

the components and personalities that make up the entire

school improvement process. It will be of interest to
educators who face similar challenges.

Lee presents two articles which deal with training

models for inservice teachers. The first paper outlines a

25 9

model with a developmental view of providing computer
education to inservice teachers who are novice computer
users. Instructional content is covered in a five-stage
process which emphasizes a risk free environment for
exploration ar.d experimentation. Lee's second article
describes a hypermedia model for converting teachers from
novice hypermedia users to independent hypermedia
developers. The goal of the five stage model is to empower
inservice teachers to independently implement a
hypermedia package for instruction.

The articles in this section provide us with a view of
how technology is being used in graduate and inservice
programs today. They add to the growing body of knowl-
edge in the field, from designing computer literacy courses
to developing hypermedia programs for statistics and
educational research, from using audiographic technologies
to implementing district-wide technology plans. These
articles not only show us where technology use is today,
they also plot the course of where technology use is going in

the future.
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Preparing Educational
Technology Leaders: A

Formula That Works

Greg Kearsley
The George Washington University

William Lynch
The George Washington University

The question of how to best prepare individuals to
assume leadership roles in the field of education is a much
discussed issue (e.g., Hal linger, Leithwood & Murphy,
1993; Smyth, 1990). We are primarily interested in this
question from the perspective of leadership in the domain of
educational technology (Kearsley & Lynch, 1994). It is our
belief that one of the major reasons that educational
technology has been used poorly in many school systems
and organizations is the lack of good leadership on the part
of administrators and teachers. In general, Schools of
Education have failed to provide the appropriate training
needed by educators to put technology to good use.

The Educational Technology Leadership
Program

For the past five years, the Educational Technology
Leadership (Eat) program at the George Washington
University has used a combination of instructional television
(ITV) and computer mediated communication (CMC) to
deliver its graduate courses. This means that all students
have extensive first-hand experience learning via technol-
ogy (as well as distance education) by the time they have
completed their MA degree. Furthermore, the evaluation in
most of our courses is project-oriented; students must apply
what they are learning in a course to a real teaching/learning
situation in their school or organization (almost all of our
students have full-time jobs in education). In many cases,
we ask students to make videotaped project reports, giving
them further hands-on experience with technology.

An even more important outcome derives from the use
of CMC students interact extensively (at least 1 hour per
week) with the course instructov, and their classmates using
a bulletin board system (BBS). This interaction takes place
primarily in the context of completing online assignments in
which students must discuss and debate critical issues in the
field of educational technology. In many cases, we ask
students to work in pairs or small groups on assignments or
projects. However, there is also a geat deal of informal
interaction among students with common interests or
focused on shared problems. Students who complete our
program have a lot of experience working with their
colleagues via electronic networks and are likely to continue
to do so for the rest of their careers.

Another vital element of our program is involvement of
other faculty in the School of Education and other depart-
ments who are not themselves experts in educational
technology but willing to use technology to teach courses in
their area of expertise. Our program includes courses on
leadership, policy, research methods, software design, and
telecommunications (see Table 1) that are taught by faculty
members who are not educational technologists. This is
important for a number of reasons. First, it allows us to
offer courses on topics that are critical to an understanding
of leadership that are beyond the realm of educational
technology. Secondly, this ensures that our students have
contact with faculty who are not technology "insiders" but
just "users" with a relatively neutral perspective on its use.
We believe this helps students to think about technology use
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from the point of view of their own colleagues.

Critical Components
In our televised classes, we try to address a number of

critical components of leadership including: critical
analysis, problem-solving, decision-making, strategic
planning, vision, team-building, and so on. We do this by
presenting divergent points of view on topics, presenting
issues and asking students to think through the implications,
presenting options and asking students to decide which
choices are best, presenting actions/tasks and asking
students to prioritize, presenting problems and asking
students to invent solutions, and presenting strategies and
asking students to develop implementation plans. These are
skills that we try to emphasize across all our courses using a
number of different means.

We feature many guests in the classes who are experts in
the field of educational technology and the specific topics
covered in the courses. This means that students have
considerable exposure to actual leaders as role models, not
to mention the most up-to-date and authorative information
available. In many cases, guests talk about technology-
based projects they are involved in, providing students with
case studies and examples. We also show many videotape
segments of technology-based projects to provide further
examples. We believe that it is important for students to be
exposed to many examples in a course so they are aware of
how technology is being applied at schools and companies
in the U.S. and globally.

We often do software demonstrations and ask students
to critique the programs in terms of design, development or
effectiveness issues. Students can call in during the televised
class and make their comments immediately or they can
post their comments as messages on the BBS after the class
is over. This allows for more reflective analysis as well as a
full discussion involving all students in the class. Some-
times we do the reverse: ask students to generate questions
or issues they want the instructor to examine in detail in an

upcoming class in this case, online discussion precedes
the demonstrations or interviews.

One over-riding concern is that we adhere to adult
learning principles in the design and delivery of all our
courses. Almost all assignments and projects require that
students interpret and apply course content to their own
work and personal circumstances. We encourage students
to provide examples and wisdom from their own experience
as educators. We expect students to be self-motivated and
responsible for managing their own learning progress.
Finally, we try to provide as many opportunities for
teamwork and peer evaluation as possible (which also serve
an important socialization role).

Outcomes
In general, students rate the courses and the program

very highly. At the end of every course, we ask students to
provide a critique. Here are some sample responses from
one course:

Student #1
I found this course to be interesting, very informative

and exciting. Both instructors had well prepared and
organized lessons. I thoroughly enjoyed the structure and
presentation of each class format. Having an outline of each
class prior to the start of class was very helpful. I also
found the intergration of videos with interviews, lectures,
and discussions to add more variety to the class forma:.
The humor and metaphoric skits were especially enjoyable.
I hope this will be a feature included in future courses. All
of the above, kept the class moving and held my attention,
which kept me motivated during times when I was exhausted
from a long hard day at work.

Student #2
Well, here is my two cents on the good, the bad and the

ugly. I enjoyed the class very much. Distance learning is
making a masters degree possible for me. I could not
otherwise be going to school. I enjoyed the guests and felt

Table 1
ETL Program Curriculum

Required Courses:
Managing Compute; Applications
Educational Hardwait Systems
Applying Educational Media
Computers in Education & Human Development
Design and Implementation of Educational Software
Power, Leadership and Education
Policy-Making for Public Education
Quantitative Methods I: Survey Measurements & Research
Quantitative Methods II: Research Procedures
Electives:
Media Services Management
Introduction to Interactive Multimedia
Telecommunications and Education
tieveloping Interactive Multimedia
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that they add a dimension to the class that we could not get
in a traditional classroom. I have never taken a traditional
class with a guest speaker almost weekly. I find the
application videos interesting to watch and useful for
sharing with my colleagues to spark interest. Partnering for
assignments was interesting, and it did have us communi-
cate more with our classmates, but I found it a little stressful
having someone else depending on me for part of their
assignment.

Student *3
I also really enjoyed this course ... my first in the

distance learning format. The highlight for me were the
video tapes which clearly showed techniques for using
multimedia with children. Although most of the tapes
seemed specifically designed to show the actual multimedia
product themselves, &found that the teaching styles that
were demonstrated along with them to be even more
interesting. They was a continual emphasis on the role of
the teacher as the facilitator of learning rather than
someone who simply gives facts and answers. I also really
enjoyed the format of the lessons.

Student *4
The two courses I've taken have been exeellent. I am

very excited about the prospects of distance education and
graduate study... I think as the program matures it will just
get better. It is a very time efficient way to pwsue a gradu-
ate degree and you all are doing a great job. Your class
preparation is obvious and instructor subject knowledge is
outstanding. The guests are informative and the tape demos
are good. I would like to see a little more top.'c specific
information put out during the classes. Humor goes a long
way in eliminating topic dryness. The BBS assignments
were good and the instructor comments were promptand to
the point, amazing given the nwnber of stude Its in the class.

Student *5
I was very pleased with the class, as usual There is no

way I could have possibly taken graduate wo* in educa-
tional technology without this distance learniv. The one
criticism I have of most of the eti tech. classes is that they
are dry and lack humor. Bill and Greg have outdone
themselves with their effons to include this ittportant
aspect. I found the flexibility of the project requirements
wonderful I hate doing projects that I can not use in "real
life." I like the interaction on the bbs. I feel pairing us in
different groups of rwo for different assignments is great. I
hate to sound like such a brown nose, but I even thought the
video dips were good.

Student *6
In general, I found this class interesting, full of informa-

tion, and a real challenge for me. At first, considering that
this was my first long distance learning class, I felt lost.
Using the BBS was a great way to converse with the class
once I learned how to navigate through the system.Using
the BBS for assignments and discussions proved to be one
of the most valuable parts of the class talk about hands-
on...interactive learning !! It opened up a new form of
interactive multimedia while allowing me to express my

ideas and share opinions with the classmates and instruc-
tors. I've learned alot !! I am anxiously looking forward to
the Fall class.

Student *7
I thought it was a great course . I enjoyed it right from

the start.I never heard of multimedia before taking this
course.Everything I know about multimedia I learned in this
course. I think that the use of television and the bbs is
ternfic.I can come home after a hard days work and watch
the class in the comfort and convienience of my own home. I
don't have to waste my valuable time travelling to some
distant location to be at a class. If my employer wants me to
work late or if I have a social obligation then I do not lose
out because I have the class recorded on video tape.lf there
is something I do not understand in the lecture then I can
reverse my tape and play it over again and no instructor is
going to jump on me for not listening wellenough the first
time. The bbs gives me a chance to make contact with other
students from other parts of the country and to work with
them on assignments and learn from them. .

Student *8
When I first contemplated the course, with my travel

schedule limiting my participation in school programs
requring classr000mattendance, I was excited about the
prospect of distance learning.The feature of catching up
after the fact via video tapes also encouraged my decision.
Mechanically, the BBS and the ease of comnuat;cation by
phone.fax. etc. from all over the world has allowed me the
feeling of staying connected with the class. Although I have
not used the BBS much in an E-mail mode, I have enjoyed
reading the messages, and have learned from many of them,
and rate this facility highly. As a general statement, the
televised classes were excellent, with the examples and
interview framework interesting and informative, and
accomplished well the purpose of introducing us to IMM
and its current state. The project assignment has greatly
improved my computer skills, has been hard work but fun,
and has stimulated a strong desire to continue my education
in educational technology. Overall, for me, the course
accomplished its purpose, and I give the highest ratings to
the tolerance of the instructors with regard to due dates,
and my lack of computer skills in conveying assignments,
etc. This created an atmosphere of caring and acceptance
that served well as motivation to hang in there. I would
recommend this distance learning method to anyone who
has similar time constraints and I intend to continue taking
courses this way. Thank you!

Many or the students report that they become very
comfortable with technology after completing a few
courses, despite little experience (and sometimes consider-
able anxiety) when they start the program. Furthermore,
many of them move into leadership positions (e.g., technol-
ogy coordinators, project managers, school administrators)
during the program as a result of the first-hand experience
and knowledge acquired. We are in the process of measur-
ing job performance impact in detail and will discuss these
findings in our presentation. Table 2 lists the type of
questions we are asking in our impact study.
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Table 2
ETL Program Impact Questions

Can you describe specific skills that you have acquired due to participation in the ETL program?
Has your ability to initiate technology-based projects improved as a consequence of being in this program?
Have you received any special recognition for your technology expertise since you started this program?
Do other people consult you more often about technology since you have been in this program?
Has your participation in this program improved your job or career opportunities?
Do you feel more confident or competent in your current job as a result of skills and knowledge you have acquired
in this program?
Have your views about technology changed.significantly since you have been this program?

Conclusions
We believe that our program is a good formula for

preparing future leaders in educational technology. First, it
provides a great deal of first-hand experience with technol-
ogy over a period of 2-3 years so students understand it
thoroughly. Secondly, the curriculum includes courses on
policy, management and leadership, not just instructional
technology itself. Thirdly, the emphasis on human interac-
tion and collaboration via CMC creates a disposition to
teamwork which is an essential characteristic of good
leaders. Finally, it involves faculty who are not educational
technologists and provides a broader perspective on the use
of technology by educators.

Based upon the success of our program, we conclude
that extensive, first-hand experience using technology is a
critical component of preparing educational technology
leaders. Programs that simply discuss/describe technology,
or provide a few isolated hands-on opportunities, are not
likely to adequately prepare educators to adopt leadership
positions with respect to technology. Until this fact is
accepted, we are likely to suffer a deficit of good leadership
in the domain of educational technology. We hope our ETL
program will serve as a model and inspire other Schools of
Education and school systems to pay more attention to the
leadership aspects of educational technology.
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Integrating Computer Skills
Into Educational Research

Courses

Paul E. Jones
Towson State University

Robert E. Wall
Towson State University

This report examines the integration of relevant com-
puter skills into an introductory educational research
methods course. The course was a required course for all
master's degree students in elementary, secondary, and
early childhood education at Towson State University. This
exploratory study was conducted during a seven-week
summer session in 1992. The course required that students
develop a research proposal for a study to be conducted as a
part of their master's degree requirements. Skills selected
for inclusion in the course were ones that were deemed
relevant and useful in the process of proposal development.
These included use of a word processor, use of electronic
mail, access and use of CD-ROM-based references, use of a
small-scale statistical package, and an introduction to a
statewide computer network for educators. Attitudes toward
educational research and computer technology were
examined at the beginning, mid-point and at the end of the
course. Those attitudes were examined in relation to student
performance measures.

Background
A variety of approaches have been tried in teaching both

computer literacy skills as well as research methodology.
With computer skills one may use either a separate com-
puter course or curriculum or one may attempt to integrate
computer skills into the existing curriculum (Lockard and
Wesley,1990). The integration approach has the advantages
of providing an existing context in which computer skills
may be applied. However, integration of computer skills
also has the disadvantages of limitations in terms of time
allocation, focus of students' attention, and negative
interactions with the course content. Previous studies by
Jones and Wall (1990) have also found there to be a
significant amount of anxiety among students regarding the
acquisition of computer skills. Age and gender differences
in computer attitudes were found in several studies.

Few have systematically investigated the integration of
computer skills into educational research courses. Lane and
Wells (1990) reported upon the use of computer assisted
instruction modules in areas of statistics and research
methods. Stephenson (1990) reported on the use of
statistical software in research methods courses for library
science students. O'Quinn (1990) reported on the use of
computer software in a research methods course for
psychology students. Fons (1989) reported on the use of a
software evaluation tool used in order to determine the
manner in which computer software could be integrated into
existing courses. Nicklin (1992) reported on the integration
of general computer skills within a College of Education.

However, none of those studies examined how the
computer skills and the students' attitudes might be related
to course performance. In this study, we were interested in
selecting appropriate and useful computer resources for an
introductory educational research course. We examined to
what extent the inclusion of those resources would correlate
with measures of course satisfaction and comfort in using
those resources.

There are many reports on the use of software for
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Table 1
Data Collecfion Timetable

Pre-Course Mid Course Post-Course

CA Score

ER Score

CA Score

ER Score

Test 1

CA Score

ER Score

Test 2

Proposal

Total Points

Note: CA = Computer Attitude Scale

ER = Educational Research Attitude Scale

Proposal = Score on required research proposal

Total points = accumulated points for all tests

and assignments.

specific purposes in research courses, and it appears that
integration of computer skills into existing courses is
proceedine at a rapid pace. The purpose of this study was to
examine computer skills integration in relation to attitudes
and performance in a research methods course.

Methodology
Hypotheses that were investigated in this report in-

cluded:
There will be no significant difference in pre and
post course computer attitudes. p.<.05
There will be no significant difference in pre and post
course educational research attitudes. p. <.05
There will be no significant relationship among pre,
mid and post computer attitudes and performance test
1. p. <.05
There will be no significant relationship among pre,
mid and post educational research attituc!es and scores
on performance test 1. p. <.05
There will be no significant relationship among pre,
mid and post computer attitudes and scores on perfor-
mance test 2. p. <.05
There will be no significant relationship among pre,
mid and post educational research attitudes and scores
on performance test 2. p. <.05
There will be no significant relationship among pre,
mid and post computer attitudes and total points earned
in the course. p. <.05.
There will be no significant relationship among pre,
mid and post educational research attitudes and total
points earned in the course. p.<.05
There will be no significant relationship among pre,
mid and post computer attitudes and points earned on
the course research proposal. p.<.05
There will be no significant relationship among pre,
mid and post educational research attitudes and points
earned on the course research proposal. p.<.05

Another area investigated included the internal consis-
tency of the attitude instruments used. A preliminary factor
analysis of the items in all the measures was also conducted.

Subjects
Subjects of this study were 31 graduate students in

teacher education at Towson State University. Students
were enrolled in two sections of the course "Research in
Education" which were offered in the summer, 1992. All
students were experienced teachers at the elementary,
middle, or secondary levels. All students were required to
take the research class and most were required to carry out a
research study proposal developed in the courses.

Data and Data Analysis
Data were collected during the courses and are shown in

Table 1. The computer attitude scale was a 19 item iikert-
type adjective checklist which asked students to respond to
items in categories of word processing, CD-ROM data base
searching and electronic mail. The educational research
scale was a 19 item likert-type adjective checklist in which
students responded to positive and negative items related to
educational research. The SPSS subprogram, "reliability"
was used to find coefficients of reliability for each adminis-
tration of the instruments. Cronbach's Alpha was em-
ployed. Resulting coefficients ranged in value from .91 to
.97 for both measures.

Results
SPSS's MANOVA repeated measures model found

significant differences among means of the three different
administrations for the computer attitude measures. Results
indicated a positive shift in computer and educational
research attitudes from the beginning to the end of the
course. Table 2 summarizes scores on the computer and
educational research attitude scales.

Table 3 summarizes the results testing hypotheses 3
through 9. The hypotheses concerning relationships among
the measures collected were tested with the Pearson product
moment correlation procedure. Inspection of the table
reveals only 5 statistically significant correlation coeffi-
cients.

Discussion
This preliminary study indicated a positive shift in

attitudes toward computer technology skills selected for
inclusion in the course. A similar shift in positive attitudes
toward educational research also occurred. It is interesting
to note that there were significant positive correlations
between test one and test two, scores on the research
proposal and test 1, and pre course computer attitudes and
test 1. Also, a significant relationship between computer
attitudes at the mid-point of the course and test 2 was found.
However, given the 18 correlations between computer
attitudes, educational research attitudes and achievement,
only three of the 18 were significant.

There does appear to be support for the strategy of
selecting appropriate and useful computer resources for
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Table 2
Computer and Educational Research Attitude
Measures and scale reliability (alpha)

Educational Computer
Research Attitudes

Mean S.D. Alpha Mean S.D. Alpha

Pre 2.9 .49 .91 1.9 .63 .91

Mid 3.0 .5 .92 3.0 .65 .94

Post 3.1 .64 .95 3.3 .74 .97

inclusion in such courses. Based upon the results of this
study. we have questioned if those computer-based re-
sources need to be introduced earlier in the graduate
programs. We also wonder if introduction and application
of those computer resources in a greater variety of courses
would increase the benefits of those resources to graduate
students.

References
Fons, Robert P. (1989). CLOPPE-educational software integra-

tion. Journal of Research in Computing in Education, 21(4),
473-82.

Jones, P. & Wall, R. (1990). Components of computer anxiety.
Journal of Educational Technology Systems. 18(2), 161-168.

Layne, B. & Wells, J. (1990) Development and application of
CAI modules for use in statistics and research methods
courses. Journal of Computers in Mathematics and Science
Teaching. 10(1), 35-38.

Lockard, J. & Wesley, M. (1992). Microcomputers for educators.
(2nd ed.) New York: Harper Collins Publishers.

Nicklin, J. (1992, July I). Teachers' use of computers stressed by
education college. The Chronicle of Higher Education. P. 15.

O'Quin, K. (1990). Evaluation and main effects and interaction
software in a research methods course as a function of teacher
attituces. In Proceedings of the Annual Conference on
Undergraduate Teaching of Psychology. (4th ed.) Springfield
Massachusetts. (ERIC Document Reproduction Service No.
ED 325169).

Stephenson, Mary. (1990). Teaching research methods in library
and information studies programs. Journal of Education for
Library and Information Science. 31(1), 49-65.

Paul E. Jones
Department of General Education
Towson State University
Baltimore, Maryland 21204
Telephone: (410) 830-2577 or (410) 830-2576
B1TNET: R761.10N@TOWSONVX
INTERNET: R76LION@TOE.TOWSON.EDU
Fax: (410) 830-2733

Robert E. Wall
Department of General Education
Towson State University
Baltimore, Maryland 21204
Telephone: (410) 830-2577 or (410) 830-2576
Fax: (410) 830-2733

Table 3
Correlation Coefficients

Hours Test 1 Test 2 Proposal Mean SD

Test I -.18 44.8 2.7

Test 2 -.07 .56** 44.4 3.5

Proposal .07 .48* .34 93.1 4.8

Pre ca -.22 .39* .35 .01 1.9 .6

Mid ca -.13 .29 .66** .16 3.0 .7

Post ca .02 .21 43* .09 3.3 .7

Pre er -.29 23 .19 -.09 2.9 .5

Mid er -.03 .02 .08 -.22 3.0 .5

Post er .08 .00 .18 -.05 3.1 .6

Note: *Significant p.<.05 **Significant p.<.01
Hours.=Number of credit hours completed in graduate program.
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At Gonzaga University we continue to struggle with two
primary technological concerns. First, how to effectively
integrate technology into instruction, and second, how to
motivate faculty to model the use of technology to inservice
and preservice education studeats. The focus of this pilot
study was to investigate the effects of integrating
HyperCard-based courseware into a graduate course in
educational research and statistics.

Project Description
During the summer session of 1993 a large number of

extension center graduate students came to the campus of
Gonzaga University to complete two courses toward their
master's degree. During this time all students completed a
four semester hour course in research and statistics. This
course was conducted in a very intense format where
students received instruction over an eight hour period, three
days a week, for four weeks.

Historically, this course has invoked a great deal of
anxiety in the students, due primarily to the timeline of
instruction and the nature of the course content. In addition,
the faculty often feel stressed in the delivery of this course
because time is limited, groups are large, and time is not
available to individilable the learning process. Given these
factors, a team of four faculty members decided to integrate
a series of HyperCard-based course materials throughout
four sections of a research and statistics course.

As the planning began for this project, significant
discussion focused on the theoretical framework that would
be used to both design and implement the HyperCard
materials. A decision was made to combine Ausubel's
(1963, 1977) model of expository teaching with Bruner's
(1960, 1966) model of guided discovery teaching. ln
practice, the computer materials would be used to deliver
instruction that was more sequential and directive, yet still
requiring interaction. The instructor's time during class
would be used in more of a guided discovery approach.
Thus, the more traditional teacher-centered lecture format
that had previously occurred in this class was eliminated.

Project Timeline
Figure 1 illustrates the timeline for the planning,

development, implementation, and follow-up used for this
project. During the four weeks students were on campus,
class time was devoted to discussion, the instructor gener-
ated questioning, and a two-hour time block was reserved
each day in the computer lab for each class. During the
computer lab time students were primarily asked to work
through the HyperCard courseware, however additional
computer applications were also available, (i.e., remote
access to the library card catalog and online databases,
software to facilitate statistical analysis, and word process-
ing for the drafting of a research proposal.)

After careful consideration, six HyperCard-based
"lessons" were prepared addressing the major units taught in
a research and statistics course. The titles of the HyperCard
stacks were:

Educational Research: An Introduction to the Process
Educational Research: Ethical Practices
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Figure 1. Timeline for Development and Implementation of HyperCard-
based Courseware into the Research and Statistics Course.

Educational Research: Fundamentals of Statistics
Quantitative Educational Research: Applied Statistical
Analysis
Educational Research: Qualitative Analysis
Educational Research: Evaluating zad Consuming
Educational Reseami,

Each of the HyperCard lessons presented fundamental
concepts related to the major topic. For example, in the
icsson on ethical practices, concepts such as participant risk,
confidentiality, informed consent, deception, and debriefing
were introduced. The HyperCard lessons also allowed a
great deal of interactivity, either by requiring a simple
answer to a question, or more often, by asking the student to
compose a response that would be taken to class and
discussed in greater depth. In the Ethical Practices lesson,
students were given a choice of six scenarios describing
various research studies. The students were to read these
scenarios and analyze how well each study addressed
participant risk, confidentiality, informed consent, decep-
tion, and debriefing. The analysis was then composed
within a HyperCard stack and printed.

The content of each of the stacks was a synthesis of
several references, however students did have a traditional
text for the class. In fact two different textbooks were used
across the four sections (Borg and Gall, 1989, and Gay,
1992). It was intended that the HyperCard lesson be
somewhat "text independent" so that future instructors
would still feel free to use their choice of textbooks.

Research Methods
The primary research questions addressed by this study

are:
How does the integration of computer-based

courseware affect student perceptions and feelings about
research and statistics
How does the integration of computer-based
courseware affect student perceptions of their learning in
a research and statistics course?
Does the use of computer-based courseware in a
research statistics course change student feelings
about using the computer?

In order to collect a broad range of data, both quantita-
tive and qualitative data were collected throughout the
month-long class. Quantifiable data concerning student
attitudes (anxiety, interest, confidence, and usefulness)
about computers, and research and statistics were collected
using the Computer Attitude Scale (Loyd and Gressard,
1984) and a modified version of the Computer Attitude
Scale, reworded to reflect attitudes about research and
statistics. These instruments were used during the first and
last class sessions.

At the beginning and end of the four weeks of class,
students were asked to reflect on the foliowing questions in
HyperCard-based journals:

Please take a moment to reflect on how your research
and statistics class is going. Is it what you expected? Is
it going along better, worse, or about the same as you
thought it might?
Please take a moment to reflect on the impact of the
computer-based courseware on your research and
statistics experience. What impact do you feel the
computer-based courseware is having on your learning
of research and statistics?
Please take a moment to reflect on the structure of the
research and statistics course. How do you feel about

250 Technology and Teacher Education Annual 1994

0



the instructional model being used? What impact do you
think this approach to research and statistics is having on
your comfort level and your learning in the class?

The journals also included eight questions that asked the
students to indicate their current attitudes toward research
and statistics and use of computers. Responses to these
questions were indicated on a five-point Likert scale, and
mirrored the Computer Attitude Scale (i.e., feelings about
anxiety, interest, confidence, and perceived usefulness.)

Qualitative Results
An analysis of the journal entries presented a wide range

of reactions. Some students communicated their anxieties
and frustrations with the subject-matter, as well as problems
with the technology. However, most students expressed
their interest with the courseware and their appreciation
with the manner in which the materials were individualized.
The following excerpts were typical responses made by
students throughout the month-long course:

Journal Entry #1

Question 1. Class Progression
So far I am about where I had expected that I would be
with reguards to research. I am very happy with the
research and statistics course because the assignments
are so practical and have helped clarify in my own mind
where I am going with my research and how I am going
to get there.

Question 2. Impact of Computer-based
Courseware

I believe that the computer-based courseware is going to
allow me to become far more fluent in research termi-
nology. I believe that it will accelerate my learning and
will give me greater confidence in two areas - computer
work and research and statistics.

Question 3. Structure of Course
Using the approach of learning at your own pace in class
is fundamental to the principle of life-long learning. To
me, personally, I feel at ease. I feel more ownership in
the work that I am doing. I believe that this approach
allows me to feel comfortable and I believe that I will
enjoy what I learn in this class.

Journal Entry #2

Question 1. Class Progression
I am very happy with the way my research course is
going. No, this is not what I expected. I thought when I
came down to Gonzaga that the research and statistics
course would be a lecture course where assignments
were to be done entirely out of class. It is going along
better that I had anticipated.

Question 2. Impact of Computer-based
Courseware

I believe that computer-based courseware will increase
the rate at which I learn the basic content of the course.

f' 1

It will also increase my typing rate. I believe that I will
learn more about what the computer can do so I can do a
better job of presenting my research.

Question 3. Structure of Course
I agree with the comment that I had made yesterday, that
is, I appreciate the model used with our class. Individu-
alized instruction keeps my dignity intact. Because there
is such a wide gap with regards to experience in our
group as well as interests it is important that we all feel
good about what we are doing. I feel very comfortable
in the class. By the way I am adjusting to "THE MAC".

Journal Entry #3

Question 1. Class Progression
Today's class was wonderful. I really enjoyed going
through the statistics notes. I actually enjoy graphing.
When I read the textbook, I was worried about the
complexity of the terminology. However, as I went
through the stacks, previous knowledge I attained from
previous courses came back to me. Being able to
visualize terms and make the associations from a set of
data to a graph was great.

Question 2. Impact of Computer-based
Courseware

My stance has not changed, and I would like to learn
more on how I can apply the same idea in my classroom.
Perhaps, it is possible for me to book the network lab at
our school for two weeks and go through notes and
concepts that I would like to touch upon in a French
class.

Journal Entry #6

Question 1. Class Progression
Stacks four and five were very interesting. In particular,
I enjoyed the set up of stack four. Having three levels
gave me tirne to reflect before going on to the next level.
I had this terrible urge to print all, and I do mean ALL,
the information listed. Perhaps I need a bit more
interaction with the computer as I go along. Actually, I
believe things are going better than I had thought
because the math is clicking in now. In fact, I am
beginning to understand better how to put word sen-
tences into mathematical sentences.

Question 2. Impact of Computer-based
Courseware

I continue to feel as I have since the beginning, that is,
computer-based courseware is helping me to make sense
of the textbook.

Question 3. Structure of Course
The instluctional model involves individualized
instruction and integration of technology which is great
for me. My teaching world is becoming far more
computer oriented and I am beginning to see ways I can
enable students by using the computer for certain aspects
of their learning. Especially if I keep my notes in an
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organized fashion, along with worksheets and exercises,
I can give the work to students who are absent from
class.

Journal Entry #7

Question 1. Class Progression
I was quite pleased with the way stack six was created. I
enjoyed reading the study and then doing some exercises
immediately following. The amount of information was
not at the overkill level. What I mean is that I like to
receive a little theory, then I like to interact with the
computer and do some exercises. If too much informa-
tion is given to me before I get a chance to use it in
practice, I become disinterested. Today was just great.

Question 2. Impact of Computer-based
Courseware

I am sure that I have a better understanding of the
concepts dealt with in this course as a result of the
computer. The textbook and lecture would have helped
me in the short-term but not the long-term.

Question 3. Structure of Course
Once again learning at my own individual level is good
but I enjoy the interaction with my peers and this
approach addresses my learning style needs.

Journal Entry 48

Question 1. Class Progression
Today, I worked on answering questions dealing with
quantitative research and I thoroughly enjoyed it. It was
a change of pace. I am also trying to reflect on my
experience over the past month. I am amazed at the
amount of information I have processed. It is incredible.
In fact, if you told me a year ago that I would be using
different programs on computers, as well as buying my
own computer, I would have laughed in your face. Now
I quite enjoy what I'm learning.

Question 2. Impact of Computer-based
Courseware

I am impressed with what and how we have learned the
course material. However. I am well aware that there
are some glitches to be ironed out (interaction exercises),
Overall, the course was great.

Question 3. Structure of Course
If I can relate and organize my classes with the same
approach towards individualizing instruction as this
course has been. I will be very happy.

The journal entries indicate that students felt they
learned more about research and statistics using the
HyperCard-based courseware combined with a guided
discovery/expository teaching approach. Student reflections
also indicate that they might consider incorporating a
technique similar to the research stacks, in their own
classrooms.

Quantitative Results
The attitude surveys were analyzed to evaluate changes

in students' perceptions and feelings about research and
statistics, and computers, both before and after the course.
The surveys addressed feelings of anxiety, confidence,
liking, and usefulness of research and statistics, and
computers.

While 85 students actually used the HyperCard-based
courseware, the results presented here reflect 46 participants
who agreed to complete the surveys and journals. Table I
presents demographic information about the 46 research
participants.

Each student was asked to classify their level of
computer use. Figure 2 represents the subjects level of
computer use. It is interesting to note that none of the
participants considered themselves expert computer users.
When analyzing the attitude scales by level of computer use,
there is a significant difference between lower level users
(N=22) and higher level users (N=23) on the computer
attitude survey only (F =52.64, F =45.99 p<.05).

The attitude surveys were comprised of statements
addressing anxiety, confidence, liking, and usefulness of
computers and research and statistics. Table 2 presents the
subscale means and standard deviations for the pretest and
posttest surveys. An ANOVA was conducted to determine
whether changes due to the intervention (the use of com-
puter courseware) were significant from pretest to posttest.
No significant differences were found from pretest to
posttest for the computer attitudes, however, attitude toward
research and statistics did improve significantly.

Additional analysis indicated that there were no
significant differences from pretest to posttest surveys as a
result of the instructor, user level, gender, age, or years of
teaching experience.

There was little relationship between responses on the
research and statistics attitude survey and the computer
attitude survey with a pretest correlation of .39 and a
posttest correlation of .074 on the total scales.

Conclusions
The results indicate that students felt better about

research and statistics when the HyperCard-based
courseware was used in conjunction with an expository/
guided discovery instructional approach. While there was
no statistically significant improvement in attitudes toward
computers, journal entries indicated that students enjoyed
using the computer as an integral part of the course, and felt
they might integrate individualized instruction in their own
classes by creating or using computer courseware. The
students also commented that the computer courseware
helped to individualize the insmiction in the research and
statistics course.

In general, the use of the HyperCard-based courseware
helped the students to overcome their anxieties about
research and statistics. Through the journal entries students
indicated helpful sections of the computer courseware.
They also helped to identify areas that needed revision.

Upon completion of several revisions to the computer
courseware, a presentation will be made to additional
faculty members who will be involved in the teaching of
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Table 1
Demographics of Research Participants

Gender

Primary
Computer
Platform

Age

Years
Teaching

Male
Female
Missing

Macintosh
IBM/DOS
Other

Range
Mean

Range
Mean

32 (71Tc)
13 (28%)
1 (1%)

24 (53.3%)
18 (40%)
3 (6.7%)

0-53 years
42,3 years

0-32 years
16.7 years

2 5

2 0

1 5a

1 0

5

0
1 1 .5 2 2 .5 3

User Status
Figure 2. Level of Computer Use.

(1=Novice, 2=Advanced Beginner, 3=Experienced, 4=Expert)

3. 5 4

research and statistics in the future, with the goal of fully
integrating computer technology into instruction in the
research and statistics course.
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Table 2
Subscale means for pretest and posttest surveys (N=46)

Pretest
Wan SD

Posttest
Mr= SD E 12

Computer Anxiety 41.30 5.86 42.35 5.39 .788 .37
Computer Confidence 40.50 6.97 41.95 6.93 1.009 .31
Computer Liking 39.87 7.03 40.97 7.20 .558 .46
Computer Usefulness 40.84 5.83 41.65 5.23 .485 .49

Total Computer Attitudes 162.52 24.4 167.19 23.60 .870 .35

Research & Statistics Anxiety 30.72 6.65 33.59 6.23 4.559 .03*
Research & Statistics Confidence 28.87 7.80 32.17 7.49 4.289 04*
Research & Statistics Liking 28.78 8.16 32.02 7.54 3.910 .05*
Research & Statistics Usefulness 29.80 6.53 32.13 6.58 2.894 .09**

Total Research & Statistics Attitudes 118.17 27.28 129.69 26.69 4.192 04*

p<.05
p<.1
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The Technology Intensive Calculus for Advanced
Placement (TICAP) project is a cooperative effort between
Clemson University, The College Board, and Educational
Testing Service. The project is funded by the National
Science Foundation, with substantial support from the
Hewlett Packard Company and Texas Instruments, Inc.

In 1992, at the end of the grading of the AP Calculus
examinations, 236 high school, college, and university
faculty members attended a three-day Institute that prepared
them to lead workshops which would help AP Calculus
teachers learn to use graphing calculators effectively in
instruction. Of the participants, there were 200 invited
participants, 14 South Carolina guests, the members of the
TICAP Team, and almost all of the living past committee
chairs and chief faculty consultants in the AP Calculus
program. The group now constitutes a cadre of educators
prepared to be teachers of teachers. Comparable Institutes,
planned for 1993 and 1994, will facilitate The College
Board's planned implementation of the required use of
graphing calculators on AP Calculus examinations begin-
ning as early as 1995.

TICAP participants are able to lead workshops for AP
Calculus teachers across the country in which improved
methods of teaching mathematics are demonstrated. These
workshop leaders, then, represent a forceful mechanism for
change in bo'n high schools and colleges. TICAP repre-
sents the best of systemic change; that is, working with
national programs to cause significant and comprehensive
change of the kind desired and endorsed by the leaders in a
content discipline. Indeed, much of secondary mathematics
is preparation for calculus, and more and more college
majors are required to meet and overcome the traditional
science and engineering calculus barrier. The mathematics
community has called for calculus to be a "pump and not a
filter," and many of the resulting open access proposals
merge technology into the traditional curriculum. If the AP
program is to do this, then AP Calculus teachers must have
specialized instruct'..onal materials. The TICAP project
addresses those needs.

In addition to the assurances that the project gives to The
College Board that AP Calculus teachers will be prepared to
deliver technology-enriched instruction, TICAP will
indi; ectly impact mathematics instruction in ..wo other
significant ways. First, schools will be motivated to
improve precalculus programs to prepare for changes in the
AP program. Second, as AP Calculus students, with
technology-enhanced secondary instruction, enter post
secondary education they will naturally expect and be
prepared to handle mathematics instruction that takes
advantage of today's computers and calculators. Colleges
and universities will have to respond to the expectations of
those students.
The TICAP project has four goals:
1. To increase and improve the conceptual and problem-

solving content of existing calculus courses by develop-
ing instructional materials that take advantage of
graphing calculator technologies.

2. To increase teacher compethnce through participation in
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workshops delivered by colleagues especially trained in
effective use of graphing calculators in calculus and
precalculus instruction.

3. To create incentives for incorporation of computing
technologies into calculus courses.

4. To explore ways that graphing calculators can help
currently under-represented groups to improve their
access to and successful completion of calculus courses.

The Institute was structured around a series of plenary
sessions on calculus content and equity issues. After each
plenary session dealing with content, there were discussion
groups, in which the content of the session was amplified
and uses of graphing calculators (from both Hewlett
Packard and Texas Instruments) were demonstrated and
discussed. Discussions and demonstrations were centered
around problems prepared by the TICAP team prior to the
Institute.

Evaluation Instrument and Analysis Plan
Items in the evaluation instrument were developed to

match major components of the Institute. Demographic
variables (e.g., teaching level) were selected to measure
expected major differences among participants.

Responses were available from 108 participants, though
virtually all forms had at least one missing datum. Quantita-
tive data were analyzed using analysis of variance
(ANOVA) for each of four demographic variables: (a)
teaching level (high school, university); (b) number of years
teaching calculus (0-4, 5-14, 15 up); (c) number of courses
taught with graphing calculators (0, 1-2, 3-5, 6-10); and (d)
experience as a workshop leader (1, 2, 3, 4, 5). Responses
to open-ended questions were entered into a concordance
program. Categories of responses werecreated by examin-
ing the concordance printout; responses were then tallied
according to these categories. For each open-ended item,
many of the forms were blank. This suggests that most
participants were basically satisfied and held no strong
positive or negative feelings about the 1992 TICAP
Institute.

Results and Discussion
This report focuses on the plenary sessions; data on

becoming better prepared to deliver workshops have been
reported earlier (Bright & Williams, 1993). Plenary
sessions are listea below with associated question numbers.
Participants rated each session on three scales: overall
quality, quality of presentation, and usefulness in explaining
integration of graphing calculators into calculus. Descrip7
five data are presented in Table 1.

7. The Power of Visualization in Calculus
8. Making Calculus a Pump, Not a Filter
9. Funcdons and Limits

10. Graphs and Continuity
11. The Derivative
12. Applications of the Derivative
13, Integration
14. Sequences and Series

15. Women in Mathematics

Table 1
Overall Means

a: Overall b: Quality c: Usefulness
Quality of for

Presenta ingratingtion te
calculators

Question n Mean n Mean n Mean

7 96 4.21 96 4.28 95 4.12
8 97 3.33 95 3.33 94 2.90
9 95 3.80 95 3.89 91 3.82

10 95 4.35 93 4.29 92 4.30
11 97 4.37 96 4.46 95 4.39
12 96 4.28 94 4.34 95 3.82
13 95 3.96 92 3.97 90 3.82
14 91 3.71 92 3.79 90 3.28
15 70 3.23 69 3.12 63 2.13

Generally the ratings are high, suggesting that the
lectures addressed the needs of participants. Based on
rankings of overall quality, however, the lectures seem to
fall into three distinguishable subsets. The highest-rated
plenary sessions (question number) were The Power of
Visualization in Calculus (7), Graphs and Continuity (10),
The Derivative (11), and Applications of the Derivative
(12). The next highest-rated plenary sessions were Func-
tions and Limits (9), Integation (13), and Sequences and
Series (14). The lowest-rated plenary sessions were the
panel discussion Calculus as a Pump, Not a Filter (8) and
the lecture Women in Mathematics (15).

There were essentially no differences in rankings of
overall quality and quality of presentations, but a few of the
lectures were rated somewhat lower on usefulness in
explaining integration of graphing calculators into calculus:
in the highest-rated sessions, lecture 12 only; in the next
highest-rated sessions, lecture 14 only; in the lowest-rated
sessions, both sessions 8 and 15. The topics of the highest-
rated plenary sessions dealt with fundamental content of
calculus and with fundamental uses of calculators in
teaching calculus. The topics of the lowest-rated plenary
sessions dealt with issues of equity that may not have been
viewed by participants as directly related to the use of
calculators in teaching calculus.

In order to refine understanding of the ratings, data were
subjected to ANOVA. Follow-up tests were computed for
all significant or marginally significant (p < .10) F-values
(Table 2).

The only differences thai were significant at the .05-
level were between high school and university teachers.
None of the other demographic variables produced signifi-
cant differences, though there were some marginally
significant comparisons (i.e., .05 < p < .10).

Three of the four significant comparisons were differ-
ences in perceptions of usefulness for explaining the
integration of graphing calculators into calculus (questions
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Table 2
Follow-up Data for Significant ANOVAs

Teaching Level

High School University

Question p n Mean sd n Mean sd

8a 0687 66 3.18 1.2 31 3.65 1.1

9a .071565 3.69 0.9 30 4.03 0.7

9b .096765 3.78 1.0 30 4.13 0.7

9c .030362 3.68 1.0 29 4.14 0 7

10a .047863 4.46 0.8 32 4.13 0.8

10c .035061 4.42 0.8 31 4.06 0.8

13b .057361 3.84 1.0 31 4.23 0.8

15c .014740 1.80 1.2 23 2.70 1.7

Number of Years Teaching Calculus

?$ p

0-4 5-14 15 up

X sd n X sd f: X sd

106 .07426 5.00 0.0 36 4.42 0.7 57 4.26 0.9

12a .08846 4.17 1.6 36 4.06 1.0 59 4.46 0.7

12b .07206 4.17 1.6 35 4.11 1.0 58 4.52 0.6

14b .09494 4.75 0.5 38 3.63 1.1 55 3.89 1.0

Number of Courses Taught with Graphing Calculators

0 1-2 3-5 6-10

? p n X sd n X sd n X sd n X sd

9c, 19c, 15c); two of these three (questions 9c, 15c)
represent perceptions of greater usefulness among univetsity
teachers as compared to high school teachers. If one
subsumes issues of integrating calculators into instruction
within the broad domain of pedagogy, this result is consis-

tent with the speculation that university teachers are
generally less knowledgeable about issues of pedagogy than
high school teachers. It is not clear why limits and gender
equity were the areas in which ,in; .'ersity teachers found
pedagogy concerns more relevan..

The two significant differences favoring high school
teachers dealt with the lecture on graphs and continuity:
overall quality (question 10a) and usefulness in explaining

integration of graphing calculators into calculus (question
10c). The content of this lecture seems to have been more

important or critical for the high school teachers. This result

might reflect a higher level of knowledge about continuity

among university teachers or it might reflect the need that
high school teachers have for finding explanations of this

difficult concept that make sense to high school students.

Conclusions
The data suggest that if technology workshop interven-

tions deal with issues globally, then subgroups of partici-

pants may not be served equally. The Concerns Based
Adoption Model (Hall & Hord, 1987) is one con eptual
framework within which needs of subgroups of participants
can be interpreted, but experience with content and types of
students taught might be equally important issues for
understanding the impact of the workshop on subgroups of
participants. Workshop leaders, of course, expect that
participants will come with different needs (e.g., how to use
a graphing calculator, how to organize a workshop for
teachers), and those needs can often be anticipated in the
workshop planning. However, it is more difficult to
imagine how participants will interpret and internalize what
occurs during the workshop through the filter of their
teaching experience (e.g., length of time teaching the
content, level of students taught). Much more investigation
of the effects of this filter is needed.
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Computer Programming: A
Medium for Instruction and

Learning

Patrick J. Casey
University of Hartford

The first microcomputers, introduced to the schools in
the late 1970s, were used almost exclusively to teach
students to program. Since then, the teaching of program-
ming has remained a part of computer education but its
position of primacy has eroded. Programming now
accounts for only a small part of computer use in most
schools.

The past fifteen years have witnessed nemendous
advances in the computer hardware available for school use
and in the quantity and quality of educational software,
accompanied by an evolution in thinking about how
computer technology cal: best be used in the service of the
educational process. Presently, computers are used in
schools primarily as tools, uch as word processors,
spreadsheets, and databases and as platforms for drill and
practice and other computer-assisted instniction (CAI).
Some argue that in the future the need for computer-based
tools will determine whether schools buy computers at all,
and other uses in schools will persist only to the degree that
this need for tools is met (Collins, 1991). Certainly
computer-based tools have already and will continue to
influence how work is :lone both in and out of school, and
while these uses should be encouraged, there is a wide range
of other computer applications that have the potential to
enrich the teaching and learning process at all levels. In
particular, computer programming once the only
computer application used in schools should remain as
one in the suite of such activities because of its inherent
problem-solving nature.

This paper will examine the change in emphasis, from
programming as the sole computer application to its position
as but one piece of the curriculum, and usually a minor one
at that, and will argue that programming is an activity that
fits naturally with the current emphasis on teaching prob-
lem-solving and higher-order thinking skills. It will suggest
necessary preparation for teachers who are to use program-
ming in their teaching, and finally, it will outline a model
course in programming for teachers pursuing advanced
training in computer and technology education.

What is Programming
Computer programming involves writing a set of

instructions dftecting a computer to cany out a specific task.
A computer programmer, therefore, analyzes a problem,
designs a solution, and then teaches a computer how to do a
specific task by writing a program. There are many
languages that nave been devised for programming comput-
ers from BASIC, which was built into early microcom-
puters and thus began the programming movement in
schools, to the new, highly popular hypermedia languages.
Essential to the discussion in this paper is the fact that the
basic concepts and constructs of prograrmning are the same
across all computer languages. Programming requires
c onstructs for input of data, output of data, internal process-
ing of data, making choices, and controlled repetition. At a
more advanced level, file and data structures must be
available. An expert programmer codes in a particular
programming language with mastery of the syntax of that
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language, but also understands the generalized nature of
prograrmning concepts she is using. For the purpose
outlined in this paper, that more general understanding of
programming is emphasized. I argue that this general
understanding can be efficiently mastered without necessar-
ily developing expertise in any particular vocabulary or
syntax, through a focus on the generalized constructs that
underlie all programming.

Traditionally school-taught programming focuses on the
most basic level of skill development in a specific language,
not unlike the traditional focus in other subjects. Rather
than approaching the study of programming or science,
mathematics, or history, for that matter from the
perspective of the underlying conceptual structure from
which facts and details emerge, it is, all too often, the details
that are emphasized in the instractional process. These facts
and details, without their underlying conceptual structure,
burden the student with unrelated information, and while a
student may know the syntax of a language (or the basic
math facts or facts about the periodic table, for example), he
is unable to apply that knowledge in attempts to solve
problems that arise outside specific subject instruction.
Computer programming, if it is to be more than the most
mechanical treatment of the simplest tasks, requires more
than just a knowledge of vocabulary and syntax. Like
traditional school subjects, it has a conceptual framework
which makes the study of programming a complete and
holistic activity. Professional programmers see their work
as more than just stringing together instructions to make a
computer work.

Michael Hawley, a programmer for Lucasfilms, Inc.,
views programming as a complex cognitive skill: What I

like about programming is that it really helps you think
about how we communicate, how we think, how logic works,
how creative arts work (Lammers, 1986, p. 311). In the
same vein, Ray Ozzie, who produces software for Lotus,
considers programming to be an ideal medium for creativ-
ity: Programming is the ultimate field for someone who
likes to tinker (Lammers, 1986, p. 186). Bob Frankston, the
programmer of VisiCalc, points to themetacognitive nature
of programming when he says: If you cannot explain a
program to yourself the chance of the computer getting it
right is pretty small (Lammers, 1986, p. 159).

Why Teach Programming
Programming has been a part of the computer curricu-

lum since the introduction of microcomputers into the
schools in the late 1970s. However, in the last 15 years
computer technology has evolved so much that the first
school computers are now viewed as very primitive devices,
and early computing activities in schools are considered as
unsophisticated attempts to marry technology to instruction.
This revolution in computer hardware has been accompa-
nied by an evolution in thinking about how computer
technology should be used in education. The change in
thinking about programming's place in the curriculum
mirrors this evolution in the application of technology to the

educational enterprise and the focus on concept Jevelop-

0V7

ment resulting from modern learning theory.
While most early microcomputers came equipped with

the programming language, BASIC, very little other
software was available, and so educators who wanted to use
computers were essentially confined to teaching BASIC. In
fact, there was little teaching of programming going on.
What was being taught was BASIC, vocabulary and syntax.
Teachers were encouraged to learn BASIC so that they
could write their own educational software; administrators,
arguing for computer funding for their schools, claimed that
it was necessary to teach programming to all students to
better prepare them for a technology-rich future. Everything
pointed to a computer-dominated future which would
demand a work force of computer programmers.

However, by 1984 many educators were taking issue
with the emphasis on teaching BASIC (and by then some
other languages as well) as a route to a future job market. In
1985, Joseph Weizenbaum, one of the most thoughtful
critics of computers in the schools stated: but I oppose the
idea of teaching programming as a fonn of computer
literary - something children are supposed to need for a
future world pervaded by computers. Oh, there's no doubt
tha our world will be pervaded by computers. But they will
be essentially invisible in the same way that electric motors
are invisible; we use electric motors all the time, but we
don't have to be trained as electrical engineers to do so
(Brady, 1985, p. 25).

By that time, it was obvious that technology was
changing so rapidly that technology-specific tasks learned in
elementary and high school would be outdated when those
students entered the work force. No one could predict what
the hardware would look like in ten or fifteen years and
certainly languages were so rapidly evolving that emphasis
on any one language could no longer be justified under the
"preparation for the work-force" argument. The thrust of
educational computing overcorrected in response to
criticism, essentially throwing out most teaching of pro-
gramming for a short while. However, the inherent value of
programming continued to be recognized, and during the
past ten years or so, we have witnessed waves of favor and
disfavor.

The introduction of Logo in the early 1980s and the
continued use of Logo served to keep the teaching of
programming alive in the schools even in times when
traditional programming fell into disfavor. Logo was
introduced solely as a medium for achieving curricular goals
other than skills in programming. Seymour Papert, Logo's
creator, intended to provide young students with a means of
creating microworlds for the exploration of mathematical
concepts, and saw the debugging required during program- .
ming as an excellent way for students to develop problem-
solving skills. In schools where Logo is introduced to
children in the manner intended by Papert, it serves as a
medium for the development of conceptual knowledge and
as a means to learn and practice thinking skills. Although
the use of traditional programming languages had, for the
most part, fallen into disfavor, reports of positive findings
from schools using Logo kept alive the idea that program-
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ming had a place in the curriculum.
Historically there have been several rationales for

including programming instruction in the curriculum. It is
argued that in learning to program, students develop an
understanding of how a computer operates. There are two
aspects to this position. First, programming students use
computers, and anyone who uses a computer will develop a
better understanding of the machine and gain confidence in
using the tool. Second, programming students learn a
language to communicate with a computer and thus gain an
understanding of logic of computer operation. However,
with the arrival of large numbers of other computer
programs, this is no longer a compelling reason to teach
programming. Students routinely use computers for a wide
variety of activities (both in and out of school), furthermore,
the logic of computer use has become more and more
removed from the average user because of the introduction
of higher level user interfaces.

Others claim that programming involves the use of
higher-order thinking skills and therefore, instruction in
computer programming and subsequent programming
experience has a direct, positive effect on the development
of these skills. There is no question that successful program-
mers use higher-order thinking skills to write effective,
well-designed programs. The mostly unanswered question
is whether already clear and logical thinkers become
successful programmers or whether people can become
clear and logical thinkers by writing computer programs
(Vockell and van Deusen, 1989). A number of researchers
has attempted to answer this question. Pea and Kurland
(1984), for example, failed to observe the predicted benefits
of greater planning and other higher-order thinking skills in
students learning Logo programming.

Closely related to the thinking skills claim is the
assertion that programming can be a fertile ground for the
development and practice of problem-solving strategies.
Programming is an activity made up of many components
such as comprehension of a problem, composition, debug-
ging, and verification. For many years now, it has been
argued that successful programming demands an interaction
of many complex cognitive skills (Irons, 1982;
Shneiderman, 1980). Many of these skills appear to be
similar to the skills identified as those required for effective
problem solving. Thus, computer programming should
provide a fertile field for instruction in problem solving.

One of the most demanding components of program-
ming is debugging, the process of locating and correcting
errors in a faulty program (Myers, 1978; Vessey, 1985).
Debugging is a continuous cycle of generating hypotheses
and testing solutions until the error is found. As such,
debugging has the hallmarks of an excellent problem-
solving activity. The teaching and subsequent practice of
debugging involves students in the practice of problem-
solving activities in an environment that is at once both
engaging and challenging (Casey, 1991).

There is ample evidence that the problem-solving skills
of our pre-college students need to be strengthened, yet the
generally acknowledged failure of existing approaches to

develop and improve these skills, including that of overtly
stressing work on problem solving as part of the mathemat-
ics curriculum, does not seem to have worked. Clearly,
more effective alternatives are needed. Because computer
programming has the potential to provide students with a
forum for problem solving that is both challenging and
engaging, it is an alternative curriculum area for teaching
and practicing problem solving. Students involved in a
well-taught programming course are given the freedom to
analyze problems, to design solutions, and to strive at
making those solutions work, thus giving them a sense of
ownership of the problem.

Because of the nature of the task, mistakes, or program-
ming bugs, are almost certain to be a part of any newly
written program. in the writing of programs, students
actually create their own bugs, thus the task of problem
solving becomes even more personal. Programming, then,
allows the student problem solver to become not only a
problem solver but also a problem poser. l'his aspect of
problem solving is often neglected in traditional instruction.
Giving students the freedom to design and write their own
programs, presents them with the opportunity to pose
problems, to solve these problems by writing computer
programs, and to practice problem-solving skills while
debugging their own problems. It is this intense practice at
problem solving that provides for the most important
charateristic of a good problem solver: a fund of experi-
ence.

The Need for Teacher Training
In the early days of educational computing, program-

ming was taught by teachers who, for the most part, were
self-taught programmers. Many of these programming
teachers were computer enthusiasts, but they had neither
deep domain-specific knowledge nor an understanding of
the pedagogical requirements of teaching programming. If
all one needs to teach a subject is knowledge of the subject,
then every experienced computer programmer would be a
good programming teacher. This belief denies the existence
:f a body of knowledge of teaching, and the importance of
an understanding of teaching and learning. I argue that a
good teacher of programming must possess two sets of
skills: a knowledge of programming and a knowledge of
how to teach programming.

Perhaps this is where the early experience with program-
ming went so wrong. Programming was taught for the sake
of learning a specific language. Programming was a new
curricular area, and theory and practice of teaching pro-
gramming had not yet developed into a pedagogy. As
Marshall McLuhan would say the medium was the message.
A more enlightened view sees programming as a medium
for teaching and practicing other concepts and skills. The
teacher needs specific training to understand that program-
ming is such a medium, and to avoid confusing the knowl-
edge of "programming" in a specific language (and as an
end in itself), with the other educational goals that are
achievable using programming. The notion that teachers, if
they are to introduce programming concepts, have a
responsibility to become familiar with how computer
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programs should be developed is not the same as requiring
teachers to become professional computer programmers,
To fully master a programming language and be able to
work professionally as a programmer requires much time
and effort. Rather, what is intended is that teachers gain a
conceptual understanding of programming techniques as
well as hands-on experience with computers, using one or
two programming languages that are popular in thc schools
(Brownell, 1992). These teachers then need to develop
expertise in problem solving and the pedagogy of teaching
programming so that the programming skills that they have
developed can be put into a curricular context. Mo.A studies
of student programmers that fail to show transfer of skills
learned in programming to other curricular areas cite, as a
possible reason for this lack of transfer, failure of teachers to
facilitate that transfer. Learning to solve problems or to
exercise other higher-order thinking skills is not intrinsically
guaranteed by working in a computer programming
environment; it must be supported by teachers who know
how to foster the development of such skills through
judicious use of examples, projects and direct instruction
(Pea & Kurland, 1984).

What to Teach Those Who Teach Programming
Students completing degree programs in educationtl

computing and technology will be expected to teach, or
support those who teach, programming in the schools. If
elementary and high schools are to be encouraged to use
Logo, Pascal, and Hyper Talk as media for teaching and
practicing thinking and problem-solving skills, teachers
must be prepared to facilitate such environments. Since the
concepts and constructs underlying the logic of computer
programming are the same for all languages, preparation in
teacher education programs should focus on those general-
ized concepts and structures, as illustrated in a variety of
languages, rather than the mastery of any one language.
Because of the emphasis on the development of thinking
skills, the focus is not on the training of programmers but on
providing a forum for the learning and practice of thinking
skills. Students completing a master's degree in educational
computing and technology should be equipped to support
the teaching of programming from this perspective.

A Model Course
At the University of Hartford, we have a master's

program in computing and educational technology. Gradu-
ates of this program find employment as elemmtary and
high school teachers, as special education teachers, as
school and district-wide technology coordinators, and in

adult training environments using technology to support
learning. Most of these educators require a knowledge of
programming either for their own teaching or to support
those who use programming in instruction. Instruction in

any one specific language would not satisfy the needs of

such a diverse group.
Additionally, we have found that other courses in our

program are more successful if students have a good
grounding in the concepts developed during programming
practice. Courses in design and evaluation of educational

software, multimedia production, and robotics require the
framework provided by a knowledge of programming.
Again it is not knowledge of one programming language
that is required, rather, it is the knowledge of what underlies
all programming languages. The course that we use to
provide this background for our students is called Educa-
tional Technology: Programming Concepts.

This course provides in-depth exploration of the
concepts and constructs underlying all educational software.
The students use a variety of computer programs, to
examine how computer programs are built and discuss how
computer programs can support a variety of learning styles.
Students are expected to analyze commercial educational
software and to design and code a simple educational
application in the language of their choice. The objectives
for this course include:

Analysis of the underlying structure of a computer
program
Suggestions of realistic and implementable improve-
ments for a piece of educational software
Creation of a storyboard/flowchart for an educational
application, indicating the essential programming
structures
Definition of and explanation of the underlying con-
structs and concepts in computer programs
Implementation of at least a skeletal version of an
educational application in a programming language of
the student's choice (Logo, Pascal, HyperTalk,
QuickBASIC)
Discussion of how and why certain educational applica-
tions are appropriate for students with different learning
styles

Students enrolled in this course attend class for three
hours per week. Class sessions consist of lectures, demon-
strations, and discussion of sample applications. Students
are required to spend an appropriate amount of time in the
computer lab completing the following requirements.
Students are expected to:
1. Write an analysis of a selected educational application,

discussing how the program was created and suggesting
modifications. The student will be expected to incorpo-
rate suggestions for improvement or extension based on
his/her knowledge of learning theory and programming
practice.

2. Write a script of a computer program incorporating
language appropriate for a target age group and justifica-
tion for the program based on knowledge of develop-
ment needs of the target group. The script will be
expanded into a storyboard and/or traditional flowchart
for a computer program.

3. Code a computer application using one of the languages
commonly used in pre-college settings (Logo, Pascal,
HyperTalk).

A sample syllabus for Educational Technology:
Programming Concepts is shown in Table 1 to illustrate the
range of topics covered during classroom sessions. This
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Table 1
Sample Syllabus for Educational Technology: Programming Concepts
Session Topic

1. Irtroduction and overview: Demonstration of commercial and student created software and a discussion of
the utility of such programs.

2. Programming concepts introduced: Internal processing, input, output, whiles (repetition), eithers (choice).
3. Demonstration programs followed by whole group and small group analysis based on programming

constructs introduced above.
4. Flowcharting and storyboanling.
5. Advanced constructs: File and Data structures explained. Logo lesson and demonstration of data structure.
6. Learning theory and computing.
7. Analysis of computer programs (Simulation, Problem solving, and CAI) and a discussion of the constructs

present in each. These programs will be coded in a variety of languages.
8. Group design, storyboarding and coding of a simple application ("Create your own fiction" using Logo).
9. Review of constructs. Comparative examples using Logo, Pascal, and Hyper Talk.

10. Why teach programming? What language should be used?
11. Problem solving. Algorithms and heuristics. A problem-solving model.
12. The debugging process. A group debugging activity.
13. Critiques. Student demonstrate their applications others give written critique.
14. Final exam. Students reply to written critiques. Students analyze a new educational application.

syllabus is adjusted from semester to semester to accommo-
date the needs and experience of the course participants.

Conclusion
The debate about the teaching of programming in

schools has not attenuated in the past decade. The argu-
tmnts, however, still mostly center on the teaching of
programming as preparation for jobs. However, if computer
progranuning provides a rich, challenging environment for
the learning and practice of problem-solving skills and other
thinking skills, it can be argued that it should be a part of
any school curriculum whose goals include the teaching of
such skills. It is a positive way to address one of the most
vital problems facing our schools: our children are not, at
present, developing problem solving and other thinking
skills. The teaching of programming can be one positive
solution.

Of course, it is crucial that in the inclusion of program-
ming in the school curriculum, we focus on excellent
teaching. Teachers of programming need specific domain
knowledge (in this case, computer programming) but they
also need to fully understand problem solving and the
heuristics involved. Further they must be aware of the
pedagogy needed to assist students in making the transfer of
skills learned in programming to other areas of the curricu-
lum and, indeed, to other situations outside school.

The course described in this paper was designed to
prepare teachers to teach programming from this perspec-
tive. The intention of the course is to provide teachers with
a broad understanding of programming as a process and its
focus is to prepare teachers to teach programming, not as a
skill in itself, but rather as a medium for the development
and practice of problem-solving and thinking skills.
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Will Different Types of
Computers Affect

Inservice Teachers'
Learning of Computers?

Yuen-kuang Liao
National Hsinchu Teachers College

2S

Recently, there has been an emphasis on examining how
students' perform in different computer learning environ-
ments. The discussion has raised the comparison between
Macintosh computers (MAC) and IBM PC's (EBM) (Halio,
1990; Heid, 1991; Kaplan & Moulthrop, 1990; Levy, 1990;
Slatin, 1990; Youra, 1990). One article, particularly,
compared these two types of computers from a technical
viewpoint including such factors as expansion flexibility,
running speed, and ease of use and concluded that "the Mac
is the better computer, but the (IBM) PC remains the better
computing value" (Heid, 1991). Another study conducted
by Williams compared the Macintosh and IBM PC in
laboratory applications and concluded that "the IBM PC is
the most useful general-purpose personal computer for
laboratory applications" (Williams, 1986, pp. 129). Halio
(1990) also conducted a study to compare students' writing
in MAC or IBM computer learning environment, and
reported that students using IBM computers wrote better
than those using MAC computers. Although, several
articles argued that Halio's study was flawed by poor
experimental design and was filled with questionable logic
and evidence (Kaplan & Moulthrop, 1990; Levy, 1990;
Slatin, 1990; Youra, 1990), the results of these studies seem
to favor the IBM PC in terms of its technical features and
usefulness. Since MAC and IBM are two types of comput-
ers that have been widely used in the educational setting, it
is important to examine students' performance and attitudes
toward computing in a MAC or IBM computer learning
environment.

Research objectives
The major purpose of the present study was to examine

the effects of different types of computers on students'
perf.sinnance and attitudes toward computers. More
specifically, the study attempted to examine the effects of:
(a) types of computers (i.e., Mac vs. IBM); (b) gender (i.e.,
male vs. female); and (c) measurement occasion (pretest vs.
posttest) on inservice teachers' knowledge of computer
literacy, misconception about computing concepts, and
attitudes toward computers.

Fundamental computing concepts
Galloway (1987, 1990) has developed a theoretical

model to demonstrate the relationships among five comput-
ing concepts. In his model he defined a command_as an
instruction to the computer that calls for an immediate
action. Computer data is information typed into the
computer by the user; it is also information reported to the
user that is generated by the computer itself. A file is a
named location on a disk that contains some type of
information, either a computer program or stored data. A
computer program is a list of instructions (commands)
designed to perform a task or tasks. And the term "com-
puter language" refers to the set of rules which allow the
computer to interpret commands calling for some specific
action and establishing the allowed syntax for commands.
The five computer concepts selected for the present study
followed the theoretical model developed by Galloway
(Galloway, 1987, 1990).
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Attitudes toward computers
Computer attitudes refer to "an individual's feeling

about the personal and societal use of computers in appro-
priate ways. Positive attitudes include an anxiety free
willingness or desire to use the computer, confidence in
one's ability to use the computer, and a sense of computer
responsibility" (Simonson, Maurer, Montag-Torardi, &
Whitaker, 1987). Loyd and Gressard (1984) categorized
computer attitudes as computer anxiety, computer confi-
dence, and computer liking.

Method
The following section describes the subjects, instru-

ments, and the computer literacy course used in this
research study.

Subjects
The subjects participating in the present study were 38

inservice teachers in a state-supported, public university
located in a major metropolitan city in the Southwest.
Nearly 68% of the subjects were female and about 89% of
them were white. In addition, 62% of the subjects were
between the ages of 18 and 35. The teacher education
program in the university participating in the present study
requires all students majoring in education to complete an
introductory computer literacy course. Owing to the limited
number of computers in the College of Education, the
course was taught in two different computer labs. One lab
was equipped with 18 networked Macintosh Plus (MAC)
computers, and the other lab had 15 networked IBM PS2
(IBM) computers. Students enrolled in the course were free
to choose from the two labs, however, each lab would only
accept the first 20 students enrolled. As a result, 18
inservice teachers enrolled in the MAC lab, while 20
inservice teachers enrolled in the IBM lab.

Computer literacy course
The content of the computer literacy course taught by

the university involved in the present study included: (a)
word processing; (b) database; (c) spreadsheet; (d) Logo;
and (e) BASIC. This model of computer literacy was
consistent with that proposed by Thompson and Friske
(1988) in which several applications were emphasized and
programming was only a component part. The general
expectation for the course is for education students to
achieve a simple level of operation of applications software
(e.g., word processing) and to write simple programs in
Logo and BASIC.

Microsoft Works 2.0 was selected as the major software
for students in both classes to learn word processing,
database, and spreadsheet applications. Additionally,
Object Logo 2.0 and Microsoft BASIC 2.0 were used in the
MAC lab, while Logowriter 2.0 and GW BASIC were used

in the IBM lab. Two experienced instructors, one a

doctoral degree and the other with a masters degree in

instructional technology, were chosen to teach one of the

two classes. Both instructors have extensive experience
teaching computer literacy courses at a variety of grade

levels.

Instruments
Three instruments were used in the present study. First,

to evaluate inservice teachers' computer literacy, the
Computer Literacy Examination: Cognitive Aspect
(CLECA) developed by Cheng, Plake, and Stevens (1985)
was selected. The CLECA was developed to assess
students' general knowledge about computers. The internal
consistency alpha value and the test-retest reliability for this
32 item test were .87 and .90 respectively.

Second, to assess inservice teachers understanding about
essential computing concepts, a computer concept test was
developed by Galloway (1987, 1990) that was designed to
measure preservice teachers' misconception about the
computing concepts of: (a) command; (b) data; (c) file; (d)
languale; and (e) program. The test consists of 40 multiple
choice questions, eight on each of the five concepts. The
test has been found reliable and valid, and has been previ-
ously used with preservice teachers (Galloway, 1987, 1990).

Third, to investigate inservice teachers' attitudes toward
computers, the Computer Attitude Scale (Loyd & Gressard,
1984), which consists of 30 Likert-scale divided into three
ten-item subscales: computer anxiety, computer confidence,
and computer liking, was adapted. Alpha reliability
coefficients of the computer anxiety, computer confidence,
and computer liking were .87, .91, .91, respectively. The
results of the factor analysis for this instrument also showed
high intercorrelation among the subscales (Loyd &
Gressard, 1984). In addition, the instrument has been
previously used with students at varied school levels (Loyd
& Gressard, 1984; Loyd & Gressard, 1986; Loyd & Loyd,
1988; Massoud, 1990; Massoud, 1991).

Procedures
Because the random assignment of subjects was not

possible, the nonequivalent control-group design was
selected for the present study (Borg & Gall, 1983). At the
beginning of the Spring academic semester, 1991, all 38
subjects completed all three instruments. The subjects, 18
in the MAC lab and 20 in the IBM lab, then completed the
16-week Computer Literacy course. The same instruments
were administered to all subjects near the end of the
academic semesuT. Owing to some personal problems, four
subjects in the IBM group did not take the posttest, their
data was therefore deleted from the posttest analysis. The
pretest and posttest data were collected and coded.

Data analyses
Nine one-way analysis of variance tests (ANOVA) were

employed for all dependent variables (achievement,
command, data, file, program, language, computer anxiety,
computer confidence, and computer liking) for the pretest to
examine if there were any statistically significant differ-
ences (p <.05) between two groups (MAC and IBM). To
examine if subjects had significant gains from pretest to
posttest, nine one-way ANOVAs were performed again for
meastmement occasions (pretest vs. posttest). Finally, nine 2
x 2 factorial ANOVAs were used for group by gender for
the posttest to examine if there were any statistically

264 Technology and Teacher Education Annual 1994

n 4 )
.;4.,



significant differences: (a) between groups; (b) between
gender, and (c) the interaction between group and gender.

Results
Table 1 summarizes means and standard deviations for

the pretest. The results of nine one-way ANOVAs for all
dependent variables show that there were no significant
differences between the Mac group and the 133M group for
the pretest, indicating that there were no initial group
differences statistically.

Table 2 summarizes the results of nine one-way
ANOVAs for measurement occasions. The results show

two significant differences. Inservice teachers had signifi-
cant gains from pretest to posttest at achievement (F = 6.04,
df = 1170, p <.05), and computer anxiety (F = 5.35, df = 1/

70, p <.05). No other significant differences were found.
The means and standard deviations for the posttest are
displayed in Table 3. Overall, inservice teachers had slight

to mild increase on their knowledge of computer literacy,
misconception about computing and attitudes toward
computers after 16 weeks of instniction.

Table 4 summarizes the results of nine 2 x 2 factorial
ANOVAs for group by gender in the posttest. The results
show one significant difference for gender on the File
dependent variable (F = 8.67, df = 1/30, p <.01) and one
significant interaction for gender by group on the Data
dependent variable (F = 4.75, df = 1/30, p <.05). Male
subjects scored significantly higher than female subjects on

File. The significant interaction indicates that male subjects
in the EBM group had higher scores than female IBM

subjects and all subjects in the MAC group on Data. No
other significant differences or interactions were found. The
means of the posttest for group by gender are displayed in
Table 5.

Figure 1 shows the comparison of attitude scores for
pretest-posttest differences between the MAC group and the
IBM group. Although the group differences did not reach
the significant level (p <.05), the IBM group had higher
pretest-posttest gains than the MAC group for all three
subscales. Also, the IBM group developed lower computer
anxiety, higher confidence and liking toward computers
from pretest to posttest while the MAC group only de-
creased its computer anxiety. Moreover, the MAC group
had higher scores for all three subscales than the IBM group
at the pretest, but had lower scores at the posttest.

Discussion
The results of the present study indicate that there were

significant differences for achievement and computer
anxiety, suggesting that inseivice teachers did increase their
knowledge of computer literacy and decrease their computer
anxiety after 16 weeks of instruction. However, inservice
teachers did not significantly improve their understanding
about essential computing concepts. Also, they did not
significantly increase their computer confidence and liking
toward computers. The results of the 2 x 2 factorial
ANOVAs indicate that there were no significant differences
between MAC and IBM groups on all nine dependent
variables, suggesting that, in general, different types of
computer learning environments (e.g., MAC vs. IBM)

Table 1
Means and Standard Deviations for the Pretest

Dependent
Variables

MAC
(N = 18)

IBM
(N = 20)

Total
(N = 38)

X SD X SD X SD

Achievement 18.0' 5.4 16.3 6.5 17.1 6.0

Misconception
Command 6.4' 1.4 5.9 1.3 6.1 1.4

Data 4.4 1.4 4.5 1.6 4.4 1.5

File 5.6 1.5 4.9 1.8 5.2 1.6

Program 4.2 1.4 4.8 1.5 4.5 1.4

Language 4.8 1.5 4.9 1.2 4.8 1.3

Total 5.1 1.0 5.0 0.8 5.0 0.9

AttiMde
Anxiety 28.7' 6.1 26.3 5.9 27.4 6.1

Confidence 33.2 5.6 31.3 4.9 32.2 5.3

Liking 30.9 6.4 29.8 6.3 30.4 6.3

Total 30.9 4.5 29.1 5.1 30.0 4.9

a. The possible maximum score for achievement is 32.

h. Tne possible maximum score for each subscale in misconception is 8.

c. The possible maximum score for each subscale in attitude is 40.
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Table 2
Summaries of One-way ANOVAs for Measurement

Source df MS F

Achievement
Between group 1 203.23 6.04*
Within group 70 33.66

Total 71

Misconception
Command

Between group 1 4.24 2.21

Within group 70 1.92
Total 71

Between group 1 2.119 .93

Within group 70 2.28
Total 71

Between group 1 3.37 1.36

Within group 70 2.48
Total 71

Program
Between group 1 0.26 0.12
Within group 70 2.19
Total 71

Language
Between group 1 5.24 3.08
Within group 70 1.70

Total 71
Attitude

Anxiety
Between group 1 163.67 5.35*
Within group 70 30.60
Total 71

Confidence
Between group 1 11.94 0.48
Within group 70 24.97
Total 71

Liking
Between group 1 5.56 0.13
Within group 70 43.12
Total 71

P <

seems to have very little influence on inservice teachers'
learning of computers. The only significant difference
found for gender on the variable File indicates male
inservice teachers may develop better understanding of the

concept of File than females after a semester of instruction.
The significant interaction for group by gender on Data
indicates that male subjects in the IBM seem to understand
the concept of Data better than females subjects as well as

subjects in the MAC group. This is perhaps the only
evidence that can indicate the influence ofdifferent com-

puter learning environments on inservice teachers' learning
of computers. However, the evidence was too weak to be

significant.

The findings that the IBM group had higher pretest-
posttest gains than the MAC group for computer attitudes
seem to suggest that inservice teachers may develop more
positive attitudes toward computers in the IBM computer
learning environment after 16 weeks of instruction. More-
over, the results that the MAC group had higher scores for
all three subscales than the IBM group at the pretest, but had
lower scores at the posttest seem to suggest that the MAC
computer is possibly an easier type of computer than the
IBM computer for inservice teachers to start with; but as
instruction extended to 16 weeks, inservice teachers may
change their preference of computers. However, given that
the group differences did not reach the significant level, the
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Table 3
Means and Standard Deviations for the Posttest

Dependent
Variables

MAC
(N = 18)

IBM
(N = 16)

Total
(N = 34)

X SD X SD X SD

Achievement 22.21 4.8 18.5 5.9 20.5 5.6
Misconception

Command 1.5 6.7 1.3 6.6 1.4
Data 4.7 1.1 4.8 1.9 4.8 1.5

File 5.7 1.4 5.5 1.7 5.6 1.5

Program 4.6 1.4 4.8 1.7 4.6 1.5

Language 5.5 1.4 5.3 1.2 5.4 1.3

Total 5.4 1.0 5.4 1.0 5.4 1.0
Attitude

Anxiety 30.1c 5.7 30.9 3.8 30.4 4.9
Confidence 32.4 5.1 33.6 4.2 33.0 4.7
Liking 29.5 8.3 32.5 4.6 30.9 6.9

findings require more evaluation.

Conclusion
Previous studies have discussed the possible influences

of types of computers on students' writing (Halio, 1990;
Kaplan & Moulthrop, 1990; Levy, 1990; Slatin, 1990;
Youra, 1990) and laboratory applications (Williams, 1986).
The findings from the present study seem not to agree with
their view. In order to improve inservice teachers' perfor-
mance in computer courses and increase their attitudes
toward computers, it is perhaps more important and
practical for educators to emphasize their instruction more
on the teaching materials and instructional strategies rather
than focus on the types of computers being used. As an
educator in computing, it is important to keep in mind thAt
any eAucadonal innovation is just a tool for delivering
knowledge. Whether use of one type of educational
innovation such as the IBM PC is as efficient or any more
efficient for improving students' performance in computer
courses than the other type of educational innovation such
as the MAC computer is decided by the people who use it,

rather than the innovation itself.
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Table 4
Summaries of Two-way ANOVAs for Group by Gender in Posttests

Source 4: Ms F
Achievement

Group (A) 1 40.46 1.49

Gender (B) 1 73.86 2.72

A x B 1 41.68 1.54

Error 30 27.13

Misconception
Command

Group 1 0.47 0.23

Gender 1 0.07 0.04

A x B 1 0.69 0.34

Error 30 2.04

Data
Group 1 2.74 1.28

Gender 1 3.64 1.70

A x B 1 10.13 4.75*

Error 30 2.14

File
Group 1 0.01 0.01

Gender 1 16.47 8.67**

A x B 1 0.14 0.07

Error 30 1.90

Program
Group 1 1.54 0.64

Gender 1 1.11 0.46

A x B 1 2.57 1.07

Error 30 2.41

Language
Group 1 0.31 0.17

Gender 1 0.22 0.12

A x B 1 0.22 0.12

Error 30 1.83

Attitude
Anxiety

Group 1. 28.24 1.18

Gender 1 14.90 0.62

A x B 1 51.92 2.17

Error 30 23.93

Confidence
Group 1 28.40 1.27

Gender 1 27.40 1.23

A x B 1 16.50 0.74

Error 30 22.29

Liking
Group 1 89.10 1.83

Gender 1 0.75 0.02

A x B 1 19.44 0.40

Error 30 48.61

*P<.05 **13.31
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Table 5
Means of the Posttest for Group by Gender

Group
Deperwnt
Variables MAC IBM Total

Achievement
Male

Female

Total

22.71'
(N = 7)
21.91
(N = 11)
22.22
(N = 18)

22.75
(N = 4)
17.08
(N = 12)
1E.5
(N t--- 16)

22.73
(N = 11)
19.39
(N = 23)
20.47
(N = 34)

Misconception
Command

Male 6.43° 7.00 6.64

Female 6.64 6.58 6.61

Total 6.56 6.69 6.62

Data
Male 4.43 6.25 5.09

Female 4.91 4.33 4.61

Total 4.72 4.81 4.77

File
Male 6.57 6.75 6.64

Female 5.18 5.08 5.62

Total 5.72 5.50 5.62

Program
Male 4.43 5.50 4.82

Female 4.64 4.50 4.57

Total 4.56 4.75 4.65

Language
Male 5.29 5.25 5.27

Female 5.64 5.25 5.44

Total 5.50 5.25 5.38

Misconception Total
Male 5.43 6.15 5.69

Female 5.40 5.15 5.27

Total 5.41 5.40 5.41

Attitude
Anxiety

Male 29.29° 34.00
Female 30.55 29.84 30.17

Total 30.06 30.88 30.44

Confidence
Male 32.71 36.25 34.00

Female 32.27 32.75 3232
Total 32.44 33.63 33.00

Liking
Male 28.29 33.50 30.18

Female 30.27 32.17 31.26

Total 29.50 32.50 30.91

Attitude Total
Male 30.10 34.58 31.73

Female 31.03 31.58 31.32

Total 30.67 12.33 31.45
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Comparison of Pretest and Posttest

between MAC and IBM
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Figure 1. The Comparison of Athtude Scores for Pretest-Posttest Differences between MAC and IBM.
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Linkway Live!: A Planning
Tool For Reaching

Consensus

Gary G. Breegle
David Lipscomb University

A unique, interactive, multimedia application of
Linkway Live! was used as a planning tool in a qualitative
research project to reach consensus about powerful learning
experiences. Public school teachers, home school parents,
and church Sunday school teachers attended a training
workshop and identified: (a)personal examples of powerful
learning experiences; (b)reasons why their learning experi-
ences were powerful; (c)major barriers to experiencing
powerful learning; and (d)practical strategies for overcom-
ing the barriers. Interactive screens were uzed to record and
analyze information communicated orally by each of the
teachers at the workshops. Several development problems
were overcome during the evolution of the Linkway Live!
application which included pictures of a real-life powerful
learning experience taken on location with a digital camera
and captured into the application via Digital Video Interac-
tive (DVI).

Teachers, Interactive Multimedia, and
Planning

One thing is certain about the education profession
today: it is changing dramatically, creating new and exciting
opportunities for educators to expand their influence.
Teachers are becoming more involved in the school and
community as leaders of instructional teams, school-based
decision-making teams, and as leaders in curriculum
development. Within these new opportunities, can interac-
tive multimedia help teachers plan for change?

Teachers
A teacher must be a "planner who develops methods to

implement a vision of the future in order to prepare students
for life in the 21st century." (Chan, Fortunato, Holte, Morse,
November, 1988, p. 10). This type of planning requires that
our educational system be:

less hierarchical and more integrated; a system which
takes full advantage of a wide spectrum of technologies...
rurriculum content and processes that more accurately
reflect the complexity of today's world and how human
beings learn and function... conditions and structures in
which individuals can design, experiment, develop, tcst,
and innovate (Ray, 1989, pp. 8-9)

Within this new structure, teachers have exciting opportuni-
ties to impact curriculum in the classroom (Monson &
Monson, 1993, p. 19).

Interactive Multimedia
Because multimedia interacts with our natural senses it

can be "more intuitive, more spontaneous, and even more
fun" (IBM, 1992, p.3). Park and Hannafin (1993, p. 81)
suggest that "designers must expand their perspective to
consider teaching and learning methods and models
heretofore unfeasible or unavailable.., and identify the
implications of the principles and heuristics for interactive
multimedia." With interactive multimedia, "related prior
knowledge is the single most powerful influence in mediat-
ing subsequent learning...new knowledge becomes increas-
ingly meaningful when integrated with existing knowledge"
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(Park and Hannafin, 1993, p. 68). These principles also
apply when using ;nteractive multimedia for planning.

Planning
The "key success in all education reform is coalition-

building through consensus and critical ingredients of the
success include the development of a broad vision...practical
objectives to be achieved and practical actions to be taken"
(Cortines, 1993, p. 10). Interactive multimedia applications
can help teachers reach consensus and develop strategies to
mansform their visions into reality. However, teachers must
remember that "multimedia represents a fundamental shift
in how we have processed, communicated, received, and
thought about information" (Floyd, 1991, p. x). The
principles of "sandbox (a multimedia environment), dirty
learning (total emotional and physical immersion), and
mucking around (no ulterior correct way in mind) are keys
to effective learning in all levels of education from kinder-
garten through teacher inservice," (Ferris and Roberts, 1989,
p. 18) and teachers must find ways to incorporate these keys
when using multimedia applications in the planning process.

Purpose of the Project
The purpose of this research project was to investigate

the effectiveness of Linkway Live! as a planning tool for
teachers. Qualitative research methods used in this project
are "considered more amenable to the diversity of 'multiple
realities' one finds in a complex field situation" (Borg &
Gall, 1989, p. 385). Data were gathered without a precon-
ceived theory with the intent that grounded theories emerge
as the project progresses (Borg & Gall, 1989, p. 386).

Method
No preconceived theories or hypotheses were proposed

with the intention that grounded theories about multimedia
applications in the planning process and powerful learning
experiences would emerge as the project progressed.

Subjects
Participants in the project were either K-12 public

school teachers (29) or parents who home schooled their
children and/or taught in a church Sunday school program
(10). All 39 participants volunteered to attend a workshop
in which the project was conducted. The K-12 teachers
attended one workshop, and the home school and church
school teachers attended another workshop. Approximately
75 percent of the participants were female and no participant
had less than 3 years of teaching experience.

The K-12 workshop was part of a summer training
institute curriculum for public school teachers who were
interested in learning how to integrate technology into their
curricula. Participants in the home school and church
school workshop were invited to attend by church leaders
for the purpose of improving home school and church
school instruction.

Specialized Equipment
Initially, a HyperCard folder was displayed using a

Macintosh computer and a color LCD panel. However, as
the project progressed the application was replaced with a

Linkway Live! folder which was displayed using an IBM
multimedia computer and a color LCD panel.

Procedure
The procedure consisted of seven steps: (1)The

participants were informed that they would work together to
describe the characteristics of a powerful learning experi-
ence, identify barriers to powerful learning experiences, and
develop strategies to overcome the barriers; (2)A powerful
learning experience was defined as an experience which
produced new knowledge with a lasting positive impact on
the participants and which could be recalled in great detail;
(3)The participants were told to begin thinking about one of
their powerful learning experiences while pictures of a real-
life powerful learning experience taken on location with a
digital camera were shown. The pictures related a story
about how an encounter with a poisonous snake caused a
local fisherman to discontinue wading the shores of a
favorite lake and build a small fishing boat; (4)The partici-
pants were asked to communicate orally a one or two word
title for their most powerful learning experience and briefly
describe the experience. Their responses were recorded on
a folder page via the keyboard; (5)The participants were
asked to communicate orally two or three words that best
described why their experiences were so powerful. Their
responses were recorded on a folder page and then dis-
cussed; (6)111e participants were asked to work in small
groups to identify barriers to powerful learning experiences
and strategies for overcoming the barriers. Results were
shared and discussed among the participants; and (7)The
core principles of Foxfire (Ruff, 1992, pp. 4-5) and the
philosophy of Critical Teaching (Perkinson, 1993, pp. 34-
46) were reviewed by the participants within the context of
their collective definition of a powerful learning experience.

Results
The results of this qualitative research project can be

looked at by considering the experiences, reasons, barriers,
strategies and reactions of the participants.

Experiences
Table 1 contains a list of the words which the partici-

pants used to title their powerful learning experiences.

Table 1
Powerful Learning Experiences of Workshop
Participants

K-12 TeachersHome School/Church Teachers
Turtle
Skydive
Fire
Science
Tornado
Bottle
Snake
Poem
Soap
Parenting

Clay sculpture
Duck's operation
Sunscreen
Coral reef
Softball
Childbirth
Ducklings
Observation
Virginia
Teddy bear

Book Choral festival
Illness Giving birth

Moving to CA
Dad's death
School board
Home Ec. class
Family trip
Car repair
Drama class

Healed marriage

Angel
Library
Sick child
Cat
Nun
Transition
Decorator
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Reasons
Table 2 contains a composite list of words that the

participants in both workshops used to explain why their
experiences were so powerful.

Table 2
Reasons Why The Participants' Experiences
Were So Powerful

Survival Trust
Safe Values Caring
Open door Emotions
New Necessary
Patience Continuous
Revelation Relevant
Practical Friends
Faith Useful

Role model
Lasting impact
Mistakes
Accomplishment
Gratifying
Demanding
Self-discovery

Barriers
There was consensus among the K-I2 workshop

participants that the major barrier to powerful learning
experiences in the public schools is the requirement that
teachers teach and students master specific knowledge and
skills in designated subject areas. The major barrier cited by
the home school and church school teachers was the lack of
teacher training and motivation. Other barriers cited during
both workshops were the lack of parental or custodial
support, lack of quality resources because of inadequate
financial support, and the wide range of students' individual
needs.

Strategies
To overcome the barrier of required subject matter, the

K-12 teachers agreed that the best strategy is to somehow
"make the students think they are having fun while they are
learning the subject matter." Their strategy focused
primarily upon the student.

The home school and church school teachers agreed that
more teacher training opportunities and planning sessions
would be helpful strategies. They focused primarily upon
improving their skills as teachers through additional training
and peer encouragement.

Participants in both workshops agreed that parents and
guardians need to become more involved in the education
process. They also agreed that increased financial support is

needed.

Participant Reactions
Participants in both workshops expressed approval of

interactive multimedia as a planning tool. One evidence of
the effectiveness of interactive multimedia was the degree to
which participants were able to recall workshop outcomes.
Several months after the workshops were conducted
participants were able to quickly and accurately recall their
lists of experiences, barriers, and strategies during informal

discussions about the workshops.
Only one of the K-12 teachers initiated a follow-up

request regarding the workshop and that was to ask for a

copy of the plans from which the fisherman built the boat.

However, several of the home school and church school
teachers requested that the workshop be repeated for their
colleagues who could not attend.

Discussion
Project participants were able to identify the characteris-

tics of a powerful learning experience and to determine
strategies for overcoming barriers to powerful learning
experiences. Although Floyd (1991, p. 233) categorized
multimedia applications into the areas of public access,
merchandising, education, and training, the results of this
project support the use of multimedia applications as
planning tools.

Although Linkway Live! provided "object oriented
programming, accessibility to normal folks, interactive
graphics and text, and the rest of the inventory of features
necessary to enable hypermedia on the PC," (Harrington,
Fancher, & Black, 1990, p. 321) problems were encountered
with it during the project.

Problems Encountered
Linkway Live! has the advantages of blank screen pages

upon which to work (no menu bars or folder titles), a DVI
capture routine that compresses graphics, easily edited page
items, and a runtime version that may be stored with the
application on a single diskette. However, it has one major
disadvantage. Graphics captured with the Linkway Live!
DVI routines are stored in compressed files that have an
atypical file extension (.AVP). The use of these DVI files in
a runthne version of Linkway Live! requires that the DVI
capture card be present. The DVI files cannot be converted
to more typical graphic formats by using conversion
routines supplied with Linkway Live! or by using other
common graphics conversion programs. The problem may
be circumvented by using a more common capture program
which produces picture files in a common graphic format.
The problem then becomes the storage requirements for the
graphics in typical formats, i.e. a single runtime version
diskette cannot hold the Linkway Live! application and the
graphic files.

Another problem encountered was that Linkway Live!
folders must be stored in either a development format
(changes can be made) or a read-only format (changes
cannot be made). The only way to input text during
planning sessions is to use the folder in a development
format which requires double-clicking of the mouse and
places dotted lines around the page item used. The applica-
tion cannot be used in the runtime version because the
runtime version automatically puts the application in a read-
only format.

Implications
Interactive multimedia can be an effective planning tool

to help teachers reach consensus about educational issues
such as how to help students have powerful learning
experiences. However, Linkway Live! applications for
planning purposes could be more "user friendly" if the DVI
capture routine permitted storage of captured graphics in the
standard Linkway Live! formats (e.g. .PCV) and if informa-
tion could be entered as text on a page in a full-screen edit
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mode without double-clicking the mouse.

Further Research and Development
Quantitative research regarding the cognitive and

affective impacts of interactive multimedia when used as a
planning tool is necessary to more accurately estimate the
effectiveness of this type of application. Teachers and
administrators need an Internet site designated as a reposi-
tory for Linkway Live! folders that have been successfully
used for planning purposes so that they may share their
development questions and applications.
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The role of technology in the schools ims changed a
great deal over the last decade. The change is due to
hardware and software developments in the technologies
available to, and being used by the schools. We are
witnessing the emergence of interactive instructional
computing and it is the most powerful technology ever used
in education.

The Challenge to Graduate Teacher
Education

Graduate education programs are faced with the
challenge of preparing teachers for an increasingly complex
instructional environment Reduction in economic support
and resources, the under prepared student, and the increas-
ing recognition of diverse learning styles are just a few of
the realities that today's teachers will encounter. In
addition, the current climate of educational reform will
require that educators accept much more responsibility and
a higher level of accountability for instructional outcomes.
Administrators and parents are requesting more technology
for students to use, but the presence of technology alone
does not insure learning; rather what is crucial is effectively
incorporating technology into the learning environment.

To prepare new or experienced teachers for these
challenging environments, graduate education programs are
reassessing the skills that teachers need and are adapting
their curricula accordingly. At Philadelphia College of
Textiles and Science pregam in Instructional Technology,
we believe the follow;..ig skills are critical for today's
teachers:

I. Ability to armlyze the learner, the specific educational
environment, instructional content and outcomes
desired.

2. Understanding of various learning theories and the
effective integration of theory and practice.

3. Familiarity with new and emerging technologies for
learning.

4. Ability to design, develop and evaluate interactive
technologies.

S. Familiarity with the purpose of educational research
in the field of instructional technology and its
implications for classroom teachers.

6. Preparation for work within a field that is rapidly and
constantly evolving.

The Challenge of Multimedia
Technology

The emergence of multimedia technologies has had a
profound effect on the educational profession and the
professional educator. The computer is no longer only a
"tool" for making mundane tasks more manageable; it has
introduced a new paradigm for learning. By including the
design, development and evaluation of multimedia (the
ability of the computer to combine text, graphics, video and
sound within a single medium) in their curricula, graduate
programs can prepare teachers to evaluate, integrate and
even produce effictive and efficient multimedia instruction.

Interactive multimedia applications are now capable of
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the incorporation of sound, mtwing and still images, text,
graphics and animation. Visual colapJting environments
now allow for the combination of extant and emerging
media such as CD-ROM, CDI, the graphic digitizer, the
read-write optical disc, and digital and analog video. This
innovative mixing of text, audio and visuals allows learners
to explore and integrate vast libraries of information.

For educators responsible for designing and/or selecting
materials for teaching, the task now involves the following:
(1) selecting the most effective media with which to convey
specific forms of information; and (2) harnessing the
pedagogical power of each of these media while at the same
time ensuring an educational experience that provides
efficient and effective learning. In addition, innovative
authoring tools (e.g., HyperCard, Toolbook, Authorware
Professional) offer non-programmers access to techniques
of creating multimedia instruction that were heretofore only
available to technical "experts" in computer programming.
In addition, the notion of easily and accessibly linking data
provides new methods of structuring informationwhich
requires a more diverse and sophisticated understanding of
the human processes of learning.

The complexity of multimedia technologies has also
precipitated a role change for the learne7 in instruction.
With more power in the hands of the learner, he or she may
now exercise options of choice not hetetofore possible. To
anticipate these learner choices, educators must recognize
and investigate the varied and diverse learning styles present
in any target audience; educate themselves about the formal
elements of various media, as well as each media's instruc-
tional potential; and sekct those instructional strategies and
options that are effectin for diverse learning styles.

Ambron and Hooper (1988) compare the proliferation of
interactive multimedia instruction to the effect that Galileo's
discovery had on his world:

Fifteenth-century Europeans "knew" that the sky was
made of a closed, concentric crystal sphere, rotating
around a central earth, and carrying the stars and
planets. This "knowledge" structured everything
they did and thought, because it told them the truth.
Then Galileo's telescope changed the truth.

Galileo's discovery precipitated a transformation of
knowledge, and provided humanity with a new lens through
which to view the world. Similarly, the extraordinary
developments in multimedia technologies in recent years
has furnished education with a new lens through which to
cxamine learning. Interactive multimedia provides educa-

tors with new ways of analyzing knowledge and new
insights into educating learners. In effect, the very methods
of structuring educational experiences are being altered.

Multimedia instruction can empower teachers by

providing learning environments that are more individual-

ized and that can be monitored and adjusted to meet learner

needs. The potential of multimedia to address varied
learning modalities by making use of a wide spectrum of
media also provides teachers with more options for address-

ing those modalities through both the presentation and

delivery of instruction.

After conducting a review of related literature and
attending several national and local conferences, several
pertinent themes have emerged. These include: (1) the pace
of technological change is rapid and unending; (2) graduate
education programs need to change in order to play a major
role in the educating and training of students for a techno-
logical society; and (3) emerging technologies can provide
both the foundation and the impetus that are needed to teach
and train today's students to be tomorrow's educators. In
order to respond to these themes, graduate education
programs must face several challenges, including:

Providing current hardware and software
resources
Adapting curricula to multimedia technologies
Attracting qualified faculty to teach multimedia
related courses
Providing students with multimedia-appropriate
design, development and evaluation skills

In the Instructional Technology program at Philadelphia
College of Textiles and Science, we have taken several steps
to meet the above challenges. These are described in the
next section.

M.S. in Instructional Technology
In the M. S. in Instructional Technology program at

PCT&S, we take a blended approach to technology and
teacher education. The emphasis is on the design, develop-
ment, and production of computer-based interactive
technology in education and training. Students take both
theoretical and practical, or "hands-on" courses. Among the
"hands-on" courses, students can select from either PC or
Macintosh-based resources to experiment with such popular
authoring tools as HyperCard, Toolbook and Authorware
Professional.

Required courses include Fundamentals of Instructional
Design; Research in Instructional Technology; and Applica-
tion Software. In the Interactive Media I class, also
required, students work with a variety of technologies
including video discs, CD ROM, Mac Recorders, as well as
color scanners, and digitizers. The purpose of this class is to
demystify the technology as well as the jargon associated
with it. Students learn how to capture video, pull it into a
computer program and edit the video and audio portions of
the program. In addition, course objectives require that
students develop a rationale and budget plan for the
purchase and implementation of interactive tech inologies,
configure and set up an interactive media station; and
develop lesson plans for integrating interactive media into
existing areas of the curriculum.

The Design and Development of Computer-Based
Instruction and the Interactive Media II class are the
consecutive capstone classes for the program. The former
flows into the latter as students put into practice what they
have learned throughout the program. Students work in
design teams and have the opportunity to work with local
companies who have entered into partnerships with the
College to produce specific instructional materials. We
have found that this combination of actual "hands-on"
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experiences provides an excellent foundation for under-
standing the design. development and implementation of
multimedia instruction for both schools and industry.

Discussion of student-produced
programs

Because PCT&S students actually produce multimedia
instruction as part of their course work, we have visual
proof that the combination of theoretical and practical
courses is particularly effective. To date, graduate students
have produced HyperCard, Toolbook and Authorware
Professional programs on such topics as: Introductory
French and Spanish; Teaching the Effects of Prejudice
Using the Holocaust; Total Quality Management, Introduc-
tion to Educational Technologies; Musical Instruments,
Photography, and Driver Training Skills. We have found
these programs to be exceptionally well-design and
developed, and some students have been nationally-
recognized for their multimedia programs through confer-
ences and publications.

Conclusion
Over the centuries, the core of what we teach in our

colleges and universities has changed dramatically. But the
ongoing process has been a slow evolution (Seymour,
1988). Graduate education programs must respond the
changing needs of society. Technology changes too rapidly
for these programs to adopt a wait and see stance.

Philadelphia College of Textiles and Science has taken a
leadership posture in the development of programs and
policies that foster excellence in teaching. Clearly, change
must occur within our educational system to insure that we
prepare students for the 21st century. A critical piece of the
educational system are graduate education programs.
Therefore, these programs must respond to the challenges of
today's society by providing teachers with the skills
necessary to confront diverse student populations and an
increasingly technologically-dependent society. We believe

the approach taken at Philadelphia College of Textiles and
Science can serve as a model for other programs to adopt or
adapt as they attempt to change their approach to teacher

education.
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Special Education!
Inservice Training in

Correctional Centers via
Audio and Computer

Conferencing.

Rosanne Hessmiller
University of New Mexico

The College of Education at the University of New
Mexico (UNM), through its Divisions of Learning and
Teaching (Special Education), and Innovations in Education
(Distance Education), is collaborating with the New Mexico
State Departments of Adult Corrections, Education, and
Children, Youth, and Families to address the timely issue of
special education personnel development in New Mexico's
juvenile and adult correctional facilities. The product of this
collaboration is a pilot study comparing the effectiveness of
audio and computer conferencing in the delivery of special
education training to educators in correctional facilities.
This study examines how two different interactive telecom-
munication strategiessynchronous audio-conferences and
asynchronous computer conferencesmanage the delivery
of a field-based special education course employing
collaborative and individual problem solving assignments.
The course is being delivered into 18 correctional facilities
in New Mexico, seven facilities receiving the course over
audio conference, eleven over the computer.

The Problem
The prevalence of individuals with disabilities may be as

high as three times greater in United States prisons than
among our general population (Keilitz and Casey, 1988 and
Snow and Briar, 1990). Currently, the correctional institu-
tions in the United States serve a collective population of
some 1.1 million men, women, and children. In addition to
those incarcerated, nearly 3.5 million persons are under
community supervision. Within the incarcerated population
alone, more than 400,000 (40%) are believed to suffer from
some handicapping condition (Coffey, 1983). In 1987, a
review of the literature by the Institute on Mental Disability
and the Law suggested that approximately 50% of the
youths in correctional settings have a disability that may
qualify them for special education services (Power-Cluver
and Yaryan, 1992). In 1991, Rutherford indicated that
nationally, 40 to 60 percent of juveniles in correctional
facilities received special education when enrolled in public
schools.

Research continues to confirm education as the most
economical rehabilitation tool available for all individuals in
correctional institutions (Brown, 1990; Fink, 1991). Men,
women, and youth whose educational programs enable
them to attain employment or seek further training are less
likely to recidivate and are better equipped to advocate for
themselves and contribute to the lives of their families
(Lanier, Philliber, and Philliber, 1991). The Individuals
with Disabilities Education Act (IDEA), mandates individu-
alized and appropriate education for all students with
disabilities through age 21, even when they are imprisoned.
Section 504 of the Vocational Rehabilitation Act of 1973
and the Americans with Disabilities Act of 1990 prohibits
discrimination based on a disability for individuals of all
ages.

However, most of the adult inmates needing special
education are not served at all; juveniles, if they are served,
receive only marginal or inadequate services (Rutherford,
Nelson, and Wolford, 1985). Only five states claim partial
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compliance with the law in their correctional facilities
(Eggleston, 1990).

One major stumbling block in implementing the
Education for All Handicapped Children Act (P.L. 94-142)
in correctional settings has been the difficulty in finding and
hiring qualified special educators (Leone, 1986). Recent
data indicates that there is less than one special education
professional per correctional institution in this country.
Unfortunately, special education teacher shortages are not
confined to correctional facilities. There is a critical
shortage of special education teachers in rural and remote
regions all over the United States. In New Mexico for
example, nearly 500 teachers hold emergency certificates or
teaching waivers, thus comprising a significant proportion
of service delivery in the field. These professionals must
complete at least nine credit hours of course work per year
to retain their positions, a difficult task in isolated areas far
from colleges or universities. This shortage of specialists
exacerbates the dilemma of finding and hiring special
educators to work in correctional facilities. It seems more
realistic to offer training to the professionals already
working in the correctional facilities, many of whom have
already expressed great interest in special education
training.

Prison facilities in New Mexico are spread across wide
geographical areas, frequently in isolated rural settings.
Educators in these correctional settings have very few
opportunities to share their classroom expertise or concerns
with one another, have limited access to educational and/or
resource centers and materials, and have needs unique to
their settings. The difficulties recruiting and retaining
educators in rural and isolated facilities and the need to
continuously upgrade teachers' skills require a radical
change in the way teacher training is conducted. Teachers
are generally asked to travel to university centers at night
after a full day's work, participate in one or two day
workshops, or relocate for one-week summer intensives.
Once on campus, teachers typically lose their professional
status and are, as students, inundated with ideas, materials,
and suggestions for later application in their classrooms.
Often what they learn is not applicable to their actual work
settings.

Professionals would be better served if training and
information were delivered directly into their workplace and
generated participant input. Research has shown that when
learners are respected and brought in on the design and
evaluation of the training, their approach to the content and
consequent assimilation of the material is enhanced (Henri,
1992). Distance education technology is a viable means for

the group design and delivery of teacher training and
information transfer. In 1991, Knapczyk espoused collabo-
rative learning supported by teleconferencing as an effective

method of personnel development in rural and isolated
settings. The research conducted by Kirby and Boak (1987)
and Hiltz (1990), demonstrates audio and computer
conferencing's ability to allow a collaborative process
where the knowledge and experience of learners are
incorporated in the design and training. However, the

ability of audio and computer conferencing to allow for
interaction and networking does not necessarily suggest that
"learning" will be automatic. Carefully planned training
and assignments are essential to enable interactive group
structure and facilitate learning in a collaborative mode.

Hiltz (1988) describes the essence of collaborative
learning as knowledge that emerges from active dialogue
among those who are seeking to understand and apply
concepts and techniques. Access to teleconferencing at the
jobsite increases learning potential. Answers acquired
through conferencing, can be immediately applied in the
work situation that houses the problem. Through the
exchange of practical strategies and discourse with peers,
instructors, and mentors, participants become actively
involved in a dynamic and growing course content.

Course Description
A course entitled 'Teaching the Special Needs Learner

in Correctional Education," was designed by the author and
Dr. Eggleston (a Correctional/Special Educator from
California State University San Bernadino) specifically for
correctional educators, using teleconferencing technology.
The author and Dr. Eggleston are team-teaching the course
electronically from New Mexico and California respec-
tively. Electronic staff classrooms have been established in
18 of New Mexico's Correctional Facilities, including all
the adult prisons (male and female), juvenile detention
centers, county jails, public school detention homes,
juvenile and adult diagnostic and development centers, a
psychiatric treatment center, and the Department of
Corrections' training academy.

The course is being offered for graduate or undergradu-
ate credit (3 credit hours) and will last one semester. The
objective of the course is to offer correctional educators an
opportunity to: try out special education classroom strate-
gies; develop a deeper awareness/understanding of the
nature of disabilities; form a network of colleagues,
mentors, and field experts; and interact with other agencies
in order to more successfully impact the education/rehabili-
tation of their students. The course is scheduled to run for
twelve weeks. The first two weeks of the course are
dedicated to learning the conferencing technology. Partici-
pants, both on the audio and computer systems, join mock
conferences, set up their own conferences, and send
messages electronically. The third week of the class is
directed at the legal issues and laws concerning individuals
with disabilities and the difficulties of implementing special
education in the correctional facilities. The remaining nine
weeks are divided equally into the following disability
categories: mental illness, :Tiental retardation, and learning
disabilities.

The correctional educators in both the juvenile and adult
facilities receive the course during the regular work day as
part of their scheduled preparation period. The participants
are also welcome to conference on their own time whenever
convenient. Access to the instructors, colleagues, technical
support, and experts in the field occurs entirely over audio
or computer conference. Participants will have continuous
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access via conference to the course instructors, their
colleagues, mentor teachers, and fled experts from around
the state of New Mexico.

Collaboration occurs in small groups within the facilities
and among colleagues at distant sites (e.g., educators at the
women's prison collaborating with colleagues at the girl's
juvenile center) via conferencing technology. Participants
conference with mentor teachers and field experts, indepen-
dent of their instructors, in order to solve problems and
complete assignments (e.g., educators at the jail and
educators at the psychiatric treatment center conferencing
with a field expert on Fetal Alcohol Syndrome). Students
have continuous access to a technical support team (an
information analyst/librarian from Hamilton, New York,
two student assistants from the departments of Criminology
and Training and Learning Technologies at UNM, and a
high school student with computer expertise from Albuquer-
que High School). Mentor teachers and field experts have
been solicited from the fields of Special Education, Voca-
tional Rehabilitation, Mental Health, Criminal Justice,
Correctional Education, Public Health, and Developmental
Disabilities.

Prior to the start of the course, the author/instructor
traveled to each of the 18 sites in order to install and test the
conferencing equipment, administered a pretest of special
education competencies, trained the participants on how to
use the conferencing equipment, demonstrated how to
problem solve collaboratively, and solicited from the
participants a hierarchy of their training needs. Six months
prior to the course delivery, the University of New Mexico
hosted a two-day training session for the correctional
educators. On the first day the educators met the two
instructors faceTto-face and learned about the format/content
of the course. On the second day they were given e-mail
accounts and an introduction to the Internet. A survey
conducted at this time generated the following areas of
concern: traumatic brain injury, attention deficit disorder,
conduct disorder, fetal alcohol syndrome, substance abuse,
mental illness, mental retardation, communication disorders,
learning problems, and infectious diseases. All participating
sites received a printed text, "Special Education in the
Criminal Justice System," and a study guide containing
course assignments. The study guide, in a three-ring binder,
contains a week-by-week description of the course develop-
ment. This study guide is purposely designed as a "shell"
providing the core of the curriculum while remaining open
for expansion, allowing the participants to direct their
training as the conferences progress.

The guide is written in conversational style and contains
the syllabus, participant introductions (including the
technical support team and field experts), photos of all
participants, readings, assignments, and the audio or
computer conferencing manual. The author, with the
assistance of the technical support team, created audio and
computer conferencing manuals describing how participants
and instructors can use the technology to access the course
content and maximize its potential.

Audio Conferences
Seven sites are receiving the course over audio confer-

ence and are equipped with speaker phones, facsimile, and
answering machines. All audio conference bridges are
supported by Preferred Communications , selected for its
myriad services: ongoing training and support, pre-notifica-
tion, taping of conferences (allowing for transcript analysis),
continuous monitoring, and subconferencing (allowing
participants to break into teams or small groups with an
operator standing by). Participants are asked to fax to their
colleagues a brief biography. The course focuses on three
disability areas: mental retardation, mental illness, and
learning disabilities. Three weeks are dedicated to each of
these areas. On Monday of each week, at a designated time
throughout the duration of the course, a formal one-hour
conference between the instructors and the participants is
conducted. The instructors conference for one hour with 4
sites, disconnect, then establish a conference with the
remaining 3 sites. These conferences center around a set
topic but may take many different forms (lecture, reactor
panel, guest speaker, participant presentation etc.). During
the first week, participants discuss the disability topic for
approximately 20 minutes (discussion based on readings or
previous experience), go offline for 15 minutes to perform
an associated activity, come back on to discuss the activity,
and return online to generate areas of concern, case histo-
ries, and prior problems or strategies associated with that
disability area. Each participant leaves the conference with
an individual assignment (e.g, strategies to ny out in their
classrooms) and an assignment involving team problem-
solving across distant sites, designed to generate better
understanding of the disability being studied. Field experts/
mentor teachers are assigned or suggested to assist this team
problem-solving assignment.

Participants are instructed to try out the classroom
strategies with their students and send a short reaction on the
success or failure of the suggested classroom strategies via
facsimile to their instructors. They also prepare to discuss
the results of the individual assignment on Monday of the
second week. Participants are instructed to collaborate with
their teammates (onsite and distance) and field experts
initiating their own independent audio conferences.
Solutions to the problem and information on the disability
gleaned during the independent conference calls, was edited
and distributed by the team and sent via facsimile to all
participants. Teams led the formal one-hour Monday
conference call on the third week, sharing with the entire
group the information they discovered.

Computer Conferences
Eleven sites are receiving the course via ,,omputer

conference and are equipped with PC's containing word
processing, communications and conferencing software.
The conferencing software, CoSy, was chosen for it.% ease of
use by computer novices and its ability to allow group
problem solving.

The following conferences have been created inside the
conferencing software: Syllabus, Cafe', Introductions,
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Technical Help, Weekly Topic, Individual Assignments,
and Team Assignments. On Monday , week one, the
instructor types into the Wtekly Topics conference details
of the disability undei discussion. Participants are directed
to open this conference, carry out associated activities, and
generate areas of concern, case histories, and prior problems
or strategies associated with that disability area. There are
no time constraints in asynchronous computer conferencing.
Participants have coctinuous access to the Weekly Topic
conference and leave he conference with an individual
assignment (e.g., str-legies to try out in their classrooms)
and an assignment involving teams group problem-solving
across distant sites to generate better understanding of the
particular disability being studied. Field expert/mentor
teachers will be assigned or suggested to assist with this
assignment.

Assignments on the computer conference are identical to
the audio conference; however, computer participants are
instructed to collaborate with their team mates and field
experts inside Co Sy in conferences labeled Team Assign-
ment, and/or create and moderate their own conferences.
Solutions to the problem and information on the disability
gleaned during the conferences are edited and distributed by

the team or group and sent via e-mail to all participants
(post delivery is acceptable). Similar to the audio confer-

ence, computer conferencing teams lead the conference
labeled, Weekly Topic on Monday of the third week,
sharing with the entire group the information they discov-

ered.

Research
Pre and post tests, questionnaires, goup interviews, a

learning styles inventory, and transcript analysis are being
used to determine the effecti veness of the audio and

computer conferences in delivering special education
inservice training into the correctional facilities. In addition

to mastery of concepts, as demonsirated on a course grade,
participants will be administered pre and post tests to
ascertain whether they have an increased knowledge base,

are able to apply the material of the course in new contexts,
express their own independent ideas, and synthesize the
information. Participants' attitudes concerning collabora-
tive learning assignments and the outcomesof the assign-

ments will be matched to participants' learning styles.
The transcripts of both the audio and computer confer-

ences will be carefully analyzed, focusing on the learning
process as revealed in the conference messages. Five
dimensions of the learning processes will be highlighted:

participation, interaction, socialization, cognition, and
metacognition. The computer conferencing transcripts will

be analyzed using software designed by Dr. Henri at the

TeleUniversite in Montreal, Canada. Group interviews will

be used in order to solicit open, spontaneous, participant-led

discussion.

Atterword
In 1973, Wedemeyer stated that people should not be

denied the opportunity to learn because they are poor,

geographically isolated, in poor health, socially disadvan-
taged, institutionalized, or otherwise unable to place
themselves within the institution's setting. Before correc-
tional educators can offer educational access to incarcerated
students with disabilities, they themselves need information
and training.

Audio and computer conferencing can offer critically
needed inservice training to all isolated educators while
affording them an opportunity to interact local!), and
nationally with instructors, colleagues, databases, library
resources, and educational centers. The technology we
choose for distance education and workplace training will
serve our educational needs only winn we understand how
to utilize it to its maximum capacir, . We need to under-
stand our audience and the abilities of our instructors, and
work together to cmsider the critical elements of the
learning process as we design future teacher training.
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Distance education offers an exciting means of provid-
ing training to teachers in rural areas (Knapczyk, 1991;
Knapczyk, Brush, Rodes, & Marche', 1993). But discus-
sions of distance education too often focus on rapidly
developing high-end technologies, with their astonishing
promise for future communicationand their even more
astonishing price tags. In the excitement over new techno-
logical achievements, we often lose sight of the more
practical issue of how to develop a workable model for
distance education in the present times of tight budgets and
limited resources. We may forget that the quality of
distance education depends less on the sophistication of the
technology employed than on the skillful harnessing of
available resourcesboth technical and human (Keegan,
1990). To be successful, inservice insauction must be
based on the practical application of technology to teacher
education, and on the cooperation of universities and school
corporations in offering field-based courses and practicum
experiences.

For the past five years, India:-.a University has been
offering inservice course work through distance education
and interactive communication technology at an expense
comparable to the cost of traditional campus-based instruc-
tion (Knapczyk, Brush, Champion, Hubbard, & Rodes,
1992). In this paper, we will discuss some guidelines,
drawn from our experiences, for choosing appropriate
technology and for structuring field-based training.

A low-cost option for distance
education technology

The cost of distance education is a major consideration
in selecting an approach to use, because of the limited
resources universities and school corporations have for
field-based teacher preparation. In our program we use
basic, low-cost, reliable technologies to deliver weekly
classes to remote sites, typically in local high school
libraries or meeting areas. Each hardware and software
component fulfills specific roles in course delivery. We will
discuss each element in turn:

Speaker phones
Speaker phones provide our basic communications link

with teachers during the class sessions. Speaker phones are
relatively inexpensive and can be used virtually anywhere,
and the teachers adapt quite readily to them because they are
so familiar. We use the AT&T Quorum telephone system,
which supports an excellent omnidirectional microphone
and a fairly clear speaker, two elements that are crucial for
effective communication. While ordinary speaker phones
are sufficient for instructing small groups, high-quality
micru,hones and speakers enable us to teach twenty or
more teachers in a session. At the originating site, we use
operator-style headsets to increase the clarity of the presen-
tations.

Facsimile machines
Facsimile machines permit continuous access and rapid

feedback betwecn university instructors and teachers. The
teachers complete ongoing practicum work each week, and
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fax their worksheets to the university before the next class.
They also send notes if they need clarification or have
special difficulties. The instructors return feedback to the
teachers' work sites by fax, enabling the t -achers to put any
advice or direction into practice immediately. The fax
machines are also used at class time to transmit supplemen-
tal course materials, instructions for in-class activities,
attendance lists an:: other documents to and from the class
site.

Audiographics
Audiographics supplies a visual component during the

class. Audiographics is an interactive computer-based
technology that allows users to share text and graphic
images, and annotate images displayed on monitors or
projection devices (Knapczyk, 1990). The system we use
consists of the following:

Macintosh LCII computers at the university and remote
sites,

9600 bps modems operating over standard telephone
lines,

An n-View LCD overhead projector at each remote site.

We use the computers as a two-way overhead projector
or chalkboard to illustrate our presentations, to emphasize
important points in a discussion, and to develop an interac-
tive exchange with the teachers at the remote site. To
accomplish this, the system employs the following software:

AppleTalk Remote Access, to establish the communica-
tion link between computers through the modems,

Macintosh Multipoint Interactive Conferencing Applica-
tion (MacMICA), to create a shared "electronic chalk-
board" between the sites,

Timbuktu, to control the remote compute r and to access
and configure software applications,

SuperPaint, to create PCX or PICT images of course
material, such as overheads, that are pre-shipped to the
remote sites before class time.

This combination of technologies and software allows
us to complete any needed class preparation at the origina-
tion and remote sites. The instructors and students can
simultaneously speak with one another, and see and
annotate graphic images of course materials. This entire
system can be purchased for about $2500 per site, but most
universities and many school corporations already have
some of the major components. The only additional costs
for operating the system are monthly telephone charges.
Comparable software configurations can also be purchased
for MS-DOS users.

Tips for technology selection
We have found that the choice of technologies to

develop and deliver training through distance education
should take into account the following principles:

Use what is available
In the rush to embrace new technologies, educators can

easily overlook the usefulness of more commonplace
inventions. We discovered, for example, that the speaker

phones and fax machines are the most powerful and
versatile equipment we have. They can be set up almost
anywhere and be used at any time, and they allow a greater
and more free-flowing exchange of information, ideas and
advice than is typical even in a normal campus class. The
fax allows us to send backup copies of class materials and
overheads to our sites in case the computer link breaks
down during class. Before investing in high-end technolo-
gies, then, it is important to explore existing or readily
available equipment such as fax machines and telephones.

Choose reliability over sophistication
We also discovered that reliability and consistency are

far more crucial than impressive effects when delivering
distance instruction. Typically, the most elaborate and
sophisticated technologies we have used are the ones most
prone to bugs and breakdowns that can quickly erode the
confidence and morale of the teachers on site. For example,
MacMICA is an invaluable communications tool because it
is simple to operate and seldom "crashes", even over the
primitive telephone lines and switching devices that often
exist in rural settings. These features make it far more
valuable than other more powerful products that tend to be
less reliable.

Have the goals of the program drive decisions
about technology

Before investing in any equipment, it is important to
have a very clear ;dea of what the instruction is to accom-
plish, what materials will be used, where class sessions will
be delivered, what resources are available in the field, and
who will be included in the training. Considering these
issues carefully before deciding about technology will save
a great deal of time and money. In fact, program develop-
ment is by far the most important part of creating a distance
education course, even when working under a generous
budget. Establishing clear goals for the program, and
treating technological questions as a subordinate issue,
ensures that the equipment used and the way in which it is
employed will be well suited to the instructors' and teach-
ers' needs.

General principles of program
development

Distance education technologies provide the tools for
instruction that can be used in many ways and be adapted to
suit a wide variety of demands, constraints and circum-
stances. Instructors and program developers should,
however, first decide what outcomes, goals, and objectives
they wish to accomplish in the program and course work.
The following principles, can be used as general guidelines
for structuring course work using distance education (Helge,
1984; Keegan,1990; Treadway, 1984). The course work
should:

offer training that is practical, useful, and oriented to job
responsibilities,

be flexible and address a wide range of individual needs
assist trainees in the shared development of their own
skills and promote ownership in the program,
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offer opportunities to practice and apply skills in realistic
circumstances,
utilize local resources and expertise in program planning
and delivery, and

employ technology effectively and encourage various
modes of participation.

These principles can create many unique challenges for
course instructors who work with inservice teachers. They
also represent unique opportunities, if properly planned for.
In the next section, we will discuss three areas in which
distance education offers distinct advantages over traditional
instruction for addressing the principles described above:
(a) promoting ownership through on-site coordination; (b)
promoting application of training to on-the-job situations;
(c) encouraging collaboration.

Promoting ownership through on-site
coordination

One challenge of distance education is handling the
logistical and instructional tasks that arise in any normal
class session. We have found that these tasks are best
carried out by the teachers themselves. Adult learners bring
a wealth of professional skill and experience with them to
their classes. Properly structured, distance education can
capitalize on these experiences in a manner that facilitates
the mechanics of course delivery, enriches the content and
teaching interactions of the class sessions, and more closely
involves teachers in their professional development.

To accomplish these aims, we have two different
teachers serve as coordinators for each session. One person
coordinates the technical setup of the class by assembling
the equipment for class and establishing the voice and
computer link-up. As the year progresses, each teacher
learns about the technology and becomes comfortable with
its operation, thus removing the initial apprehension
teachers often have about participating in a distance
education activity.

The other coordinator oversees the instructional aspects
of the class sessions. This includes passing out papers and
working out seating arrangements for small group activities,
as well as assisting with the actual course instruction. We
prepare the coordinators for these responsibilities by talking
with them before the class sessions to explain the topics that
will be covered, outline the roles they will serve, and
suggest methods for carrying out the duties. This prepara-
tion enables coordinators to oversee class discussions,
redirect questions back to the group, present examples of
course concepts, and explain how procedures and tech-
niques can be used in situations that all the teachers are
familiar with. The on-site coordinators personalize the class
activities and allow for a fuller consideration of the concepts
and techniques covered in the course, thus shifting the
responsibility and ownership of the instruction onto the
teachers themselves.

0a."

Promotir.j application of instruction to
on-the-job situations

In many inservice programs, teachers have very few
opportunities to apply the concepts they learn to actual
teaching situations until much later in a practicum or student
teaching experience. However, learning under "artificial"
circumstances is often not very effective because teachers
typically have considerable difficulty transferring abstract
concepts to real-life job situations.

We offer training for one to two years, and we show the
teachers how to fully integrate theoretical concepts into
teaching practices that suit their job situations. A prime
benefit of providing instruction over a long period is that it
allows us to create opportunities for the teachers to practice
new methods, to use them in combination with other
methods, and to adapt them to fit a variety of teaching
contexts and situations. Thus, as teachers learn new
teaching skills, they also learn how to put them together
with the skills they already have so as to form increasingly
complex and unified teaching behavior. The extended
training approach allows us to tie the concepts covered in
the program directly to the teachers' existing knowledge and
skill base. At the same time, the instructors learn increas-
ingly more about the teachers' particular circumstances, and
can access technology that permits easy and frequent
communication with each teacher.

Encouraging collaboration among
teachers

Research has repeatedly shown the value of within-
school professional team building and collaboration among
teachers (e.g., Thousand & Villa, 1989). However, in
traditional models of teacher preparation, strategies for
collaboration are usually not built into the instruction. In
fact, the design of many teacher education courses discour-
ages, rather then encourages, collaboration among students
(Resnick, 1987).

Because our program is field-based, we can attract
groups of teachers from the same school or school district,
and can incorporate collaborative team building techniques
into the very structure of the course work. The course work
encourages teachers to share their ideas and build closer
professional relationships with one another. Thus, they
work with expet mentors that include both the university
instructors and other teachers in their school building. We
use a variety of in-class activities in which teachers share
their experiences and help one another apply and adapt the
course concepts to their teaching circumstances.

Out-of-class projects are assigned on a collaborative
basis so as to continue this professional dialogue about
course topics. The students meet in school-based groups to
discuss the concepts presented in the class sessions. Then,
they work together to prepare lessons and interventions for
the children in their classrooms. By working together, the
teachers can access a wealth of expertise, resources, and
information that would otherwise remain untapped.
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Furthermore, after the yearlong training is completed, the
collaborative teams often remain intact, thus providing the
teachers with a ongoing peer support structure.

Summary
The key to preparing the teachers of today to carry out

their professional responsibilities is not necessarily found in
high-priced technologies, but rather in developing a new
level of cooperation between universities and public schools
and exploring new ways to offer course work. Even at a
low cost, distance education and communication technology
can help to give teachers access to current information on
teaching practices and provide a catalyst for improving the
quality of teacher preparation and educational programs for
children.
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Love 'em and Leave 'em:
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Probably nothing within a school has more impact on
children, in terms of skills development, self-concept, and
classroom behavior, than personal and professional growth
of teachers. When teachers individually and collectively
examine, question, reflect on their ideals, and develop new
practices that lead toward those ideals, the school and its
inhabitants are alive. When teachers stop growing, so do
their students.

Roland Barth, Run School Run p. 147.

The school district described in this paper, like many
other districts, had been adding technology into the schools
in an unplanned fashion. And, like many other districts, the
time had come to put the pieces in place; to examine what
they had and where they wanted to go. The philosophy
expressed in the Roland Barth quote accurately describes
the culture of the district in which this project took place.
Under the leadership of the asiistant superintendent for
instruction the first steps to develop a technology plan were
taken through the creation of a Technology Task Force and
the development of a relationship with a computer educator/
consultant from a nearby university. An important second
step was the joint planning for an extensive and ongoing
staff develoOment program in the area of technology.

Involving teachers in staff development programs,
creating a trusting environment for learning where teachers
can experiment and take risks, and providing ongoing
support and follow-up assistance greatly increases opportu-
nity for long-term changes in teacher behavior (State Board
of Education, 1990). Bas-Isaac's (1992) research on staff. .
development provided the guidelines for the development of
this project. The guidelines included these five elements
which are common to successful staff development pro-
grams: 1) organization and development, 2) collegiality, 3)
needs assessment and program evaluation, 4) scheduling
and participation, and 5) additional support activities. In
addition, the staff development workshops emphasized
integration of technology into classroom practice because
teachers are often more willing to change their teaching
strategies when they believe it is of benefit to their students
(Bas-Isaac, 1992). This project also reflected what we
know about the importance of administrative support and
district commitment to ongoing staff development projects
(Duttweiler, 1989, Illinois Administrators' Academy, ND).

The Implementation Team
Behind the scenes throughout the two years of this

project was what we will refer to as the implementation
team. The team was made up of the assistant superinten-
dent, the district technology coordinator, and a faculty
member of the Department of Computer Education of
National-Louis University. Each of these team members
brought different strengths, expertise, and perspectives to
this school/university collaborative effort.

The assistant superintendent, Dr. Barbara Unikel, with a
background in administration and supervision as well as in
curriculum, acted as a liaison to the administration and to
the school board. She facilitated all of the details of the staff
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development progran by determining the scheduling, and
locations and working with the budget. In addition she co-
chaired the technology committee. Dr. Marianne Handler.
with a background in computer education and instructional
leadership, brought a global perspective on the uses of
technology in educational settings, knowledge of research
and best practices in the area and an overview of ways in
which other local districts were implementing technology
plans. Handler worked with the district coordinator,
classroom teachers and administrators during this two year
process. Ms. Diane Cederlund, the district technology
coordinator had a clear picture of what was happening in
classrooms in the district and a knowledge of teacher
strengths, weaknesses, and attitudes toward becoming
involved with technology in their instructional settings. She
had the pulse of the faculty. Through her work in each of
the buildings she also could identify building hardware,
software, and spport needs.

Beginning the Process
The team began to work together during the winter of

1991. We met to brainstorm ways in which the district
could begin to put a program in place and the different
possibilities for providing meaningful staff development
options. In January Handler met with the Technology Task
Force to develop a technology mission statement for the
district. She acted as a facilitator as the group discussed
where they had been, and where they were, and helped them
to envision what the future could hold. In addition, she
worked with them as they came to consensus in the
development of the mission statement. Following that
meeting the other members of the implementation team
worked with the Technology Task Force as they developed
a needs assessment for the faculty and began their work in
developing a district plan.

Following that initial meeting of the task force, the team
planned the staff development program for the 1991 1992
school year. In developing the plan the team took into
consideration that the members of this predominately
mature staff were at varying levels of confidence and
expertise but for the most part were at the novice level.
They were novices both in the use of the technology and in
the ways in which it could be brought into the classroom;
for the most part, they were not even personal users.
Instructional assistants who staff the building level com-
puter labs would also be encouraged to participate in the
workshops.

Building level and central office administrators would
be encouraged to join any of the staff development pro-
grams that were being offered. At the suggestion of the
consultant a separate workshop would be held for principals
and central office administration. During this experience
they would become aware of the software that was available
for integration into curricular projects. It would be an
opportunity for them to become aware of the complexity of
what teachers were being asked to do. For some administra-
tors it would be the beginning of their own technology
awareness education; some had never sat at a Macintosh

before, had never used a mouse.
At the district level plans were made for a teacher

computer purchase plan which would enable staff members
to purchase a computer for their personal use. A computer
fair would be held at which teachers could see a variety of
computers and determine which best fit their needs. When
it was held the next year, a large number of staff took
advantage of the computer purchase program. This gave
them an opportunity to practice what they were learning in
the staff development sessions at their own convenience, at
home.

The Staff Development Plan: The First
Year

It should be noted that the district offered staff develop-
ment strands in several instructional areas and teachers were
encouraged to select an area of interest and follow it for the
entire year. Participation in the staff development program
is voluntary. Obstacles to change such collegial isolation,
professional isolation, lack of confidence, and fear of failure
can defeat efforts toward helping teachers change
(Leinwand, 1992). The importance of the year long
commitment was the opportunity for peer collaboration
during the workshops. Together teachers would become
aware of new materials, have a supportive hand nearby and
receive encouragement to experiment from colleagues and
administrators alike.

Technology would be one of the year long professional
development series to be offered. District funds, including
state and federal monies, supported the program through
payment to the consultant, providing books and other
materials needed by the participating teachers and for
graduate credit for those who chose that option.

One group of workshops was led by the district com-
puter coordinator and they were for credit on the district
salary schedule. The first two workshops of the series dealt
with word processing and teacher utilities; the third was an
opportunity to use telecommunications. These sessions were
geared toward those teachers who had little if any experi-
ence with computers but were interested and anxious to
become involved. Handler led two other sessions; Getting
Acquainted with Hypermedia for district credit and Applica-
tion Software in the Curriculum for graduate credit at the
university.

The administrators' workshop was held early in the
school year and accomplished the goals that had been set for
it. Administrators worked with ClarisWorks and with
KidPix and spent some time exploring HyperCard stacks.
They were very much involved and found working with the
programs not to be as easy as they might have expected.
They did observe that the workshop helped them to focus on
teachers uses of the software and on what experiences
teachers might have implementing these uses in the
classroom.

The Technology Task Force: The First
Year

During the first year the Technology Task Force worked
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with two of the implementation team members to put
together the district plan and develop a scope and sequence
of student skills. The committee also collected input on the
staff development sessions and assessed how things were
going for the teachers. They were also exploring new
technology activities to bring into their classrooms.

Plans were made for the second year of the project. One
major decision was to offer district credit rather than
university credit in the technology workshops the next year.
In this way the experiences could be better tailored to
teachers' needs and the lessening of time requirements
would take pressure off the classroom teachers.

In addition, decisions about district hardware purchases
were determined. The second year would be the first time
that each building would have a computer lab and a full-
time resource person to help teachers plan for the use of
technology for curriculum connections.

From the computer coordinator's perspective the
committee was a key element of the first year of the plan. It
provided her with an avenue of communication, a chance
"to hear about what we were doing." It was also her
opportunity to work with others to begin the process of
putting a district program in place.

Continuing Staff Development: The
Second Year

A Teacher Request Program was instituted for this year.
Teachers could request additional computers for their
classroom by describing, on a written application, the ways
in which they planned to use the computers in the classroom
and how they would evaluate their use. This was geared
primarily to the elementary buildings and provided a useful
way to move the Apple He's from the middle school where
Macintosh computers were being purchased for the com-
puter labs.

The implementation team continued to plan together,
although not as frequently or in as systematic a fashion as
they would have liked. Cederlund continued to work with
the next set of 'beginners' while Handler offered workshops
for those who had moved further along in their comfort
level and desire to use the computers. Several administra-
tors, including Dr. Unikel, participated in these workshops
as well. During these last workshops, Handler had the
opportunity to move the teachers beyond the computer to
examine some of the emerging technologies that can be
used in classrooms, such as laser discs and CDs designed
for instructional use.

Additional Second Year Factors
Cederlund notes that during the second year two

changes became apparent. The first was that district support
for technology was clearly emphasized to the teachers. The
second was her observation of the expanded ways students
were beginning to use computers in their classes.

During the second year Handler became involved in the
district in a new role. In connection with her own research
on teacher support she became a resource to Cederlund and
another teacher as they brought Hyper Screen into the

curriculum as a student tool. The teacher was a new
computer user and her success acted as an impetus for other
teachers to become interested. The work of these students
was accepted in the Tech2000 presentation at the state
capitol. The classroom teacher, the district coordinator and
several students went to Springfield representing their
school's involvement with technology.

The Third Year
"Love em" is over and "Leave em" is taking place.

Handler is still welcome in the district as 'a friendly
resource. She continues to spend time in the schools
working with teachers on the types of support that are
important to them. She is still available to Cederlunu as a
colleague, a sounding board and a resource. Materials that
she brought into the district area are appearing in classroom
projects. The district is moving forward to institutionalize
the plan they have developed.

The instructional assistants in the computer labs in each
building have developed their skills to the point where they
are now being paid to lead staff development workshops.
New pilot programs have begun in the district. The interest
in Hyper Screen grew at the elementary level and some of
the teachers are receiving help from Cederlund as they
begin to develop student designers in classrooms in several
schools. Other teachers, again under Cederlund's guidance,
are working on ways to bring CD technology into their
classrooms while others are working with the National
Geographic Kids Net program. The district has purchased
Macintosh Powerbooks to be kept on a cart and used in
classrooms for group writing projects in the middle school.
The collaboration of the implementation team has success-
fully brought the district to the place where the program will
grow to meet the needs of teachers and students.

The Implementation Team Looks Back
In looking back over the two year collaboration, each

member of the implementation team reflected on their own
personal growth, on what they had given and what they had
received during the process and on their plans for the future
in relationship to this project. Their collaboration had
supported what Rudduck (1992) had found as well. Univer-
sity faculty and key school players, together, can build a
secure environment in which new and experienced teachers
can feel supported while trying out new ideas. The imple-
mentation team was able to send the message that this was a
time and place where risk taking was valued.

The Assistant Superintendent
The assistant superintendents' increased knowledge of

the role of technology in curriculum and instruction was an
important growth element for this member of the team. She
learned new skills as a technology user and learned about
new software and applications for personal use. She
increased her crvn skills as a committee facilitator and
gained satisfaction from helping to bring the area of
technology to a new level of awareness and importance in
the district. She also helped the district to establish a link to
the university and the consultant to assist in developing this
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project.
Unikel's perceptions of what she brought to the project

included proposing to the superintendent the establishment
of the Technology Task Force to begin the process of
formalizing a technology program and developing a plan.
In addition she established the staff development program to
meet the needs of staff members at varying levels of
expertise; developed with the coordinator; the computer
purchase plan, and provided the link between Handler and
the district. In her work with the coordinator she actively
assumed the role of mentor and provided the support needed
for Cederlund as she moved from a classroom teacher's role
into a district leadership position.

She gained satisfaction from watching the staff and the
administration be receptive to increased attention to the
technology area, from observing the coordinator grow in
confidence and competence in her new leadership role, and
from her own increased knowledge and skills in the area.
Her ultimate satisfaction was in knowing that the district
students would be provided appropriate opportunities to use
technology.

The DistTict Coordinator
Cederlund saw the collaboration as "A critical piece" of

the process for her. The ways in which the team respected
and trusted each other, "worked", as she says, "in a sense of
mutual respect." She saw herself as growing in her ability to
take risks. Being involved during these two years had
opened new doors for her, allowed her "to do more" and try
new things because of the workshops she had taught.

A key element to this program was the extensive support
provided by the consultant to the district coordinator
throughout the first year, thus making it possible for her to
assume a greatcr leadership role during the second year of
workshops. The other membets of the implementation team
saw Cederlund become a respected resource to her col-
leagues, become someone teachers viewed as having the
information they needed. Unikel observed that there had
been a transition from teacher to leader in the coordinator
role.

The University Consultant
Handler increased her own skills in working with groups

during the two year project. This was particularly true when
she worked with the task force on consensus building and
when she led the administrative workshop. Because of the
time spent in developing the workshop materials she was
able to increase her own skills with additional software and
the use of emerging technologies. Most important from her
perspective was the renewed awareness of the problems of
available time for the classroom teacher; the ongoing nature
of time as a problem for the practitioner.

Handler gave time, expertise, and support for teachers
throughout the project. She was able to provide information
on ongoing research, best practices and examples of ways in
which other schools and districts were exploring similar
technologies. Through her work with administrators,
teachers, and instructional assistants she was able to provide
professional growth opportunities for many in the district.

In return she received an opportunity to interact in

classrooms and labs with students and teachers and to
continue an involvement in the area of teacher support that
was key to her own research. Working in classrooms in a
district with a commitment to professional growth, she
could see her own input make a difference for teachers and
students. The coordinator had been a graduate of the
Computer Education program at the University. Like
Unikel, Handler felt great satisfaction in being a part of the
support that allowed the coordinator to make strides in
accepting a leadership role. Handler also took satisfaction
from the growth of Unikel, representing the importance of
administrative leaders to model risk taking and growth in a
new area.

Cederlund saw the consultant's role as being behind the
scenes for the most part. She was there as a support,
motivator, and link to others outside the district with
expertise. While she saw Handler during the first year as a
link to the university, her view during the second year was
somewhat different. During the second year Handler was
perceived as a person who was a resource to the district. At
the end of the second year Cederlund described her view of
Handler this way, "Guess what? I can do this on my own,
but can I check with you from time to time?" It was time to
withdraw the formal link to the university, to the consultant.
It was always the intent of this collaboration to make the
district independent.

As in any successful partnership one hopes that there
will be gains for all parties involved. Such was the case in
this collaborative effort. For the teachers as well as for the
implementation team it was important to work in "a
collaborative, supportive and collegial process of sharing
and experimenting in the context of mutual respect and
reflection" (Leinwand, 1992, p. 468).

The district has an ongoing plan with involved, enthusi-
astic and knowledgeable teachers who are now planning
technology collaborations among themselves. The technol-
ogy coordinator, a former classroom teacher and graduate of
the university computer education program, developed and
used new leadership skills; the assistant superintendent both
increased her own technology skills through participating in
several of the workshops and had the satisfaction of seeing
the growth and change not only in teacher behavior but
ultimately in the classroom. The consultant had rich
experiences visiting in classrooms and working with
students, in watching teachers become excited over the
possibilities in the classroom of the technologies they were
exploring, and watching her own impact on the curricular
changes that were occurring

Starting where the teachers were, involving them in the
planning process, and making participation voluntary were
all key in making this a successful professional growth
experience. Commitment to school improvement, the
ongoing positive collegial interactions between members of
the implementation team, and a willingness to be flexible,
creative, and responsive to teacher needs and concerns
characterized the implementation team's focus. With these
factors in mind, other districts could move toward the same
successful collaborative efforts.
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A Computer Education
Model for Inservice

Teachers

Doris Lee
Pennsylvania State University

With the influx of computers into all levels of schools,
inservice teachers must be equipped with computer educa-
tion to function effectively in their classrooms. However,
numerous school teachers are still far from being ready to
assimilate computers into their teaching (Lockard, Abrams,
& Many, 1990).

This problem is partly because many currently working
teachers received their teaching certificates prior to the time
when computer education was available to them. Another
reason is the failure of existing computer courses that are
offered to school teachers. Those failures are often caused
by the course's insensitivity to the teacher's learning needs
and characteristics. Some teachers feel anxious while
learning computer technology simply because they are
unable to relate the present learning with any of their past
experiences.

The proposed model adopts a developmental view of
computer education to school teachers who are novice
computer users. This model is designed to prepare inservice
teachers with computer competence required for instruction.
It involves five stages, with each stage integrating the
progress achieved from earlier stages. In other words, new
or advanced computer skills are built on previously learned
skills to ensure the success of the entire learning process.
This paper presents this model and documents how the
model has been used to provide computer education to
teachers.

The Model
The major content of these five stages include (a) an

introduction and demonstration of basic components of a
computer system; (b) an explanation and hands-on practice
of three types of disk operating systems: commands,
graphics, and manuals; (c) the use of computers as a tool:
word processing, spreadsheets, graphics, classroom
publishing, and telecommunications; (d) the use of comput-
ers as a tutor: computer-based instruction and courseware
evaluation; and (e) the use of computers as a tutee: struc-
tured language of BASIC and hypertext of ToolBook (
Lockard, Abrams, & Many, 1990; Taylor, 1980).

In the fust stage, the focus is on the rationale of learning
and using modern computer technology in schools. The
instruction should cover historical development of computer
technology, and the impact and contributions the technolo-
gies have made in education and instruction. Learning
contents of this stage should include the introduction to a
microcomputer system. This introduction can be enhanced
by demonstrating and explaining the function of basic
physical components of a microcomputer, including the
central processing unit, memory (RAM and ROM), input
and output devices, secondary storage devices, and proper
use and care of computer diskettes.

In the second stage, the instructor should expose the
teachers to the three major types of computer interface
systems: commands, graphics (icons), and manuals. The
teachers should be provided with hands-on opportunities to
gain mastery on: (a) useful DOS commands: formatting
diskettes, opening, saving, copying and deleting files; (b)

292 Technology and Teacher Education Annual 1994

3.i 0



ki

skill in using a computer mouse: pointing, clicking and
dragging while working with computer icons and window
systems; and (c) choosing desired software from a menu
provided in a networked computer system.

When the teachers move to the third stage, they acquire
the concept of using computers as a tool. Learning contents
of this stage include concepts and functions of word
processing, data management, and telecommunications.
The instructor should first guide a discussion on the benefits
and concerns of using processing packages, database
systems, and telecommunications for instruction. Then the
instructor should employ the "learning-by-doing" approach
to train the teachers to learn skills of word processing, data
entry, retrieval and management, and telecommunications.
For mastering these skills, the instructor should design
plenty of "hands-on" exercises that are related to teaching or
instruction. Examples of these activities include writing a
letter to parents by using a computer word processor,
keeping students' records by using a spreadsheet or data
management system, and communicating with teachers in
remote areas by using electronic mail and bulletin boards.

Following the third stage, the emphasis of the instruction
is on the introduction and evaluation of computer-based
instruction (CBI). The covered content related to CBI
should include (a) the definition, nature, and characteristics
of CBI; (b) advantages and disadvantages of CBI over
instructor-led instruction; (c) the four common types of
CBI: tutorial, drill and practice, simulation, and instructional
game; (d) important characteristics of quality tutorials, drill
and practices, simulations, and insiructional games; (e)
research findings related to CBI in irstruction or learning;
and (f) major evaluation criteria including the accuracy of
the content, the appropriate design of cosmetic features such
as audio, video and graphics, and the ease of use. The
teachers should be exposed to both quality and prc blematic
CBI packages, so they can develop their own opinK ins
regarding the selection of quality CBI for instructica. In
addition, teachers should be arranged to review and evaluate
various CBI packages by incorporating the evaluation
criteria.

In the last stage, e e focus is placed on the learning of
concepts of programming by using structured programming
language such as BASIC and dynamic authoring systems
such as HyperCard and ToolBook. The model of this article
holds the position that the inservice teachers need to acquire
concepts regarding how a programming language such as
BASIC or Logo works, but they do not need to spend hours
trying to master the complex syntax of BASIC or Pascal.
This model believes that, in this stage, the focus should be
placed on the introduction and facilitation of basic hypertext
skills including the creation of textual and graphical objects,
and linkage among these objects.

Two factors are heavily emphasized throughout the five
stages of this model: the amount of computer operational
experiences the teachers have before receiving computer
education, and the amount of time they have to practice the
learning tasks. It is suggested that the teachers be provided
with an ample amount of hands-on opportunities to practice
the desired computer skills. Furthermore, the teachers must
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be able to seek additional assistance from the instructor to
remove difficulties in operating any of the computer
equipment.

This model also emphasizes the importance of creating a
risk-free environment and incorporating effective motiva-
tional strategies. A risk-free environment would allow
teachers to practice on the identified learning tasks without
fear. Effective motivational strategies may include making
the learning content interesting and relevant to teachers'
experiences and value. For example, the teachers can be
asked to identify area in their schools where technology
should play an important role. Or, they can be encouraged
to develop a workable plan that will integrate computers or
CBI into their area of teaching.

The Use of the Model
This model has been tested for its effectiveness in the

course, "An Inn xluction to Computers for Educators," for
one semester. Ti e course is a graduate course offered to
inservice teachers in the Department of Instructional
Systems, College c 'Education, Pennsylvania State Univer-
sity, Great Valley.

Nine female teact. lrs and one male trainer took the
course. Among them, ,Iere were five special education
teachers, two elementary school teachers, one media
specialist. The age ranged from twenty-three to forty-five.
One female teacher had more than twenty-five years of
teaching experience, and the majority had one to five years
of teaching experience. Most had some experience using
the Apple series of computers at their schools, but did not
have experience in using a Macintosh or IBM microcom-
puter.

The ten teachers received instruction covered by each
stage in the model of this article. The microcomputer used
for the course was the Macintosh series of computers. The
required textbook was M?..rocomputers for Educators by
Lockard, Abrams and. Many (1990). The teachers learned
how to operate a computer system, use three types of disk
operating systems, and work with a word processor,
database and a telecommunication system. They also
reviewed and evaluated several CBI packages. Finally, they
learned how to use computers as a tutee by using BASIC
and HypetCard.

There were two recall tests. The results of the two tests
indicated that all of the teachers achieved a mastery learning
of the computer terminologies and concepts covered in the
course. In addition to the tests, the teachers were required to
complete three assignments including (a) a word processing
assignment by using MicroSoft Word 5.1a to write a resume
and cover page for their own job search; (b) three spread-
sheet assignments by using Microsoft Excel 4.0 for keeping
student-related records; and (c) a BASIC exercise in the use
of three fundamental statements of BASIC: Print, Input, and
Let. Although the teachers were not required to do a
HyperCard assignment, a hands-on training on the basics of
HyperCard was provided. When they were doing these
assignments, the instructor was available for help and
consultations. All of them completed the assignments
successfully.
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Figure 1: The Model

An attitude questionnaire was administered at the last
class. The results indicated that the teachers appreciated
the developmental approach used in the model to
facilitate their computer competence. They developed a
more positive attitude toward learning and integrating the
covered computer skills into their professional lives.
However, a few of them resisted having BASIC assign-
ments and preferred to have more class thne for learning
HyperCard and graphic packages.

Summary
This paper presents a model with a developmental

view of providing computer education to inservice
teachers who are novice computer users. A continuing
emphasis of this model is placed on the facilitation of
computer competence of school teachers. The model has
five stages, with each stage reflects the progress achieved
from earlier stages, meaning that the teachers learn new
or advanced computer skills only if they have mastered
the previously learned skills.

Instructional content covered in the five-stage model
includes introduction to computer systems, and disk .

operating systems, as shown in Figure 1. It also includes
the use of computers as a tool, tutor and tutee. The
incorporation of related experiences of the teachers and
ample amount of hands-on activities is heavily empha-
sized in the model. This model stresses the importance
of having a risk-free environment where teachers can

practice the identified learning tasks without fear. Also
stressed is the design of the learning content and assign-
ments to be interesting and relevant to teachers' experiences
and values.

Finally, this paper documents the process and results of
using this model in the course, "An Introduction to Comput-
ers for Educators," offered to inservice teachers in the
Depamnent of histructional Systems, College of Education,
Pennsylvania State University, Great Valley. There were
nine female teachers and one male trainer who took the
course. The results of the tv.o recall tests indicated that
these teachers achieved a mastery learning of the covered
content, and completed the word processing, spreadsheet
and BASIC programming assignments. The results of the
attitude questionnaire indicated that by taking this course,
they had developed a positive attitude toward learning
computer technology and hypertext.
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A Model for Training
Teachers to Become

Independent Hypermedia
Designers

Doris Lee
Pennsylvania State University

With the rapid advancement of computer technology,
teachers are under great pressure to use innovative computer
technology to convey instruction In recent years, hypertext
has become a very popular topic in many teacher-training
curricula. This is because hypertext is a flexible software
technology that can be combined with video, audio and CD-
ROM technologies. When used together, these technologies
provide a powerful environment for the design and delivery
of instruction (Jonassen, 1991).

This paper presents a hypertext training (HT) model for
converting school teachers from novice hypertext users to
independent hypertext designers. The goal of the H1' model
is to empower inservice teachers to implement a hypertext
package for instructional purposes. The meaning of
"independent hypertext designers" refers to teachers who
are able to produce, independently and successfully, a
hypertext program from procedures of planning, flowchart-
ing, storyboarding, and authoring.

The following sections cover the HT model, contents of
the five stages, and how the model was used in a graduate
course: "The Design, Development, and Evaluation of
Computer-Based Instruction," offered at Pennsylvania State
University, Great Valley Graduate Center, to inservice
teachers and professional trainers.

The HT Model
The HT model was created based upon The Staged Self-

Directed Learning Model (SSDL) of Gerald Grow (1991)
for teaching adult learners to be self-directed. Grow
believes that self-direction is situational and can be advanta-
geous. As he points out, a learner may be self-directed in
one subject or situation, while dependent and hopeless in
other subjects or situations. Grow also believes that, "Just
as dependence and hopeless can be learned, self-direction
can be learnedand it can be taught."

In the SSDL model, there are four sequential stages:
dependent, interested, involved, and self-directed. Simply
stated, at stage one: dependent, learners are dependent.
Teachers should help learners remove learning deficiencies
and resistance. At stage two: interested, learners are
inspired to learn. Teachers should use effective motiva-
tional strategies to reinforce learners' interests in learning.
At stage three: involved, learners, as intermediate self-
directors, participate in learning, yet need someone to
facilitate the learning process. At the last stage: self-
directed, learners are able to take responsibility for their
learning and should be mentored by teachers to reach
personal empowerment.

In the context of hypemiedia learning, philosophically,
the HT model employs the key concept of the SSDL model.
That is, teaching teachers to use hypermedia is situational.
Teachers with no or limited hypermedia experience would
encounter dependency or helplessness in the initial stage of
hypermedia learning. However, they can be motivated and
guided to reach independence.

The difference between the H1' and SSE'L model lies in
that the HT model is built, specifically, for facilitating
computerized hypermedia skills. In comparison, the SSDL
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model was created to promote general self-directing abilities
in learning. The HT model emphasizes instructional
planning, understanding the theoretical foundations of
hypermedia from both designers' and learners' points of
view, and using a hands-on, learning-by-doing approach to
acquire hypermedia skills. Moreover, it stresses the
importance of having systematic instruction that is respon-
sive and sensitive to the teachers' needs, learning pace, and
difficulties.

The HT model adopts the first three stages from the
SSDL model: dependent, interested and involved, and adds
two additional stages: engaged and independent. In the
model, the first three stages are built to motivate the
teachers to learn hypermedia, to acquire a theoretical basis
of hyperrnedia, and to evaluate hypermedia packages. The
last two stages were created for facilitating hands-on,
learning-by-doing hypermedia skills. The instructional
sequence and content of each stage in the model are
principally based on suggestions by Lockard, Abrams, and
Many (1990) for providing computer educatic n to educa-
tors; Hannfin and Peck (1988) for the design, development
and evaluation of instructional software; Allesi and Trollip
(1991) for methods of computer-based instruction (CBI)
design; Seyer (1991) for learning hypertext; Myers and
Lamb (1990) for learning Apple HyperCard; and manuals
for using lBM LinkWay, and Asymetrix ToolBook
software.

Stage One:
Teachers as Dependent Hypermedia
Novices

Generally, teachers who decide to seek formal class-
room instruction or receive training on hypermedia begin
their learning with very limited experience in the use of any
form of hypermedia. Some of them may have seen
demonstrations of hypermedia in their schools and some of
them may have played with it, but do not know how to use
it. Due to limited knowledge and skills in using
hypermedia, they are temporarily dependent learners. As
dependent learners, they may have doubts about whether or
nc t they can learn hypermedia. They may even feel anxious
about learning it. These types of learners tend to require
clear guidelines from the instructor regarding why, how and,
when to use hypermedia.

Psychologically, the instructor should help the teachers
overcome any feelings of resistance, anxiety, or concerns
about using hypermedia. The instructor should emphasize
the value of using hypermedia in the design and delivery of
insmiction in classroom teaching. Demonstrations regard-
ing how effective instruction can be delivered by using
hyperrnedia or multimedia should be included for motiva-
tional reasons. Specific learning objectives as well as
expectations of the learners upon finishing the course should
be provided.

Many popular hypermedia applications such as Apple
HyperCard, Asymetrix ToolBook, and IBM LinkWay often
require the user to work with a computer mouse. Teachers
who do not have much experience in using this type of input

device should be provided with hands-on opportunities to
gain mastery of certain "mousing skills" including pointing,
clicking, and dragging. As for teachers who have very
limited computer operational skills, a review of computer
terminologies, hardware systems, and DOS commands is
very helpful.

In addition, the HT' model proposes that novice
hypermedia users ought to learn one hypermedia system at a
time. Learning several hypermedia systems at one time
with limited hypermedia background may hamper the
learning results.

Stage Two:
Teachers as Interested Hypermedia
Learners

In the second stage, the teachers have been motivated to
learn hypermedia, prepared with relevant computer knowl-
edge, and trained to use a computer mouse. They are
willing to gain more information about hypermedia. They
have passed the stage of asking themselves: "Why
hypermedia?" Now they ask another question: "How does
hypermedia work?"

The mission of the instructor in this stage is to reinforce
the teacher's willingness to learn hyperrnedia and to provide
clear answers regarding how hypermedia functions.
Instructional content of this stage should begin with an
introduction of hypermedia :. its history, characteristics,
functions, and usage. The dynamic nature of hypermedia,
and how nonlinear, non-sequential hypermedia is different
from structured programming languages such as BASIC or
PASCAL should also be covered. In addition, the ability of
hypermedia to be used in conjunction with other audio and
visual media should be emphasized. If possible, the
information should be presented by using hypermedia
programs or multimedia with attractive graphics, anima-
tions, or visual and audio effects.

Furthermore, it is necessary to cover the theoretical
foundations of hypermedia. Related topics may include: (a)
the historical development of CBI; (b) the nature and
utilization of four common CBI modes: drill and practice,
tutorial, simulation, and instructional games; (c) advantages
and disadvantages of using each of them; and (e) important
research findings relating to CBI.

In addition to these topics, theoretical bases of
hypermedia, from the perspectives of learners or users,
should be introduced. Suggested theories to be covered
include information-processing theory, schema theory, and
theories of objectivism and constructivism (Jonassen, 1991).
Issues raised by hypermedia designers about these theories
should be discussed. The instructor should encourage the
teachers to express their thoughts concerning these theories.

Stage Three:
Teachers as Involved Hypermedia
Evaluators

In the third stage, the teachers who have developed
interests and confidence in learning are familiar with the
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theoretical background of hypermedia from the learner's
point of view. Now, they are ready to see what kind of
hypermedia is available for instructional purposes. They
want to participate in the process that allows them to
explore a variety of hypermedia packages, to identify factors
related to effective hypermedia, and to determine deficien-
cies of the existing hypermedia.

The instruction at this stage should be prepared to
review and evaluate a wide variety of hypermedia packages.
Instructional content should include an introduction of the
role of evaluation in CBI and hypermedia learning, and both
objectivistic and constructivistic criteria for hypermedia
evaluation (Jonassen, 1991). After presenting the teachers
with both objectivistic and constructivistic criteria, the
instructor should make the teachers compare and contrast
these two types of criteria. The instructor also needs to
encourage them to consider the appropriateness or feasibil-
ity of applying these criteria in hypermedia design and
evaluation.

Stage Four:
Teachers as Engaged Hypermedia
Authors

In the fourth stage, the teachers have knowledge of
hypermedia and have evaluated several hypermedia
packages available in the market. Conceptually, they
understand the nature and theoretical framework of
hypermedia, and how designers have used hypermedia to
implement instructional software. In this stage, they are
ready to learn the selected hypermedia and create their own
projects.

In this stage, the instructor should demonstrate step-by-
step how the selected hypermedia operates. Basic functions
such as opening and saving files, working with menus and
icons, and using palettes and tool boxes should be covered.
Next, the instruction should demonstrate how to create
objects, information including text, graphics, linkage, and
scripts among sets of information. While teaching how to
create objects or write scripts, the instructor should cover
the basic guidelines for designing and writing them. The
covered theories may include guidelines for using different
fonts, sizes of text, colors, and icons. The instructor should
avoid requiring the teachers to read the hypermedia manual
by themselves. Instead, he or she should design an easy-to-
read and easy-to-follow set of guidelines for the teachers.
The teachers should be allowed to have hands-on practice
immediately following the instruction for creating objects,
stacks or writing scripts..

Steps for Using ToolBook to Create Graphics:
The following is an example of the step-by-step

guidelines for creating graphics in using hypermedia of
ToolBook:

1. When you are in ToolBook, you will see a menu on
top of :ne screen, a tool palette on the left side of the
screen, and a status bo ). on the left comer of the

screen (1 he status box shows a page icon and two
numbers. The first number is the current page
number and the second number is the total number of
pages).

2. Choose one of the drawing tools (line, angled line,
arc, curve, rectangle, round rectangle, ellipse, regular
polygon, irregular polygon, or the pie) from the tool
palette.

3. A "+" will show on the screen, drag the "+" to draw.

Stage Five:
Teachers as independent Hypermedia
Designers

At this point, the teachers have learned the theoretical
foundations of hypermedia, have evaluated hypermedia
products, and have mastered the skills of creating objects
and linkage in hypermedia. During the fifth stage, they
should be provided with an adequate amount of time to
independently design, develop, and implement a
hypermedia package with a topic that is of interest to them
and can be useful for their teaching jobs.

The role of the instructor at this stage is to function as a
mentor to foster the teachers' independence, as well as
confidence in the implementation of the project. The
instructor should encourage the teacher to progress alone,
but remain available for help and consultations (Grow,
1991).

The Use of the HT Model
The HT model has been tested for its feasibility and

effectiveness in the graduate course, "The Design, Develop-
ment, and Evaluation of Computer-Based Instruction,"
offered to inservice teachers and professional trainers at the
Department of Instructional Systems, College of Education,
Pennsylvania State University, Great Valley. This model
has been used for four semesters. Most teachers and trainers
registered for the course were able to reach independ.nce in
using the selected hypermedia (ToolBook or Quest)
progiam for instructional or training purposes. Most
expressed favorable attitudes toward learning and using
hypermedia for the design and delivery of instruction or
training.

Summary
This paper presents a hypermedia training (HT) model

that converts inservice teachers from novice hypermedia
users to skilled hypemiedia designers. The goal of the HT
model is to empower inservice teachers to implement
independently a hypermedia package for instruction.

This paper also covers the theoretical framework of the
HT model. The model was built by adopting several
concepts of The Staged Self-Directed Learning Model
(SSDL) of Gerald Grow (1991), which is designed to
cultivate the self-directed ability of adult learners. The
SSDL model suggests that there is no single best instruction
for adult learners due to the diverse background of adults.
Teaching adult learners to be self-directed is situational.
That is, adult learners can feel helpless in certain learning
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(Stage 5:Independent
Teachers:
Independently
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Creating
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The Instructor:
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Evaluation

The Instructor:
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ness; Intro. of
Hypertext and related
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Teachers:
Otage 1:Independn) Hypertext

Novice

The Instructor:
Motivate/
Reduce Anxiety

Figure 1: The HT Model

situations, but confident and independent in others.
In the context of hypermedia learning, the HT model

agrees with SSDL model, suggesting that teaching teachers
to use hypermedia is situational. Teachers who have very
limited computer or hypermedia background experience
helplessness or anxiety in the initial learning stage, but they
reach independence in using hypermedia. The HT model
employs the first three stages from the SSDL model:
dependent, interested, involved and adds two additional
stages: engaged and independent. The fug three stages are
designed for motivating the teachers to develop interests and
confidence in learning hypermedia, to acquire important
theoretical foundations of hypermedia, and to evaluate
hypermedia products. The last two stages were built to
include a great deal of hands-on exercises to facilitate
hypermedia skills of the teachers.

Finally, this paper reports how the HT model was
employed to teach teachers and trainers registered in a
graduate course: "The Design, Development, and Evalua-
tion of Computer-Based Instruction," offered at Pennsylva-

nia State University, Great Valley Graduate Center.
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The five papers included in this section describe the
expansion of computer-based simulations into several
new areas of educational research and application. The
two research papers include (1) a pilot study which
surveys the accuracy of preservice teachers' feedback to
their simulated pupils, and (2) an ongoing study which
explores the basic styles that both preservice and experi-
enced teachers employ as they attempt to teach content to
simulated pupils. The threeapplication papers include (1)
an account of an initial testing of a computer-enhanced
simulation designed to facilitate students' understanding
of biological change, (2) a description of a project which
is designed to teach basic communication skills to
professional educators with the aid of a videodisc
simulation, and (3) use of a simulation at two different
points in the preservice teacher's development of profes-
sional skills.

Research papers
At the University of Virginia, the findings from

several strands of research on teaching simulations are
systematically delineating clear interaction patterns that
both preservice and inservice teachers employ as they
attempt to work with pupils preprogrammed to present
both instructional and classroom behavior challenges.
The Strang study describes the validation of a three-
dimension teaching-style factor structure with a cohort of
experienced teachers, and then discusses each
dimension's relatedness to key demographic and lesson-
related variables. The prospect for including an addi-
tional performande-centered dimension is also discussed.
The second study, authored by De Falco and Strang,
investigates the accuracy of teacher-generated feedback.
Four participant clusters defined by end-of-lesson text
comments are identified, and their relatedness to lesson
performance patterns is discussed. The use of the cluster
data to identify students in need of individualized
instruction is also suggested.

Application papers
In a simulation at Cleveland State University, Ron

Abate uses various seeds as prey and various implements
as prey collectors in demonstrating natural selection to his
students. He is currently testing the utility of employing a
Macintosh Powerbook to enhance computation and
feedback aspects of this experience.

At the University of Pittsburgh, Janet Olson is
developing courseware that is designed to help teachers to
acquire fundamental communication skills. Aided by
interactive experiences with videodisc simulations,
participants, over a short period of time, have realistic
exposures to a variety of job-related communication
situations. The software package is currently being field
tested at several sites in Pennsylvania.

In the final paper in this section University of
Houston teacher educator, Dee Anna Willis, and Rebecca
Brent of East Carolina University discuss the ways they
use a simulation of lesson planning with their students.
Brent uses the simulation to introduce students to lesson
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plan writing while Willis uses it after students have com-
pleted methods courses but before student teaching.

Harold R. Strang, an educational psychologist, is a tenured
professor in the Department of Educational Studies at the
University of Virginia. He teaches an undergraduate
course in child development and graduate courses in
concepts of learning, human development, and adult
development. Over the past decade he and several col-
leagues have been developing and conducting research on
computer-based teaching simulations.

Alice Strang, who holds an M.Ed. in counseling from the
University of Virginia, is an employment counselor with a
community action agency. She is a former English teacher
who has proofread many manuscripts over the years.
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Communicating with
Computer-simulated

Pupils:
The Search for Feedback

Pafferns

Susanne M. De Falco
University of Virginia

Harold R. Strang
University of Virginia

Training preservice teachers to communicate effectively
with pupils is an essential goal in any teacher-training
program. The feedback that teachers provide to pupils is a
linchpin in such communication. Goetz, Alexander, & Ash
(1992) describe how teachers can administer feedback in a
variety of ways and on a variety of topics ranging from
academic performance to pupil deportment.

The content of feedback, regardless of teacher intent,
powerfully impacts pupil expectations and subsequent
performance. Landfried (1989) describes how teachers
often "enable" misbehavior and academic laziness in their
pupils either by ignoring or by reinforcing unsatisfactory
performance. In the same vein, teachers often ignore or
inappropriately punish appropriate behavior.

The Curry Teaching Simulation allows participants to
employ many of the feedback elements that teachers
typically employ in verbal exchanges with real pupils.
Screen menus offer a wide variety of common options
ranging from direct praise to information-giving answers,
and a recent simulation upgrade even allows participants to
issue immediate feedback in the form of complete text
statementsstatements that can introduce the lesson,
prompt erring pupils, and summarize a class's overall lesson
performance.

Data generated by over 1,500 simulation participants
reveal a wide van of teacher feedback patterns. While
many teachers consistently reinforce appropriate pupil
behavior, a sizeable number sometimes reinforce inappro-
priate pupil behavior. The inappropriate reinforcement
phenomenon has been particularly evident over the past
several years, a period during which participants have
increasingly been exposed to challenging classesclasses
in which pupils have been preprogrammed to display low
initiative, low academic preparation, and high levels of
misbehavior. In offering end-of-lesson comments to these
pupils, participants have frequently made broad generalities
about how adequate or even exceptional lesson performance
has been.

In attempting to better understand the nature of
preservice teacher feedback, the present study
1. examines the frequency with which preservice teachers

convey accurate and inaccurate feedback in focusing on
the accomplishments and deficiencies of their simulated
pupils; and then

2. searches for patterns linking the way in which teachers
conclude the lesson with the types of feedback that they
used in interacting with their pupils during the lesson.

Method
Subjects

Subjects included 135 students enrolled in a five-year
teacher-education program at the Curry School of Educa-
tion. Each subject completed the teaching simulation as part
of a laboratory requirement for a learning and development
course. Included in the study were 113 females and 22
males who ranged in age from 19 to 41 years. The mean
age was 21.6 years with a standard deviation of 3.4.
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Simulation Experience
Each subject, assigned the role of a teacher, was

introduced to one of two parallel teaching simulations while
seated at a MS-DOS computer. Activity focused on
reviewing a spelling and math assignment with 12 simulated
pupils. These pupils were preprogramnied to vary in
initiative, level of preparedness and propensity to misbe-
have. The teacher interacted with pupils via two forms of
keyboard input. The first reflected menu options; the
second, text statements. After 50 interactions had been
completed, the teacher had the opportunity to create a
closing comment to the class. The session concluded with
the completion of several short post-lesson questionnaires
followed by a debriefing.

Text Coding
The contents of teacher closing comments were coded

according to both the type of performance feedback
(performance focus) and the accuracy provided (perfor-
mance accuracy). Of the 92 teachers who provided closing
comments, 74 females and 11 males submitted pupil
performance information that could be coded. The current
study centers on this group's end-of-lesson feedback as
defined by the following two categories.

Performance Focus. This dichotomous coding
category addresses the focus of the teacher comments and
questions whether the comment emphasizes (1) class/pupil
accomplishments or (2) class/pupil deficiencies.

Performance Accuracy. This dichotomous coding
category addresses the accuracy of the teacher comments
and questions whether the comment feedback was (1)
accurate in describing class/pupil performance or (2)
inaccurate in describing class/pupil performance.

As a result of the coding, each subject was assigned to
one of the following four feedback cells.

Accomplishments: Accurate feedback. This cell
included text statements which accurately addressed lesson-
related accomplishments. Teachers assigned to this
category (1) provided accurate information to the entire
class about its accomplishments (e.g., "Everyone did a good
job in taking out their books when I asked") or (2) provided
accurate information to a group of pupils about their
accomplishments (e.g., "I am very pleased with those of you
who remembered the classroom rules").

Accomplishments: Inaccurate feedback. This cell
included text statements which inaccurately addressed
lesson-related accomplishments. Teachers assigned to this
category provided inaccurate information to the entire class
about its accomplishments (e.g., "Everyone did a great job
today") or (2) provided inaccurate information to a group of
pupils about their accomplishments (e.g., "Most of you were
prepared for today's lesson").

Deficiencies: Accurate feedback. Tais cell included
text statements which accurately addressed lesson-related
deficiencies. Teachers assigned to this category (1)
provided accurate information to the entire class about a
deficiency (e.g., "Class, next time you all need to remember
to quiet down when I first come into the room") or (2)
provided accurate information to a group of pupils about its

deficiencies (e.g., "Most of you need to remember the rules
of the classroom").

Deficiencies: Inaccurate feedback. This cell included
text statements which inaccurately addressed lesson-related
deficiencies. Teachers assigned to this category (1)
provided inaccurate information to the entire class about its
deficiencies (e.g., "Class, none of you listened today") or (2)
provided conflicting and confusing information about pupil
and/or class performance (i.e., "Everyone did a great job
today, but you all need to pay attention to classroom rules").

Analyses
After the matrix defined by performance focus and by

performance accuracy had been developed, the relationships
between these two independent variables and several
clusters of dependent variables which defined simulation
performance were assessed via a series of two-way analyses
of variance. The dependent variable clusters included: (1)
factor scores for three teaching style dimensions that had
been isolated by Strang and Moore (in press), (2) scores for
two lesson-related variables that define a teacher's display
of positive and negative affect, and (3) scores for two
lesson-related variables that pertain to content mastery. The
results of these analyses must be viewed with caution due to
the potential for Type I errors linked to the variable selec-
tion procedures.

Results
Feedback frequencies for closing comments

Table 1 presents cell frequencies representing perfor-
mance accuracy and focus codes derived from the teachers'
closing comments.

Table 1
Coding matrix

Accurate
Accomplishments 10
Deficiencies 24

Inaccurate
40
11

Lesson performance patterns
The independent variables, performance focus and

performance accuracy, were then included in a series of 2-
way analyses of variance (ANOVAS) to assess their
relatedness to the variables in each of the clusters. The first
dependent variable cluster consisted of the factor scores for
the three teaching style dimensions. One significant Factor
1 main effect was found. Teachers whose closing com-
ments focused on pupil accomplishments rather than on
pupil deficiencies were more likely to use behavior manage-
ment techniques throughout the lesson (p<.01).

The second dependent variable cluster consisted of two
measures of a teacher's use of affect during the lesson: the
teacher's expression of displeasure and the teacher's use of
praise. Two significant main effects were found. Teachers
whose closing comments focused on the accomplishments
rather than the deficiencies were more likely to use praise
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(p<.01) and were less likely to express displeasure with
pupil performance (p<.03).

The third dependent variable cluster consisted of two
markers of content mastery: the number of correct pupil
answers to teacher-posed content questions and the number
of interactions that the teacher devoted to lesson content.
Two interaction effects were found. Post hoc tests of
individual cell differences revealed that:
1. teachers whose closing comments inaccurately assessed

pupil accomplishments promoted significantly more
correct responding in their pupils than did the teachers in
any of the other three groups; and

2. teachers whose closing comments inaccurately assessed
pupil deficiencies initiated significantly fewer content-
mlated interactions than did the teachers in any of the
other three groups.

Discussion
Within the context of simulated teaching, the results of

this study provide several interesting insights into the
feedback patterns of preservice teachers by:
1. identifying a large number of preservice teachers who

provide their pupils with inaccurate feedback;
2. demonstrating the relationships between teacher closing

comments and the ongoing communication patterns that
teachers maintain with their pupils throughout the
lesson; and

3. isolating a group of teachers who may require individu-
alized guidance in developing several fundamental
communication skills necessary for effective teaching.

Inaccurate information In closing comments
An inspection of the cell frequencies presented in Table

1 reveals that 60% of the preservice participants provided
pupils with inaccurate information regarding their perfor-
mance during the lesson: Forty-seven percent provided
inaccurate assessments of pupil accomplishments, while
13% provided inaccurate assessments of pupil deficiencies.
It is quite possible that those teachers who offered inappro-
priate praise identified with the power of positive reinforce-
ment, yet they failed to realize that reinforcement, when
linked to inappropriate behavior, yields undesirable learning
outcomes.

Lesson performance comparisons
The type of feedback that teachers used in their closing

comments related to the communication patterns that they
had employed during the lesson. Three specific effects were
isolated.

Teaching styles. Teachers whose closing comments
focused on pupil accomplishments rather than on pupil
deficiencies tended to use more effective behavior-manage-
ment techniques throughout the lesson. By quickly quelling
misbehavior outbursts, these teachers could devote more
time to their teaching goals.

Affect. Closing comment type also related to the way in
which teachers communicated affect to their pupils during
the lesson. The affective direction, positive or negative that
teachers displayed in their closing comments, tended to
match that which they had displayed in their lesson intern-

321

tions. For example, teachers who focused on accomplish-
ments in their closing comments were more likely than
those who focused on deficiencies to praise their pupils and
were less likely to express displeasure at pupil misbehaviors
elsewhere in the lesson.

Content mastery. Analysis of the variables in the third
cluster provided two interesting results. The first analysis
revealed that teachers who inaccurately assessed pupil
accomplishments promoted significantly more correct
responding in their pupils than did teachers in any of the
other three groups. This finding, however, must be viewed
within the context of overall pupil performancea context
in which only 14.8% of class time was free of misbehavior
and where teacher-solicited homework answers yielded an
accuracy rate of only 56.8%.

The second analysis revealed that teachers whose
closing comments inaccurately assessed pupil deficiencies
initiated significantly fewer content-related interactions than
did the teachers in any of the other three groups. This result,
coupled with several other findings, helps to define a
teaching pattern which is discussed in the next section.

A group that needs help
An overall view of the cell means for the dependent

variable clusters reveals an interesting yet disturbing pattern.
During the simulation, the eleven teachers whose closing
comments focused on inaccurate assessments of pupil
deficiencies, when compared with other teachers, tended to
display an array of ineffective classroom behaviors. This
array included more effort directed toward misbehavior
intervention, less effort directed toward lesson content, and
a higher probability of eliciting content errors from pupils.
Because these teachers were unable to deal with the
recurring waves of pupil misbehavior, they had little time to
attend to the lesson or to the individual needs of their pupils.
Before they assume the responsibilities of a "live" class, the
preservice teachers who display this pattern may particularly
profit from individualized instruction in fundamental
classroom skills. The simulation's evolution as an accurate
approximation of real classroom experiences will undoubt-
edly be matched by its increasing utility as a diagnostic tool.
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Assessing Teaching Styles
in Experienced Teachers

via a Microcomputer
Simulation

Harold R. Strang
University of Virginia

Over the past two years, a major strand of the Curry
Teaching Simulation's research has addressed the variations
in the techniques that preservice teachers use as they attempt
(1) to help software-defined pupils to learn content and (2)
to maintain pupil discipline in classes that invariably have
been "preset" to present both instructional and misbehavior
challenges. The results of a study conducted by Strang and
Moore (in press) yielded distinct behavior clusters which
define three aspects of how teachers navigate lessons. As
presently interpreted, these technique dimensions describe
how individual teachers:

respond to misbehavior (use traditional techniques
versus use nontraditional techniques);
teach lesson content (embrace student individuality
versus fail to embrace student individuality); and
sequence activities (function deliberately versus function
spontaneously).

By focusing on a diverse sample of 57 experienced
teachers, the current study seeks both to validate and to
expand our knowledge of the three teaching style dimen-
sions. Specific goals include:
1. an attempt to replicate the factor structure obtained with

previous preservice student samples;
2. a comparison of the experienced teachers' style scores

with those of a preservice sample to ascertain whether
profile differences exist between the two levels of
experience; and

3. a comparison of the experienced teachers' style scores
with (a) prominent demographic variables (gender,
teaching longevity, and teaching specialty), and (b)
selected simulation performance variables to better
interpret the characteristics of the three style factors.

The ultimate goal of this research strand is to delineate
the paths that experienced teachers follow in effective
instruction and behavior managementpaths which then
can be used as templates in the training of preservice
teachers.

Method
Subjects

Subjects in this study were selected from two pools. An
experienced group contained 57 Virginia public school
teachers drawn from off-grounds graduate-level courses
offered by the Curry School of Education. A preservice
group (described by Strang and Moore, in press) contained
135 teachers-in-training drawn from an on-grounds human
learning and development course completed by students in
their second year of professional training. The proportions
of female subjects in the experienced group and in the
preservice group were 91% and 84% respectively.

Procedure
All subjects individually completed a Teaching Worlds

computer simulation during which they reviewed
spelling\math assignments with a class of 12 software-
defined pupils (Strang, 1993). The class was
preprogrammed to offer three distinct teacher challenges.
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Eight pupils would show no initiative to participate in
lesson-related activities;
eight pupils had not prepared their homework assign-
ments; and
ten misbehavior outbursts (each consisting of an instance
of pupil daydreaming and an instance of unauthorized
pupil talking out) would occur over the course of the
lesson.

During the 50 interactive exchanges (events) which
defined each lesson, subjects communicated to individual
pupils or to the entire class via two forms of keyboard input:
(a) single keystrokes which designated choices offered by
screen menus, and (b) typed-text entries which were
available during lesson introduction, remedial prompting,
and lesson closing. After finishing a lesson, subjects
submitted initiative, academic improvement, and self-
control ratings for each pupil via a computer-administered
questionnaire. Participation concluded after subjects
completed several short paper-and-pencil questionnaires and
received a debriefing from a system operator.

Results
Factor replication

Before considering mean differences between experi-
enced and inexperienced teachers, it was important to
determine whether data from the two groups were structur-
ally similar. To this end, the experienced teachers' data
were subjected to an analysis identical to Jut which had
been applied to the preservice teachers' data (Strang and
Moore, in press). First, a correlation matrix was generated
and three pr'ncipal components were extracted. Next, the
three components were rotated to simple structure according
to the varimax criterion. Finally, loadings for the three
rotated factors from the inexperienced teachers were
compared pairwise with those obtained from their experi-
enced counterparts (Gorsuch, 1974, pp. 253-254). As can
be seen in Table 1, there were moderately high similarities
between corresponding factors (coefficients ranging from
.84 to .85), and low similarities among non-corresponding
factors. Thus, the style patterns identified by Strang and
Moore (in press) are clearly replicated for the group of
experienced teachers.

Table 1
Coefficients of Congruence Matrix

Factor 1 Factor 2 Factor 3
Factor 1 +.84 +.24 -.20
Factor 2 -.16 +.85 +.34
Factor 3 +.15 -.08 +.84

Group differences
The next series of analyses addressed group differences

on the three style factors. The dependent variables, factor
scores for the three measures, were obtained from a
principal components factor analysis with a varimax

rotation applied to the 15 simulation performance scores of
the combined experienced and preservice samples. The
results of independent t-tests performed on the three factor
score variables revealed.

that no significant group differences existed for the
misbehavior intervention variable, t(190)=.80, p>.1;
that experienced teachers focused more on pupil
individuality than did preservice teachers, t(190)=3.16,
p<.01; and
that experienced teachers were more deliberate in
conducting the lesson than were preservice teachers,
t(1906.35, p<.01.
Table 2 displays group means and standard deviations

for the three factor score variables. Note that individual
values are expressed as standard scores with a mean of 100
and a standard deviation of 15.

Table 2
Factor Score Means and Standard Deviations

Preservice
(n=135)

M SD

Experienced
(n = 57)
M SD

Factor 1 scores 99.44 14.21 101.33 16.79
Factor 2 scores 97.83 13.84 105.14 16.45
Factor 3 scores 95.93 12.07 109.63 16.88

Experienced teachers differed significantly from their
preservice counterparts on 7 of the 15 simulation perfor-
mance variables that had been used to build the three
factors. Table 2 presents a summary of significant group
differences that resulted from t-tests applied to these
variables.

Table 3
Group Differences on Individual Simulation
Performance Variables

Factor Variable/Effect
1 Experienced teachers were less apt to use the ineffective

technique of engaging misbehaving pupils in off-task
conversation (p<.01).

2 Experienced teachers were more apt to ask pupils to
"take a moment and think about how to answer" a
particular question (p<.01).

2 Experienced teachers were more apt to ask the class to
indicate who was prepared to answer a particular
content-based question (p<.03).

2 Experienced teachers were less apt to solicit answers
from pupils who were not prepared to answer correctly
(p<.05).

3 Experienced teachers spent more time completing each
lesson-related event (p<.01).
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3 Experienced teachers were apt to wait longer before
attempting to intervene a misbehavior (p<.01).

3 Experienced teachers were less apt to interrupt class
activity to intervene a non-disruptive daydreaming
misbehavior (p<.01).

Factor-demographic variable relationships
Relationships between experienced teachers' factor

scores and three demographic variables were explored via
multiple regression procedures. The demographic variables,
obtained from post-lesson questionnaire responses, included
gender, teaching longevity, and teaching specialty.

Gender. Experienced subjects included 52 females and
5 males.

Teaching longevity. Subjects' classroom experience
ranged from first year of teaching to 26 years of teaching,
with a mean of 9.19 years (S13=6.32).

Teaching specialty. Each subject was assigned to one
of six teaching specialty categories. Total counts revealed
that 23 subjects primarily taught academic content to
elementary students; 13 primarily taught academic content
to middle-school students; 8 primarily taught academic
content to secondary students; 5 primarily taught academic
content to students with special needs; and 5 primarily
taught academic content students enrolled in gifted pro-
grams. A final "low-representation" category included two
music teachers and a physical education teacher.

Stepwise multiple regression procedures were employed
to assess whether individual demographic variables were
related to each of the three factors. In all analyses, the six
teaching specialty categories were treated as dummy
variables.

Misbehavior management. One significant effect
emerged: the middle-school teaching variable explained
11.0% of Factor 1 's variance (p<.02). Middle-school
teachers exhibited fewer traditional behavior- management
responses than did teachers in other specialty categories.

Instructional delivery. One significant effect emerged:
the special education teaching variable explained 11.1% of
Factor 2's variance (p<.02). In delivering content, special
education teachers exhibited more student-sensitive
responses than did teachers in other specialty categories.

Activity sequencing. One significant effect emerged:
the teaching experience variable explained 19.3% of Factor
3's variance (p<.01). Teachers with more experience
interacted with their students more deliberately than did

teachers in other specialty categories.

Summary/Discussion
The validity of the three teaching style factors was

established by the strength of the replication across the two

groups. Based on the professional histories of the subjects

in the samples, this powerful replication effect affirms that

the fundamental behavioral patterns defined by each of the

style factors were shared both by inexperienced and

experienced teachers.

The second series of analyses addressed whether the
direction of the behavioral patterns which define each style
differed across the two groups. Clear experience effects
were found for Factors 2 and 3. Experienced teachers
focused more on student needs and were more deliberate in
teaching their lessons than were their inexperienced
counterparts. In short, they were more likely to exhibit what
Jacob Kounin (1970) called "withitness."

The results of the follow-up t-tests further delineated the
specific teacher behaviors which contributed most power-
fully to the group differences across the style factors.

Factor 1 behaviors. As previously cited, the two
groups did not differ significantly on the factor score
dependent variable for misbehavior intervention and
showed differences on only one of that factor's five teacher
behaviors, the probability of engaging in off-task conversa-
tions with misbehaving pupils. A comparison of the current
results with those obtained in an earlier study that contrasted
the simulation performance of experienced teachers with
that of non-teachers (Strang, Vekiari, & Tankersley, 1991)
provides one interesting finding. Examination of a shared
key variable, the likelihood that a teacher would success-
fully quell a misbehavior via an initial intervention attempt,
revealed that the experienced teachers in both studies
demonstrated high session 1 proficiencies, 83% and 79%,
respectively. The preservice teachers in the current study
also performed in the same range (80%), while the subjects
in the earlier study, individuals who had no professional
aspirations to become teachers, exhibited notably inferior
performance (65%).

Factor 2 behaviors. The experienced teachers' greater
sensitivity to pupil needs during instruction was most
clearly defined by three distinct actions: their alerting pupils
to "think before answering," their linking pupil participation
to pupil initiative, and their decision not to solicit content-
based answers from unprepared pupils. The current study
replicated the effect for think-time, the one dependent
Factor 2 variable shared with the study reported by Strang,
Vekiari, & Tankersley (1991).

Factor 3 behaviors. The experienced teachers' greater
deliberation in sequencing activities was shown by their
spending more time to complete lesson events, by their
waiting longer before attempting to intervene misbehaviors,
and by their refraining from interrupting Lesson activity to
deal with non-disruptive daydreaming misbehavior. While
not addressing identical variables, results related to a
teacher's interrupting the lesson to deal with misbehavior
clearly paralleled those reported by Strang, Vekiari, &
Tankersley (1991).

The third series of analyses, which f )cused on the
relatedness of prominent demographic variables to the
individual factors, yielded three modest effects.

Middle-school effect. Middle-school teachers exhibited
fewer traditional behavior-management responses than did
other teachers. This finding offers a provocative parallel to
the work of teacher educators, Descamps and Lindahl
(1988), who state that middle-school teachers should pursue
eclectic approaches to classroom management. Their
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recommendation is based on a conclusion that "more than
any other school level, the middle school population tends
to exhibit great variety in terms of stages of physical,
intellectual, social, and moral development" (p. 8).

Special education effect. Special education teachers
were more sensitive to pupil needs than were other teachers.
This effect, while not demonstrated by preservice teachers
(Strang & Moore, in press), may well have reflected this
group's expression of fundamental special education
doctrinedoctrine summarized in the following statement.
"Among the foremost principles upon which the field of
special education was initially founded is the importance of
individualization in instructional programming" (Polloway,
Cronin, & Patton, 1986, p. 22).

Experience effect. Teachers with more experience
exhibited greater deliberation in interacting with their pupils
than did other teachers. In light of the age effect identified
in the preservice group by Strang and Moore (in press), the
current study's experience effect may largely reflect the
major contributions of maturational influencesinfluences
that may center either on the currently proposed heightened
thoughtfulness or on less constructive features such as
heightened cautiousness. Directing future research toward
(1) the refinement of the factor structure and (2) the study of
variables that define teacher motives as well as teacher
behaviors will hopefully lead to a better understanding of
the dimensions of this as well as the other two factors.

Factor refinement
After the validity of the factors had been affirmed and

their relationships with demographic measures had been
explored, an attempt was made to isolate additional
simulation performance variables that would strengthen the
existing factor structure. To accomplish this, correlations
between factor scores and selected performance variables
were computed. Variables were found to correlate signifi-
cantly with each of the three factors. Factor 1 scores were
negatively correlated with the number of different ineffec-
tive misbehavior intervention techniques that the teacher
used (r=-.69), were negatively correlated with the likelihood
that the teacher would discontinue intervention before
quelling a misbehavior (r.-.64), and were positively
correlated with the probability that the teacher would use an
unobtrusive misbehavior management technique such as
establishing eye contact or physically approaching a
misbehaving pupil (r=.38). Factor 2 scores were negatively
correlated with how often the teacher shifted attention from
one pupil to another (r=-.53); with the probability that an
unprepared pupil who participated in lesson activity would
commit an error (r=-.65); and with the probability that once
having committed an error, an unprepared pupil would be
asked to answer another item without first receiving help
(r=-.50). Factor 2 scores were also positively correlated
with the probability that the teacher, after intervening a
misbehavior, would return to the current content item
(r=.53). Finally, two significant but small Factor 3 correla-
tions were found. This dimension's factor scores were
positively correlated with how much time the teacher spent
introducing the class to the upcoming lesson via a text

comment (r=.24) and with how often the teacher initiated
status checks to determine the portion of the lesson that had
been completed (r=.21).

The eight new variables described above, along with
several others drawn from both lesson performance and
end-of-session ratings, have been added to the existing
factor variable pool. 1 results of preliminary analyses, in
addition to reproducing the three current factors, suggest the
existence of an additional factor. Centering on variables
which address correct pupil answering, this factor appears to
reflect the degree to which a teacher emphasizes pupil
achievement during the lesson. Further exploration of the
teaching simulation factor structure will continue with a
new subject cohort comprised of preservice teachers
enrolled in the Curry School's learning and development
course during the current semester.
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Modeling Concept
Development Techniques

via a Simulation of Natural
Selection

Ron Abate
Cleveland State University

"

A computer-augmented simulation of natural selection,
used in a graduate-level course on instructional develop-
ment, was tested over two academic quarters to determine
whether the simulation worked as designed and whether the
simulation improved student understanding of the concept
of natural selection. Continual revision of the prototype led
to software that was reliable and reasonably user friendly.
An exploratory study examined the effects of use of the
software on changes in students' understanding of natural
selection. This exploratory study raised several questions
for future consideration.

Predator and Prey Simulation
Charles Darwin's contribution to evolutionary theory is

commonly referred to as "survival of the fittest." This
popular phrase has a variety of interpretations, not all of
which are accurate. One frequently encountered interpreta-
tion centers on "tooth and claw" combat. This interpretation
is promoted in a fast-paced television commercial where
different animals literally fight for their lives. In the
commercial, natural selection appears to hinge on the
physical strength of the combatants. In reality, the competi-
tive mechanisms of nature are more subtle, paced and
powerful than this commercial leads an audience to surmise.
Natural selection is driven by the long-term effects of
variation within and between species. Successful variations
accumulate over time, while less effective variations
become extinct. Despite the importance of species varia-
tion, many students overlook its contribution in explanations
of biological change (Abate, 1993).

Given an environment, a predator population, and a prey
population, is it possible for students to generalize the
importance of variation in natural selection? To answer this
question, I revised an experiment from an undergraduate
environmental studies class (Bodkin, 1987). In this paper-
and-pencil exercise, students simulate predator and prey
relationships based on a simple model of species variation.
Students are fust assigned to a predator population. Prey, in
the form of a variety of seeds, are scattered on a lawn, and
the student predators then collect the prey with predator-
specific tools. The paper-and-pencil version of this
simulation requires students to compute future generations
of predators and prey by hand, double check the figures and
verify that the results follow the population formula
correctly. The data collection portion of the experiment can
be compromised by simple computation errors that invari-
ably distort the composition of future predator and prey
generations. In addition, the need to compute data by hand
increases the amount of time required to run the simulation.
Despite these drawbacks, the paper-and-pencil activity
offers a workable simulation of natural selection.

Computer-augmented Simulation
The computer-augmented predator and prey simulation

began with a pre-test on students' understanding of' biologi-
cal change followed by a class discussion of the assump-
tions underlying a natural selection model (Botkin,.1987). It
was hypothesized that knowledge of these underlying
assumptions and the experience of collecting data would
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contribute to the students' understanding of the concept of
natural selection.

A HyperCard stack was developed to automate the
computation process (see Figure 1). This stack accepts
information on how many prey have been collected, returns
information on survivors, and recruits for the next genera-
tion of predators and prey. Current implementation of the
stack includes storing the predator and prey data on the hard
drive of a Macintosh Powerbook. The battery power, light
wei^,ht, and small size of the Powerbook allow the simula-
tio:, to be implemented in the same outdoor environment in
which the paper-and-pencil version had been run. An
additional benefit of the computer version became evident at
the conclusion of data collection. Data from the HyperCard

& 3). The computer automation of data collection reduced
the data collection time by more than fifty percent which, in
turn, created additional time for student data analysis.

The HyperCard version of the predator and prey
simulation worked as follows. The students were told that
they would assume the role of predators in an experiment on
the processes of natural selection. Student predators varied
according to the type of tool that they would use to collect
their prey. The five variations of collecting tools included
chopsticks, sticky tape, knives, forks, and spoons. One
member of each predator group was assigned the role of
leader. The leader was given a bowl to store the captured
prey and a form on which to record the type and qr.antity of
prey captured during each session (generation) of the

r File Edit Go Tools Ob jects Font Style cp 0
lumber of Prey Surviving

Recruitment - X Total Number of Prey Killed
Total Number of Survivors

Prey
Generation Lentils Peas Quinoa Beans Totals

One 150 150 150 150 600

* of Recruits
+

* of Survivors

22

143

22

143

15

101

20

134

79

521

Two 165 165 116 154 600

* of Recruits
+

* of Survivors

ftiree 600

* of Recruits
+

* of Survivors

Four 600

.1

Figure 1
Sample Screen from HyperCard Stack

stack can be transferred to an integrated package for
automated graphing of results. These graphs may then be
displayed in class on an LCD screen, transferred to transpar-
encies or printed out for the student analysis (see Figures 2

experiment.
The prey species consisted of four types of seed that

varied in size, shape and weight. There were 150 of each
type at the start of the experiment. The quinoa prey were
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Figure 2
Changes in Prey Population

off-white, very ligb n weight and somewhat larger than the
head of a pin. In contrast, the black beans were the heaviest,
largest and darkest prey. The split green peas and lentils
were similar in weight and size, falling somewhere between
the quinoa and the black beans. The brown lentils blended
with the soil of the lawn area while the green peas blended
with the blades of grass. The students examined the prey
and collecting tools and made some predictions concerning
which prey and which predators would be successful. The
students then proceeded to the predefined ecological niche
(a lawn area on campus) where six hundred prey had been
randomly scattered.

Before completing the exercise, each predator group was
organized into four-member teams. Teams were informed
that they were to collect as many prey as they could during a
simulated generation. After thirty seconds of prey collec-
tion, the generation ended, predators were regrouped, prey
were tallied, and totals were entered into the computer.

The number of individuals that can be maintained in an
ecological niche is limited by the resources available to that
niche. This resource-based "carrying capacity" serves an
important role in determining population growth and species
survivability. The carrying capacity was set to 600 for prey
and 20 for predators in each of the three simulated genera-
tions. Recruitment was based on a formula which took into
account the number of a particular prey or predator type
surviving, the total number of survivors, and the total
number of prey or predators surviving. The program
calculated the composition of the next generation based on
the population change formulas. Recruits for the prey
variations were counted and added to those already on the

9 I:* 9

lawn. Predators were required to capture a set number of
prey if they were to reproduce a succeeding generation. For
example, in our experiment, since the chopstick variation
was not successful at capturing prey, it became extinct after
only one generation. The carrying capacity for predators
did not change between generations. The students who had
been members of the chopstick predator group were
assigned, for subsequent generations, to one of the supiving
predator groups, e.g., the spoons.

Concept Development
What traits improve a species' chance of survival? Is it

possible to explain why a trait reduces the chances of
survival? What can be generalized about biological change?
What do the data suggest about changes across the genera-
tions? These were just a few of the questions posed to the
students. The experimental data were graphed to help the
students to visualize the population changes (see Figures 2
& 3). The discussion portion of the activity focused on the
collected data. The students compared, explained, gekieral-
ized and made predictions using the collected and graphed
data as well as a matrix that they had developed on species
traits prior to data collection. These instructional strategies,
combined with teacher questioning, were employed to
improve concept development (Eggen, Kauchak, & Harder,
1979). Copies of the graphs on changes for both the
predators and prey were distributed at the s:art of the next
class. We began our discussion with the predator popula-
tions. The students explained the graphs on the basis of
their personal experiences as predators.

One pre-experiment prediction included the extinction
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of the chopsticks predators. Students based this prediction
on their familiarity with and difficulty with using chop-
sticks. This prediction was substantiated by the experiment.
A second pre-experiment prediction, however, did not hold.
Students imagined that the sticky surface of the tape would
prove to be a successful adaptation for collecting prey.
What the students realized after one generation was that the
tape also picked up grass clippings, dirt, and stones, thus
decreasing available surface area. In addition. dew from the
grass saturated the tape and reduced the adhesive strength of
the glue.

"What if' questions were posed on each predator
variatione.g., "What would have happened if all the
predators were tape or chopsticks?" or "What if the niche
was a flat surface like the floor?" Additional questions and
the subsequent discussion led the class to the conclusion that
variation iva key element of survivability.

The results of the experiment on the prey population
were less definitive than those on the predator population.
but several trends did appear in the data. The quinoa
population increased, the black bean population decreased,
and the lentil/split pea population oscillated around 150
individuals. The students used the prey graph to support the
key generalization that the prey who survive generate
offspring and that the offspring, in turn, increase the
incidence of the desired trait in the population. After the
students had shared their insights on beneficial and harmful
traits, we talked about other factors that might have influ-
enced the results. Predictions were offered on the success of
one prey over another, and the students generalized die
results of the experiment to different environments, different
predators. and different prey.

Preliminary Results and Discussion
One group of students was pre- and post-tested using

two versions of a test which assessed understanding
biological change (Settlage, 1993). Each of the test's twelve
questions consisted of two parts. The first part involved
choosing the phrase that predicted the outcome of a situation
describing some aspect of biological change. The second
part required selecting the reason for the choice made in the
first part. An answer was considered correct only if both
selections were accurate. Of the 24 students who partici-
pated in the experiment, 17 showed improvement from the
pre-test to the post-test. Four of the top five pre-test scores
were among the group of students who did not show
improvement. Were the two sets of scores significantly
different? A t test for related samples, applied to the two
sets of scores, revealed that the across-test improvement was
significant (p<001). Since the informal study did not
include a control group, it was impossible to determine
whether this improvement resulted from the increase in time
available for class discussion or whether the simulation
itself provided the students with additional insights into the
mechanisms of natural selection. At best, the evidence
collected in this informal study attributed an instructional
benefit to a combined simulation/discussion approach.

One question that surfaced from the informal study was
whether students who experience the computer-augmented
simulation gain a greater level of understanding of natural
selection than do students who experience more traditional
instruction on this topic. How this computer. augmented
simulation will compare to the paper-and-pencil version of
the simulation or to more traditional instruction is clearly
open to question.
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The novelty of the computer simulation, along with the
availability of additional time for discussion, encouraged
these students to analyze the collected data more fully. The
depth of class discussion, predictions made, and explana-
tions provided surpassed those encountered in previous
implementations of the paper-and-pencil simulation.
Lacking a formal analysis, personal experience with the
computer version of the simulation and the anecdotal
comments offered by the students suggest that the effects of
the simulation ar 2ositive and that a formal investigation
might prove promising. Future investigations will examine
how the computer augmented simulation contributes to
students' understanding of biological change.
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Development of a
Videodisc Simulation

to Teach Communication
Skills

Janet Signe Olson
University of Pittsburgh

The issue of professionalism and the way the profes-
sional interfaces with the community is a growing concern
to the field of education as we approach the 21st Century.
The ability to communicate effectively is an ever present
priority if we in education are to move toward a restructured
system that promotes positive professional relations and
cooperation with the parents and the community. During the
past decade, the expanding literature on home-school
partnerships has identified the need for both teachers and
parents to share responsibility in educating today's students
(Swap, 1993). In order to support such a partnership, it is
imperative that both teachers and parents communicate
clearly and effectively.

Microcomputer technology has emerged as a viable
means by which preservice or inservice teachers can learn
new skills or upgrade their competencies. Simulations
provide the opportunity for teachers to gain experience with
new and unusual circumstances in an environment that is
both realistic and nonthreatening. An added benefit of
simulations is that teachers can gain knowledge and
expertise through interaction with composite scenarios that
would be difficult or impossible to provide consistently for
training purposes in the field or classroom.

Higher education is faced with the challenge of training
preservice as well as inservice teachers to present a consis-
tent professional image that reflects the highest standards
possible in keeping with contemporary school district
policy. It is imperative that teachers develop and maintain
proficiency in the effective use of communication skills
when dealing with parents, colleagues, and administrators.
This proficiency is essential in order to eliminate or reduce
miscommunication which may impair the ability of a
teacher to work effectively with others.

At the present time the experience and training of
teachers to deal with these communication demands is
varied, inconsistent, or even nonexistent. The specifics of
comm-aication skills are not formally addressed in teacher
education classes. Furthermore, the professional rarely
receives any training about communication skills while
working in the field. With the emphasis in teacher training
on content-related areas, there is usually no room in the
curriculum for more pragmatic concerns such as communi-
cation skills. The preservice teacher is often placed in the
field with no background in how to deal with specific
communication challenges. Additionally, there is little time
in the school day for teachers to participate in inservice
training that requires them to be away from their class-
rOOMS.

This training challenge is compounded by the fact that
by restructuring the concept of regular and special educa-
tion, teachers must now deal with students who represent a
wider rangc of abilities and needs. The parents of these
students may also exhibit expectations, needs and demands
that are not compatible with the teachers' common commu-
nication experience and expertise. With a broader spectrum
of personalities and personal objectives, the climate exists
where more challenging communication interactions can
transpire. As new avenues are explored with an expanding
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The novelty of the computer simulation, along with the
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student population base, the likelihood also increases that
additional communication skills may be needed to deal with
anxieties, concerns, and unrealistic expectations that might
occur in conferences and meetings. There is a need for
strategies to be developed to enable teachers to communi-
cate district policy clearly and consistently to parents in a
professional and diplomatic manner.

Objectives of the project
The objectives of the project are:
To teach professional educators basic communication
skills.
To present strategies for the professional to use when
communicating with parents with different backgrounds
and needs.
To present strategies that are consistent with district
policy for use in difficult situations.

Description of the Project
Needs Analysis

This project addressed the development of courseware
materials for the purpose of training preservice and
inservice teachers basic communication skills and strategies
for communicating with parents of public school-aged
children. The plan for executing a needs assessment
included an analysis of both the content and the tasks in
order to identify discrepancies and needs that the instruction
could address (Seels & Glasgow, 1990). This data collection
involved a three-prong approach where information was
gathered from three different target groups: the teachers,
building principals and central administration. Each group
was administered questionnaires that focused on informa-
tion and attitudes toward various aspects of parent-teacher
communication. Representative members of each group
were also selected for interviews in order to obtain more
indepth information.

Analysis of the data gathered revealed commonalities in
a number of areas that were important to the focus of this
project. In triangulating information from the three groups, a
consensus of important elements was established which
suggested that:

The formalized training provided in teacher education
programs and inservice training has been minimal and
inconsistent. There has not been standardized or
comprehensive instruction in this area.
There is a need for more clearly defined district policies
and procedures for dealing with situations that are
difficult or challenging. Clarification of a common plan
of action allows all parties involved to participate in the
communication process wi'',imore assurance that their
interactions are appropriate and support the common
goals of the district.
Parent-teacher communication is essential in developing
and maintaining a solid, supportive learning environ-
ment. Further instruction in this area would be valuable
in making teachers feel more confident and effective in
communicating with parents.
Common communication problems were identified that

"

were either directly experienced by the respondents or
were anticipated by them as potentially realistic sce-
narios which may be encountered in the future. These
communication problems were categorized into general
patterns of behavior by parents who demonstrated such
traits as hostility, manipulation, defensiveness, violence,
unrealistic expectations and anxiety.
Specific strategies were identified that addressed dealing
with and resolving difficult situations. The strategies
included numerous verbal communication skills,
effective vocabulary usage, documentation and record
keeping, and methods to diffuse emotional situations.
The need for follow-up activities in these circumstances
was also targeted as an important component in support-
ing and sustaining the communication process.

Based on analysis of the data collected from the
different perspectives of the teachers, principals, and
administration, three basic elements were identified that had
to be addressed by the courseware. First, common commu-
nication problems were identified that were either experi-
enced directly or could potentially present a problem in the
future. Second, common strategies were identified that had
proven to be successful in dealing with communication
problems in the past. In instances where strategies were not
apparent or effective, a review of the literature on
parent-teacher communication provided the necessary
information (McConkey, 1985; Simpson, 1990). The third
element identified was that the strategies selected for
dealing with various communication problems had to be
congruent with the district policy and expectations.

Identification of media and delivery of
Instruction

The courseware materials include an instructional
manual, computer software and an accompanying videodisc
that provides tutorial instruction and practice in simulated
experiences. The simulations are representative of different
types of communication situations that teachers may
experience on the job. This courseware is designed as stand-
alone materials that can be used by professionals or
preprofessionals individually and during more than one
session if necessary. By training professionals in strategies
designed to avoid or diffuse unpleasant experiences that
they may encounter, these materials assist in optimizing the
effectiveness of interactions with parents. The instruction
addresses information that identifies nonproductive and
ineffective communication as well as suggestions and
activities that allow for success.

Use of interactive instructional media has well demon-
strated the effectiveness of providing the learner with real
life experiences while in a simulated environment. Interac-
tive videodisc applications have been documented as a
successful teaching method for preservice and inservice
teacher training (Dalton & Hannafin,1987; Goldman &
Barron, 1990).

Through this type of interactivity, instruction is possible
that allows for examination of situations or events that
would either be difficult or impossible to recreate in an
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actual classroom environment. The simulations permit
experimentation with various encounters while also
maintaining a sense of security and discretion. The teachers
are afforded the opportunity to explore interactions with a
wide variety of communication experiences that can be
expanded as the training needs dictate. In a relatively short
period of time, teachers can gain experience and knowledge
of a range of communication problems that would not be
possible to experience in the natural course of actual job
experience.

The use of individual tutorials and simulations can
enable the individual staff member to learn the information
in a manner that is both private and confidential. This
approach maximizes the learning situation in that the staff
member may participate in learning activities in a nonthreat-
ening environment that allows for exploration of new ideas
without publirly receiving evaluation or criticism of their
current expertise in communication skills. Thus, the
opportunity for possible embarrassment can be minimized,
and sensitive issues can be addressed in an environment that
fosters encouragement and acceptance. The utilization of
these interactive materials will provide realism to the
simulation that approximates real-life occurrences. This
instruction can also be replicated in a standardized manner
throughout the school year for any professionals who are
either required to participate in the training or merely desire
to enhance their communication skills.

Prototype development
The instructional manual for the package contains

background material related to basic communication skills.
Included in the topics addressed are the necessary compo-
nents of the communication process, effective listening
skills, barriers to communication, communication styles and
strategies for dealing with difficult situations.

A tutorial software program was developed based upon
the needs analysis data. This software program also
provides simulation exercises that allow learners to apply
the information presented to common communication
problems that have been identified. These simulations are
representative of the types of scenarios and personalities that
a professional may encounter in an educational setting.
After participants respond to particular situations, the
software branches to various consequences and solutions
that commonly occur in actual conferences and encounters.
The program includes features that provide reinforcement
and feedback that explain the appropriateness and effective-
ness of a chosen response. Suggestions for follow up
activities are also provided to maintain the concept that
communication is an ongoing, dynamic process that must
continue to be supported and nurtured.

A videodisc is being developed that will accompany and
enhance the software tutorial. With this technology, more
sophisticated and advanced information may be presented
(i.e.. nonverbal communication, gestures, facial expressions)
that is not practical with the computer program alone. The
use of this interactive technology will give the learners real
life exposure to situations that are representative of what
they may encounter on the job. The videodisc will comple-

ment as well as expand the simulations that are provided in
the software package.

Evaluation of the project
The software package is in the process of formative

evaluation which includes pilot and field testing. The target
population for this testing includes teachers in the Fox
Chapel Area School District in Pittsburgh, Pennsylvania,
who are in the district induction program, the teacher
improvement program or who volunteer to participate to
update their communication skills. Preservice and inservice
education students at the University of Pittsburgh and
Duquesne University will also participate in the field
testing. Additionally, the project is being evaluated by the
students in the Program of Communication at La Roche
College in Pittsburgh, Pennsylvania, for communication
effectiveness.

The evaluation data gathered includes pre- and post-test
information, debriefing interviews of participants, and an
exit evaluation of the program. Based on results of field test
information, revisions and modifications will be made to
further enhance the instructional package. The Fox Chapel
Area School District administration will also have an
opportunity to review the program and respond to its
effectiveness and accuracy in presenting and supporting
district policies and practices.
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Teacher educators new to the field of technology in
education often view the use of any technology as an add-
on to an already well-developed syllabus. This paper
argues that computer simulations are better viewed as
methods for enabling students to develop deeper concepts
related to teaching and that the placement of a simulation
within the teacher education program depends upon the
structure of the program and the needs of the teacher
education students. As an example we cite our develop-
mental work with a simulation Planning Lessons Using
Simulation (PLUS) used in two very different programs.

The Novice and Lesson Planning
Berliner (1986) suggests that lesson planning is a

complex series of decisions based on knowledge that
experienced teachers have internalized. He says that
experienced teachers and novices are different because the
novice does not have that knowledge. We tend to teach
lesson planning in a linear manner, but early research
suggests that planning is a recursive process during which
teachers make decisions about content sequence, grouping,
classroom activities, evaluation procedures, and use of
instructional time (Sunal & Haas, 1989). Copeland (1989)
proposes the development of a class of interactive, technol-
ogy-based simulations to help students develop "clinical
reasoning." Clinical reasoning is "thought processes that
precede purposeful teacher action" (p. 10). Copeland's
assumptions are: (a) reflection is essential in developing
clinical reasoning; (b) to be able to reflect, there much be an
experience sufficiently rich to give something to reflect
about; (c) carefully constructed simulations can provide a
rich experience. Further Copeland states:

Simulations allow trainers to distill the variety of
clinical events novices normally experience over
lengthy periods of actual work into a concentrated and
controlled set of practice encounters. This distillation
can be used to increase the rapidity by which the
knowledge structures that are the basis of effective
clinical reasoning can be developed (p.12).

What makes the use of simulation so powerful is not
just the technology, but the human element in the debrief-
ing that follows the simulation. Raths (1987) talks about
the value of debriefing in learning:

Debriefing gives students relatively free rein to orga-
nize, compare, classify, evaluate, summarize, or analyze
and experience. The product of the debriefing process
is an articulated sense of 'meaning.' It is through this
process of constructing personal meaning that students
reveal their misunderstandings, oversimplifications, and
personal theories (p. 27).

Raths suggests activities to help with debriefing
including writing log/Waries, writing a precis, naming
themes, imagining alternative endings, evaluating, role
playing, drawing, comparing, or concept mapping.

PLUS was created to assist students in developing the
relevant knowledge that leads to understanding and using
the steps in a teacher-directed lesson.
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Rationale
Because of early successes in the use of simulations in

our teaching (Brent, Willis, & Beacharn, 1992; Willis &
Willis, 1991) we both felt that it would be beneficial to
develop a series of simulations specifically for teacher
education. While our long range goals include the develop-
ment of a number of simulations focusing on delivery as
well as planning of different types of lessons, we decided to
focus on Madeline Hunter's direct instruction model for
several reasons:

Planning and writing lessons are difficult activities for
most beginning education students. Both authors spend a
lot of class time helping students develop the expertise
needed to begin to practice on their own.
The direct instruction model is often the first taught and
is probably the most straightforward.
Both North Carolina and.Texas use teacher appraisal
instruments based heavily on the direct instruction
model.

Description of PLUS
PLUS takes the student through the planning and

writing of one direct instruction lesson plan including the
selection of materials. Students are given a description of a
third grade language arts class and the topic of the lesson.
Throughout the simulation students are asked to choose
from among a poor, a good, and a better selection at each
decision point. At critical points in the simulation students
are given a "reality check" based on actual classroom
experiences of the authors. For example, students must
decide how to respond when, during a brainstorming
session, a child suggests something totally off-the-wall. At
each decision point students are given feedback on their
choices. Throughout the simulation students have access to
pull-down menus that provide tutorial information on the
different parts of the lesson plan and reminders of selections
they've already made.

Despite the fact that we created the simulation together
we neither use it in the same manner nor at the same stage in
our students' development. The following describes our
two different applications of the simulation.

ECU Program Use
At East Carolina University, PLUS is used in the first

methods courses taken by students in their junior year. A
special section of 25-30 students co- enroll in a general
methods course and a language arts methods course.

The linked courses have the following characteristics:
Courses are scheduled back-to-back resulting in a four-
hour block of time twice a week throughout the semes-
ter.
Instructors team to deliver instruction using flexible
scheduling and joint presentation of shared topics, such
as lesson planning and assessment strategies.
Students are videotaped as they microteach a language
arts lesson early in the semester and at the end of the
semester. Both taping sessions are followed by self-
assessment, peer evaluation, and instructor conferences.

In teaching teams of three, students plan and teach a
series of ten related lessons to a small group of children
enrolled in an after school tutorial program.
PLUS is used as a tool to assist students in their under-
standing of lesson planning.

The instructors team teach a four-hour session on lesson
planning beginning with a demonstration of a teacher-
directed lesson. After a discussion of their observations
about each step, students work in groups to assemble lesson
plans from separate components and to write their own
simple lessons. It is at this point that PLUS is first intro-
duced. A demonstration in class introduces the students to
the basics of using PLUS including how to start the
program, use of the mouse, and how to quit.

Then each team of three students receives a disk
containing PLUS they can use over the next two weeks in
any way they choose. Some gfoups go through the program
as a team, discussing the decision points and trying different
responses. Other teams work through the program individu-
ally or try a combination of group and individual work.
After a week, time is spent in class debriefing the simula-
tion. The students talk about how they felt as they worked
through the simulation and they generate questions and talk
about other uses for the material they learned. The next
week, teams turn in the disks and complete a questionnaire
and quiz on the material.

Since PLUS is used early in the introduction to lesson
planning, students are able to learn details about the steps,
evaluate and select steps, and think about what will happen
when the plans are implemented. PLUS makes lesson
planning come alive in a way that simple lectures or even
class activities cannot. Students may not absorb all that
PLUS has to offer due to their own limited experiences.
However, it lays a good foundation which affords them the
possibility of deeper understanding as they gain experiences
with teaching.

UH Program Use
Interns in the Teachers For Tomorrow program,

sponsored jointly by the University of Houston, Houston
Independent School District, and the AT&T Foundation, are
field-based for approximately one year. Students admitted
to this special program spend approximately 30 hours a
week, including two hours of seminar, in a public elemen-
tary school. They rotate among a number of classrooms at
every grade level, pre-kindergarten through fifth, in every
ancillary class, and in the school office. Interns begin by
observing, but quickly are asked to teach small group and
whole group lessons. During the first semester they also
take six hours of methods courses, leaving the school to
attend classes Monday and Wednesday afternoons. By the
time interns move into student teaching, usually during the
second semester, they have a richer knowledge of the
myriad of duties, pains, and pleasures that impinge on
teaching.

The school is very much an inner-city school with all the
attendant problems including lack of funding for technol-
ogy. Because very little technology is available seminars
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are held on campus at least once a month in the UH
Classroom of the Future (COF). With technology readily
available software applications are modeled for the interns,
and the integration of technology discussed. For several
semesters the interns have used PLUS, but at differing times
in the semester. The first group used the simulation very
early in their first semester. In one seminar direct instruc-
tion was the focus with modeling followed by discussion
and small group work to give students an overview. During
the second week the seminar was held in the COF where
students went through the simulation followed by a debrief-
ing. The next group of interns were not given PLUS until
near the end of their first semester. The debriefing focused
on relating parts of PLUS to interns observations and
experiences during the preceding weeks. This proved to be
a better placement for the interns for a number of reasons.

The majority of the first group had few classroom
experiences observing, in a clinical manner, a direct
instruction lesson. Their background information was often
naive and many nuances implied in the simulation were
overlooked. While interns termed the simulation nice and
informative, subsequent course requirements demonstrated
that many had unclear concepts. PLUS may have actually
added to their initial confusion. When this group went
through the simulation they were just beginning their
methods courses. These are taught two at a time in five
week blocks, with each methods instructor putting a
different 'spin' on lesson planning, but with an overall
construcfivist approach. The constructivist view of design-
ing lessons tends to leave naive students with the idea that
all direct instruction is undesirable, but they also know that
if they are going to teach in T--as they will be expected to
demonstrate proficiency in dire instruction. This di-
chotomy the philosophy of Si. . in's reflective practitioner
and constructivism versus the reality of public school
requirements causes conscientious students a high level of
stress. For beginning interns this created too much disso-
nance. The more experienced interns have not only learned
to design and teach student-directed lessons, they have
witnessed, and reflected on, a number of lessons success-
fully taught in a variety of ways. At this point PLUS helps
them to consolidate what they've learned about lesson
planning in the methods classes with what they've learned
in the field, and they begin to explore ways to meet adminis-
trative requirements while serving the needs of their
students. PLUS becomes a stimulus for discussing not only
planning, but what to do when the plan goes astray. The
reality checks provide a focus for advance reflection. As
part of the reflective practice we encourage our students to
think what if, to reflect not only in action and on action, but
pre-action! By asking our students to think what if what
if none of the children respond? we help them to become
reflective practitioners, ready for other real-fife teaching
scenarios.

Summary
At East Carolina University teacher education students

build a foundation for lesson planning using PLUS. At the
University of Houston PLUS helps students bridge the gap

between theory and practice. PLUS is thus used in different
ways at the two institutions, but both uses arc suited to the
particular program and individual developmental needs.
PLUS and the debriefing that accompanies it help provide
the stimulus for necessary growth in the area of lesson
planning. The differentiated use of PLUS illustrates the
general point that is often overlooked when integrating
technology resources into teacher education: when, how,
and why the technology is integrated is more important than
what technology you integrate.
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Efforts towards Programmatic Change
Ongoing efforts to better integrate technology as an

effective tool for instruction in schools across the country
continue. These attempts are not new. Small steps toward
success can be seen in pockets throughout this country and
abroad. What has become clear is that the cost in time and
effort of existing projects has not produced the hoped-for
quality of change.

One of the realizations that has grown out of the efforts
that have taken place is that the practitioners in the schools
are only one of the many audiences that need support if we
are to prepare students in classrooms to be productive
citizens in the 21st century. Faculty in schools of education,
preservice students and classroom practitioners all need help
as they develop the knowledge and strategies needed to
implement technology into their own teaching. It will take
the efforts of many to accomplish this monumental task. It
is unlikely that any of us alone can accomplish our goal.
Working together in collaborative partnerships of many
kinds may be one of the keys towards greater success in
these projects.

The twelve papers in this section represent a variety of
efforts toward helping members of each of the groups
mentioned. The majority of papers fall into one of 3
categories: supporting practitioners partnerships for
change; supporting practitioners university projects; and
supporting faculty schools of education integrate
technology. The papers by David-Hanson and Johnson and
McMahill are unique.

David-Hanson reminds us that whatever the partnership
or project to incorporate technology as an instructional tool,
it is necessary to begin with the teachers' concerns and
attitudes towards the changes we are asking them to make.
This paper suggests examining the value of using the
Myers-Briggs Type Indicator as a tool for designing
professional growth activities and for matching facilitators
with the participants in their workshops.

The Johnson-McMahill paper begins an examination of
the complex issues surrounding diffusion of innovation
research. The model described was meant to introduce
multimedia technology and constructivist instructional
stategies into the high school classroom. In addition the
authors were attempting to identify key variables from
diffusion of innovation research that would increase the
probability of affecting change. Their early findings have
implications for all who are designing projects to bring into
school settings.

Supporting practitioners Partnerships
for change

Four of the papers describe partnerships across several
agencies to provide opportunities for school-based practitio-
ners to increase their skills in using technology in the
instructional process.

Baumbach, Bird and Brewer describe a partnership
which includes the university, business, and the state
department of education. This partnership has been ongoing
and continues to pursue a multifaceted range of technology
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support for educators in die state. Each of the partners
strongly believes in a continued focus on providing more
professional development opportunities for teachers. As the
authors point out in their conclusion a partnership such as
this provides more resources, more support and more
training for teachers across their state than any one partner
could have provided alone. This model provides valuable
suggestions for us all.

Cowley and his colleagues from South Africa describe
the early stages of introducing both teachers and :.tudents to
the broad range of ways in which technology can become a
valued tool in their educational settings. Partnerships
between the university, the provincial educational depart-
ments and local school districts provide opportunities for
students and models for their teachers that can be locally
implemented. Another goal of this project is to make
educators aware of the professional growth opportunities at
universities that will enhance their own professionalism.
Implementation of this plan is costly in both dollars and
time but initial results with students are encouraging to both
the students and the educational community.

The partnership between McREL (Mid-continent
Regional Educational Laboratory) and local schools is
described in the Fanning paper. One technology based
project from the agency was involved in efforts toward
school restructuring. Fanning describes a technology
partnership with two local schools aiming in that direction.
This is a powerful paper that reminds us that even with a
well-designed project and the best of support, results may
only help us to learn how to do it better the next time. The
best of partnerships is dependent upon the internal support
within the individual school settings that are involved.
Strong external support and the interest of students and a
few enthusiastic teachers are not enough to move the school
forward. Key issues of importance to educators planning
partnerships are identified in this paper.

The Staudt paper also describes the results that can
emerge from a partnership. In their partnership with a
Texas Educational Agency this university has established a
technology classroom that can help teachers to use, under-
stand, and employ technology in the working environment.
Designed to be a training ground for university faculty,
preservice students and classroom teachers, the site provides
opportunities for all groups to look at strategies of class-
room integration as well as telecommunication, distance
learning, video conferencing. As educators we will look
forward to the results that follow the implementation of this
exciting facility.

Supporting practitioners University
projects

The Train the Trainer model described by Benavides
and Surrey prepares preservice faculty to model the uses of
computers and other technologies. Institutional support
provides training for those who will become a team of
trainers working and partnering with colleagues. The
cooperative model adds a special dimension. In the long
term this group plans to continue the training process as new

3 ' 0

technologies emerge and to foster innovative uses within
classroom settings.

The developmentally appropriate use of computers with
young children is the focus of the Technology in Eprly
Childhood Habitats (TECH) program at the University of
Delaware as reported by Caruso, Trottier, and Shade.
Preservice and inservice teachers who successfully complete
this program are capable of and confident in the use of
technology as an integral component of their early child-
hood program. This model consists of three fundamental
elements: theoretical foundation, hands-on practice, and
constructive evaluation.

Two papers in this section describe university projects
that recognize the need for school of education faculty,
preservice students and current practitioners to become
familiar with the various technologies and ways in which
they are used in classrooms. While each project takes a
different approach each has also been successful in the
context for which it was designed.

The project at the Anahuac University in Mexico City
focused on developing software to support the teaching of
mathematics in elementary school. Machuca and colleagues
realized that the success of the project was highly dependent
of the role of the teacher. They have also designed a set of
three courses that would prepare the teachers to partner with
them in using the software in the most effective manner. At
this time the group has not provided a description of the
implementation of their plan. This process and the accom-
panying results will be of value to other educators and we
can look forward to hearing more from this group in the
future.

The National Center for Technology Planning at
Mississippi State University has been developed as a
resource for schools all over the country that are preparing
and implementing school or district based technology plans.
The Anderson and Perry paper provides a clear picture of
the steps a planning committee would be wise to follow as
well as listing resource suggestions, beyond the Center, that
would be helpful. We can hope that Anderson and his
colleagues are collecting data from those who are taking
advantage of its resources and strategies in the planning
process. Hearing from those who have completed develop-
ing and implementing their plans would be of value to
others who are moving in that direction.

Supporting faculty Schools of
education integrate technology

Several papers in this section describe faculty develop-
ment plans in schools of education. If preservice teachers
are going to enter schools ready to use technology in their
own classrooms they need to have opportunities to use the
technology in the programs and to see their own instructors
model the ways in which technology can be an instructional
tool.

The professional development plan described by
McKenzie and Mims was implemented through a series of
voluntarily attended workshops. This extensive series was
advertised throughout the university and local schools.
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Benefits to both university faculty and schools in the area
were documented at the end of the project. The results
included future changes that will be of value to this project
in the future and to other institutions wanting to make
efforts in this direction.

The need for support for faculty in the School of
Education was recognized earlier at Iowa State than at many
other institutions. Thompson and Schmidt focus on one
component in the third year of a planned program for
faculty development. This paper describes a series of
computer-related technology experiences in foundations,
methods and field experience classes. The results of their
approach shows that technology has become an important
tool for the teacher education faculty for both personal and
instructional use.

Conclusion
Each of the papers in this section reaffirms that we are

all in this effort together but there are many different
approaches to help us attain our shared goals. Factors
important in effective professional development programs
have been considered by those who designed the projects
and noted by the authors of the papers. Duttweiler (1989)
lists context, administrative support, opportunity for choice,
content and training design as keys to success. As :he
reader will see the importance of each of these elements
emerges in the twelve papers. Further, the importance of
collegial working relationships between faculty members in
professional development (Bas-Isaac, 1992) has also been
considered and included in several of the projects described
in this section. Clearly time is an issue to be considered for
successful implementation of a technology project. The
Iowa State and the University of Central Florida projects
demonstrate the importance of on-going, sustained imple-
mentation plans. Keeping in mind that change is a process
not an event will make it easier for us to maintain the
patience needed to prepare educators in all settings to use
technology as meaningful instructional tool.
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Many schools, school districts, state departments of
education, and colleges of education are all nying to do
more "technology" (more teaching about technology and
more teaching with technology) with limited resources.
Software producers and hardware vendors are fmding it
difficult to meet the demand by educators for training,
information, and product support. A cooperative model has
evolved in Florida at the University of Central Florida
which benefits Florida educators and all partners, and which
we feel is replicable and worthy of consideration.

The Instructional Technology Resource
Center

The Instructional Technology Resource Center (ITRC),
now beginning its 13th year of operation, is the result of a
unique partnership between the Florida Department of
Education, Florida public school districts, UCFs College of
Education, and a number of business partners. The partner-
ship has resulted in benefits to all, and all partners are
responsible for the support and maintenance of the Center.

The mission of the Instructional Technology Resource
Center is to support school improvement efforts related to
technology and to support current state technology initia-
tives. The mission is carried out through a variety of
resources and services which are available for both
preservice and inservice teachers as a result of the partner-
ships.

Resources and services
Thirteen years ago, the initial focus of the ITRC was to

provide information about computer literacy to Florida
educators. The ITRC staff, , involved in helping to define
Florida's student minimum performance standards for
computer literacy, supported teachers who were helping
students achieve the standards through a series of brochures,
The Parent and the Public Series. These brochures
included such topics as What is computer literacy?, How
can the computer help my child in math?, Does my child
need a computer at home?, Where can Ifind good software
for my child? and more. The ITRC also produced a
videotape acquainting Florida educators with the minimum
performance standards and provided instructional materials
for the student minimum performance standards to every
school.

Publications
Since the beginning of the ITRC, a quarterly newsletter

has been published. Originally, the Printout was mailed
only to district technology contacts. Recently, the title was
changed to Connections, and is currently mailed to each
contact, to each Florida school, and to a mailing list of over
3000. The content has changed from providing information
about the ITRC and its activities to including information on
topics of current interest. Two regular columns now appear,
one authored by Dr. Fred D'Ignazio, a consultant to the
ITRC, on multimedia, and the other by Eileen Pracek,
Director of the Florida Diagnostic and Learning Resources
Services Technology Project, on instructional technologies
appropriate for different learning modalities. The newsletter
announces new products from business partners, upcoming
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ITRC events, and other news of interest to Florida educa-
tors.

Other regular publications include Innovations and
Innovators, a newsletter by and about Florida's Model
Technology Schools (MTS). The quarttrly publication,
mailed to every Florida school, highlights successful
programs in the MTS, generally concentrating on a topic of
interest such as retrofitting, videodiscs in instruction, or
accountability. Through this publication the five MTS
facilitators sl ire information about their own experiences
and what they have learned with other Florida educators. In
addition, the ITRC publishes the annual Model Schoots
Report, a status report on the MTS goals and accomplish-
ments for distribution by the MTS schools.

A spin-off of the Connections newsletter, Connections
Live! first appeared in schools in fall of 1993. A quarterly
video news magazine, Connections Live! is a fast-paced
program which features Florida teachers and students who
are teaching and learning with technology. The 30-minute
show, hosted by Florida's Teacher of the Yar, is uplinked
to Florida schools and school districts. The program is
followed by a one-hour period during which Florida
educators can call a toll free number and speak to the
teachers and students featured on the program. Connections
Live! may be taped and distributed throughout the state via
satellite, cable, microwave, or videotape.

An annual publication, The Great Florida Educational
Technology Catalog, is produced by ITRC staff for distribu-
tion at the Florida Educational Technology Conference.
The Catalog is probably the most comprehensive compen-
dium of information about Florida's instructional technol-
ogy-related initiatives. Short articles describe current
projects and list contact names for each project. The
Catalog also lists district contacts and phone numbers for
instructional technology, management information services,
instructional television, and educational media. FDOE
contacts related to technology are also provided. Each
school district is surveyed regarding the status of technology
in the district, as is each community college and college of
education in the state university system. The results are
reported on a grid which allows districts quick access to
information. Two other popular features of The Great
Florida Educational Technology Catalog are "Florida Says"
and "Art Contest Winners." "Florida Says" provides the
results of a survey of Florida's technology using educators
which asks them to respond to categories such as "programs
you couldn't live without," "best speaker at a technology
conference," "best uses for old hardware," and "things you
would like to tell the legislature about technology." The
section of the catalog on "Art Contest Winners" reproduces
grade level winners in the Center's annual art contest.
Students are encouraged to participate in depicting technol-
ogy through computer-generated art or through traditional
media. The grand prize winner's artwork is featured each
year on the official poster of the Florida Educational
Technology Conference (FETC). Business partners may
cosponsor the event, and the winner's school receives a
prize and the student receives a trophy and recognition. An
autographing party at (FETC) has become a popular event.

The ITRC provides resources for training educators
about technology. For example, Training Wheels, a packet
of resources for teaching about videodisc technology, has
been one of the Center's most popular products. Training
Wheels is a compilation of activities and resources the ITRC
staff have found useful in training teachers to use videodisc
technology, both Level 1 and Level 3. Training Wheels
includes outlines for workshops of varying lengthsfrom
two full days to half a day to no time for a workshop
along with materials needed to conduct those workshops.
Print resources include brochures, overhead transparency
masters, an issue of the Printout which can be used as a
basic text, ideas for using barcodes with videodiscs in the
classroom, outlines, descriptions of disk files, and directions
for all activities. Non-print (disk) resources are available for
MS-DOS, Macintosh, and Apple Elgs and include a tutorial,
a presentation stack, templates, and a barcode generation
program. All materials can be reproduced for educational
use. Training Wheels is available at no cost to educators;
however, the ITRC does request two blank 3.5" diskettes to
help defray the cost of the package.

Technology support for educators
Other ongoing activities of the Center include a toll-free

"hot line." An 800 number (Florida only) was installed
several years ago to support a state initiative which provided
a videodisc player for every public school in the state. The
toll-free number was used to ask questions of ITRC staff
about any difficulties they had in using their players. The
800 service is very popular with Florida educators and has
proved to be one of the most cost-effective services we
offer. Voice mail has been added so that educators can
leave a message virtually 24-hours a day. A member of the
staff returns the call as soon as possible and provides the
needed information or refers the caller to another source.

A preview and evaluation center has been established at
UCF for public school educators. Teachers can come to the
ITRC to preview hardware and software including CD-
ROM and videodiscs. Cd-rom and videodisc programs can
also be checked out for one week to preview in the class-
room with students. The programs can be mailed to
schools; the school must provide return postage. It is not
unusual for educators to request that several multimedia
encyclopedias be set up side-by-side for comparison, for
example, or to request to see two other similar products for
their own evaluation.

During the last year, the university made available to the
ITRC a 2000+ square foot fazility for preview and training.
The space was remodeled to accommodate technology and
training. Teachers call for an appointment to visit the ITRC
for preview, and staff is available to assist them in loading
software or operating equipment. Many schools have
released teams of teachers for a day or half-day periods to
come to the ITRC for preview.

The MMTRDC
Currently known as the UCF/DOE Multimedia

Training, Research and Development Center (MMTRDC),
the space is equipped with a wide variety of equipment for
multimedia products and development. Both low-end and
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high-end equipment is available, including scanners,
digitizers, color printers, sound and image libraries, video
and audio capture devices and more. All equipment and
software was provided by business partners. The facility is
used by the ITRC to train teachers in basic and advanced
multimedia as well as in a variety of business partner
products appropriate to education. Our business partners
use the facility for training of teachers, administrators and
staff. UCF College of Education faculty may also schedule
the facility and its resources, including staff if necessary,
and College of Education faculty and full-time graduate
students can attend MMTRDC workshops free-of-charge on
a space available basis. Currently workshops are scheduled
in basic multimedia, advanced multimedia, Microsoft
Works, Microsoft PowerPoint, and HyperStudio. Product
preview days are scheduled for many business partners
including MECC, Broderbund, Microsoft, and others.

The facility is also used for teleconferences, "teleshops,"
and "telecourses." The facility is wired for two-way video
and with two telephone lines. A technology course featur-
ing U. S. Teacher of the Year, Floridian Tracey Bailey, and
Dr. Fred D'Ignazio is currently in the planning phase and is
expected to be delivered via satellite in the spring of 1994.
In the fall of 1994, "teleshops" will be uplinked to Florida
subject area conferences around the state from the
MMTRDC. Most conferences, such as social studies,
science, math, and Enelish, are scheduled on the same days
in the state; the MMTRDC facilities will allow us to present
sessions at each conference without leaving the facility. In
addition, a number of seminars featuring Florida educators
who have successfully used technology, are planned. These
may be uplinked as well.

The focus for the immediate future is on training, since
that is the area of greatest need. However, it is anticipated
that the MMTRDC will also be used for research and
development in the near future. Several projects in each
category are already underway. Two doctoral dissertations
have been completed using the resources of the MMTRDC,
and several products are under development by UCF faculty
and students.

The TechTeam
The ITRC staff was expanded during the last two years

to provide "grass root" support for teachen who are trying
to integrate technology into their own curricula. A team of
six teachers who had successfully integrated technology into
their own classrooms, the Florida TechTeam, were hired last
year and strategically placed throughout the state to provide
school-based support for technology. Their activities are
coordinated through the ITRC, but they remain based in a
school district or university and communicate via FIRN.
TechTeam members may provide inservice training for
large or small groups of educators. They may teach
demonstration lessons or work one-on-one with another
teacher. They may provide any kind of service which
supports technology in a school; however, no one can be
required to attend a TechTeam member's sessions. Teach-
ers must attend voluntarily. The team expanded to eight this
year. A ninth member with skills in exceptional education

and assistive and adaptive devices was hired as a resource to
the team of eight. In addition, four similar staff members
have been hired by educational consortia in the state to
provide additional support. This has been a very successful
initiative.

The partners
The project partners provide critical resources and input

to the Center, and the Center could no longer function
without the cooperation of all four partners. All partners
receive benefits as well. A memorandum of understanding
exists between the Center and the Florida Department of
Education as well as with each business partner (See Figure
1).

Florida Department of Education
Funding for staff, travel, supplies, printing, postage and

general administration is provided by the Florida Depart-
ment of Education (FDOE). Four separate divisions are
directly involved in funding: The Bureau of Educational
Technology (BET), Florida Information Resource Network
(F1RN), Florida Remote Learning Services (FLRS) , and the
Bureau of Exceptional Education Services (BEES). The
Division of Public Schools (DPS) provides funding for an
additional technology-based project housed within the
Center.

BET is the division which directly supervises the project
and is central to all state technology initiatives as well.
Current initiatives include retrofitting, software acquisition,
product co-development with a number of companies,
school improvement initiatives, and the Florida Educational
Technology Conference.

FIRN is the statewide information network which
provides free electronic mail to all Florida teachers, data
transfer between school districts and the FDOE, transcript
delivery from school districts to state community colleges
and universities, internet access, technical support and
training, and more. FLRS is a new office which is designed
to promote and enhance distance learning activities in
Florida. BEES provides services for all exceptional students
through a statewide network, specialized centers, and
technology initiatives.

The Florida Department of Education provides thf focus
and direction for the Center and its activities. As seen from
the activities described above, the focus has changed and
broadened over the years, as the needs of Florida educators
have changed. In return, the Department receives extra
hands to carry out its work. The ITRC has produced
research reports and literature reviews for the DOE upon
request. In addition, the ITRC publishes articles in national
and state journals and presents papers and workshops at
state, regional, national and international conferences,
promoting state technology initiatives and the activities of
the Center and, hopefully, enhancing the image of the state.

Schools and school districts
The 67 Florida school district instructional technology

contacts (one per school district) are the primary contacts
for the Center. A subgroup of these contacts, along with
representatives of several business partners, comprise the
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providesfinancial support
for staff, supplies, printing,
postage, and administrative
functions, sets direction

receivessuppo
for state
technology
initiatives and
school
improvement
efforts, recognition
through products,
publications and
presentations, extra
hands for
information
gathering and
dissemination

proviciedirection and teedback,
information, trainees, research an
development assistance, financia
support

Florida School
and School

Districts

receive
products and
services of
Center, extra
hands for
information
gathering and
dissemination
and training,
support for
school
improvement and
technology
teams

Instructional
Technology
Resource

provideequipment and/or
software, expertise, information,
training

r ec ei v eexposure, extended
opportunities for training and
information, formative and
summative evaluations of
products, training
opportunities, access to facility
and expertise

p rovidesspace, utilities,
recognition for activities,
content area expertise, resear
opportunities and assistance,
graduate and undergraduate
students for staffing

receive access to up-to-date
facility including equipment and
software, training for faculty and
students, staff support,
recognition through service,
products and publications,
attracting faculty and
graduate students

Figure 1 . Cooperative model for extending resources and
services to Florida educators.
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Center's advisory board which provides input on products
and services, evaluates the Center's progress, and assists the
DOE in determining activities of the Center. Districts
provide time for contacts to work with the Center. All
district contacts are surveyed annually by the Center for a
status report on technology in their districts. The report is
published and issued to all technology contacts, district
superintendents, and others interested in technology
initiatives in Florida. School district contacts receive all
products of the Center and the right to reproduce them in
total or in pan as appropriate for their disticts.

District contacts are also valuable sources of information
for the ITRC staff. Frequently calls to the 800 number
relate specifically to district initiatives, and only contacts
can provide the necessary information. District contacts are
also supportive in working with business partners. Many
new business partners have been referred to us by district
contacts who value the work of the ITRC, and business
partners often report that a school or district has made a
purchase because of seeing the product or using it at the
ITRC.

Florida schools provide release time for teachers to visit
the ITRC, and they provide funding for fee-based work-
shops help at the ITRC/MMTRDC from school improve-
ment or technology funds. These funds are used to support
student staff at the ITRC.

Business partners
Business partners provide hardware and software for the

Center's use in training and for the preview and evaluation
center. To date, over twenty business partners are partici-
pating including Apple, IBM/Eduquest, Roger Wagner
Publications, Microsoft, Bell South, Optical Data, Para-
mount Publishing, BFA, MECC, Pioneer, Synsor,
Davidson, Broderbund, Wings for Learning/Sunburst, and
others. In return, the partners receive products and services.
Pioneer, for example, is distributing components of
Training Wheels in their own training for educators.
Several companies have received written and comprehen-
sive formative evaluation reports on the alpha and beta
versions of new products.

Partners may also use the facility for training. Several
companies conduct training with their products for educa-
tors; other companies have used the facilities to train their
own sales staff and to introduce them to new products.
Most business partners report that having access to a large,
well-equipped facility is one of the most positive benefits of
the relationship.

University of Central Florida
The University of Central Florida, specifically the

College of Education, provides space for the facility and
staff. This is no small contribution since the scarcity of
space on this campus is one of the most serious problems; in
fact, a movie theater complex in a shopping center adjacent
to UCF is used for classes each morning as are several local
schools in the late afternoon and evening. In addition, UCF
provides access to students for research and for student
staffing. Faculty expertise in the content areas of education
(social studies education, English education, science

education, etc.) as well as in instructional design, instruc-
tional technology, school law, and educational research is
readily available. Expertise is also available in related areas
such as software and hardware design, computer science,
engineering, and business from faculty and graduate
students in other colleges. The reputation of UCF, its
central location in the state, its proximity to a major airport
and world famous area attractions draws students, faculty,
and business partners alike.

In return, the college and university have access to the
facility and to TIRC staff. Training opportunities are
available for both faculty and students. Business partners
are asked to reserve a slot in their training sessions for an
interested UCF faculty member, and they have honored this
request. ITRC staff are also available to consult with
college faculty and to conduct training for students in their
methods classes. In fact, one TechTeam member is
assigned that responsibility on a half-time basis, with half of
his salary provided by the college. Finally, the UCF
College of Education, largely because of the existence of the
ITRC and its activities and products, has earned a reputation
throughout the state and beyond as a leader in instructional
technology.

Sul-MOW
This paper has presented one innovative approach to

providing more resources, more support, and more training
for technology initiatives, that of partnerships. It is an
approach which continues to serve all partners well, and one
which is worthy of examination in other settings. Similar
projects are underway at Pepperdine and Michigan State
University and are based on the UCF project. We would
strongly encourage other states to consider the benefits of
such a project.

Donna Baumbach is Professor of Education and Director of
the Instructional Technology Resource Center at the
University of Central.Florida in Orlando, FL 32816
e-mail: BAUMBACH@UCFIVM.EDU

Mary Bird is Associate Director of the ITRC and has
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Instruction at UCF.
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D.J.L. Venter
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In this paper, the term "educational
computing" is used as an all-inclusive
and neutral concept, embracing all the
modes of computer use in schools
(didactic as well as administrative).

Few South African teachers have adequate skills in
educational computing and a massive training effort in this
field is needed. The Educational Renewal Strategy (ERS)
(Department of National Education, 1992) and the National
Education Policy Investigation (NEPI) (National Education
Co-ordinating Committee, 1993) stress the need for teachers
to be educated in the educational applications of information
technology, although they are not very specific about
details. These applications will help in restructuring the
South African education system in order to correct past
imbalances. This central or regional planning theme is
explored by Bean (1994) in his paper "Computers in South
African schools: Quo vadis?"

In-service training of teachers in educational computing
is an important aspect of an enhancement program. This
can be by means of a formal program of study, like the part-
time Further Diploma in Education in Educational Comput-
ing offered at the University of Port Elizabeth (UPE). This
particular program, its significance and its future is dis-
cussed by Bean and Cowley (1994) in their paper "Prepar-
ing educationally computer literate educators for the "new
South Africa."

An alternative means of in-service training is that
provided by educational authorities. An example of this is
the joint educational computing project being undertaken by
the four South African provincial education departments,
Computers in Schools and Colleges (CISC). A project
developed by the Cape Education Department. This project
and its future under a government of national unity are
discussed by Assheton-Smith (1994) in his paper "Getting
computers into the classroom a South African perspec-
tive."

An additional way of providing in-service training and
educational research opportunities to teachers can be by
involving them in a schools outreach program. This is
starting to happen at UPE as a side effect of the UPE-
Enthabeni mathematics project.

The UPE-Ethembeni Mathematics Project
Ethembeni Enrichment Centre in Port Elizabeth

provides after-hours supplementary education in mathemat-
ics, physical science, biology and English for disadvantaged
(but highly motivated) high school students. At present all
of these students are Black. Students in standards 6 to 10
(8th to 12th grade) enroll for seven week long courses, each
of which deals with one of the above-mentioned subjects.
Enrollment is voluntary and the students pay tuition,
although most of the operating funds for the Centre come
from don ors. From 150 to 300 students may enroll in any
course. Courses are taught by outstanding teachers drawn
from local schools. Ethembeni means "place of hope" and
it has become a place of hope for many young people
hungry for a good education.
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Unfortunately, there are considerably more applicants
for the courses than there are places for students. For this
reason, Centre management became interested in the
possibility of using computer assisted learning (CAL) to
provide more effective education to larger numbers of
students. Their initial rationale for wanting to use informa-
tion technology was thus a pedagogical one (Hawkridge,
Jaworski and McMahon, 1990).

The trustees of Ethembeni approached the UPE
Department of Computer Science for help. A team made up
of members of the Departments of Computer Science and
Mathematics, and the Computer Centre, was formed to
assist Ethembeni in selecting suitable CAL software, as well
as providing advice on the practical implementation and
management of CAL-based education.

Students from disadvantaged communities struggle
with science and mathematics in high school. Thus a
relatively small percentage of them take these subjects and
pass examinations in them. Science and mathematics are
prerequisites not only for tertiary education in science and
commerce, but also for many technical fields. Because of
the importance of mathematics and the mathematical
background of the team members, the team decided, in
consultation with Ethembeni, to study the effectiveness of
CAL in improving mathematics knowledge and skills in
Standard 9 (11th grade) students over a seven-week period.

Two experimental groups of students from Ethembeni
were transported to UPE's Surnmerstrand campus by bus
once a week each for a 3-hour laboratory session. One
group came on Friday afternoon and the other group on
Saturday morning. These were times when the laboratory
facilities were unused. Each group used a different CAL
system for their mathematics lessons. These lessons
supplemented the coaching sessions in which they partici-
pated at the Centre.

The team compared the progress of these students with
a control group who attended the coaching sessions, but did
not have access to the CAL lessons. The groups were
selected by stratified sampling (Gay, 1976) and were
statistically equivalent. None of the students in the popula-
tion were computer-literate. The most that some of them
had done was play video games in an amusement arcade.

Teacher Involvement in the Project
During the study, a few teachers from Ethembeni and

other schools became involved in the project as volunteers
during CAL sessions. They were trained by the UPE team
as supervisors of the CAL systems "on the job" and were
considerably impressed by the educational possibilities of
the system and the positive attitudes of the smients towards
CAL. One of them become so interested that he intends
starting a Ph.D. in CAL-based mathematics education at
UPE in 1994. Although the number of teachers who came
was few, it was clear that here was an opportunity to add the
catalytic rationale for computer use (at least partially) to the
initial pedagogical rationale (Hawkridge, Jaworski and
McMahon, 1990). This could only happen if the working
relationship between UPE and Enthabeni was strengthened
and given some permanency. A comprehensive plan for

future co-operation was needed.

A Plan for the Future
Ethembeni and the UPE team met at the end of the

seven-week period to discuss the qualitative and quantitative
findings of the project. The results of the study showed that
the use of CAL in addition to group classes significantly
improved the mathematical competence and motivation of
the students. CAL is clearly a viable option for Ethembeni
and at the time of writing they are setting up the first
computer laboratories for mathematics CAL, and CAL in
the other subjects that they teach. The UPE team is
supporting them in this with advice and technical help.

In addition, it was decided to continue the CAL project
as a small schools outreach program for the rest of 1993.
An additional class was scheduled for Saturday afternoons.
The outreach program was a success and, according to
feedback received from Ethembeni, the final marks of
several students who were consistently poor at mathematics
showed a dramatic improvement.

UPE also proposed to Ethembeni that the pilot outreach
program be expanded into a full-blown schools outreach
program, based initially on mathematics CAL during 1994.
Enthabeni, with its excellent credibility in, and communica-
tion channels to, schools and organizations in the disadvan-
taged communities, would act as the interface between UPE
and these communities. The computer facilities of the
Department of Computer Science (160 microcomputers),
which are not used over weekends and academic holidays,
could be employed for additional CAL and basic computer
literacy training for students from Ethembeni and similar
organizations. This would strengthen the good work being
done by these organizations to raise the general level of
scientific literacy in this important group of highly moti-
vated students.

The Ethembeni representatives were very happy with
this plan and agreed to continue to work with UPE for the
benefit of both institutions, and, especially, for the benefit of
the Ethembeni students.

The Place of Teachers in the Plan
Teachers became involved in this plan in two ways.

Teachers from schools in disadvantaged communities would
be invited and encouraged to act as supervisors and
assistants in the computing sessions, thus giving them an
opportunity to observe how information technology can
assist them in teaching more effectively and gain practical
experience of this an actualization of the pedagogic and
the catalytic rationale. It is to be hoped that once these
teachers start to become educationally computer litmate,
they would become part of a training cascade, or network, in
schools in the disadvantaged communities (Hawkridge and
Macmahon, 1992). This poses great challenges, because
knowledge of computing and the availability of hardware
and software in these schools is virtually nonexistent.

Once the programme is running, it would inevitably be
an ongoing source of research projects on the use of
computers in mathematics and science education. The
active involvement of inservice educators from disadvan-
taged communities in this research would improve not only
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their research expertise, but could also be used to improve
their academic qualifications. To this end, we are currently
designing the first of a family of inter-disciplinary degrees,
which will be presented jointly by the Department of
Computer Science and the Faculty of Education.

The Future and the Plan
We have applied for substantial funding for the plan

from a major South African research _supporting organiza-
tion and hope to hear the results of our application in
January of 1994. The degree to which the plan can be
realized in practice will depend on a number of factors, one
of which is the amount of funds that become available. But
we are hopeful and positive, and we intend educational
enhancement for both students and teachers to be an
essential part of our outreach programme in the future.
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-

This paper will summarize issues that have implications
for teacher education and staff development. The research
and demonstration project was called Learning To Learn
Through Technology (LTL Project). It provided an
opportunity in two schools for selected students and
teachers to be involved in a project that introduced com-
puter-based, multimedia technology. It was hoped that the
technology would promote independent problem-solving
and more meaningful learning among students. It was
predicted that students and teachers, when supported by
training and a trellis of sophisticated technology, could
become more self-regulated and more quality-conscious
learners. Students were to design and develop projects and
exhibitions that would show their reasoning and problem-
solving skills in the form of multimedia presentations.

The students who were enrolled for one semester in a
required, core course (science, social science, mathematics
or language arts) were also enrolled in an "Independent
Project" course in place of or as part of a scheduled elective
course. It was anticipated that this scenario would contrib-
ute to each school's overall understanding of restructuring
and its implications for day-to-day operations.

Teacher education and staff
development needs

Teacher education and staff development needs will be
framed in terms of three primary categories of need: (a)
knowledge about technologytechnological literacy; (b)
ability to work with other teachers as a teamcooperation
and collaboration; and (c) ability to focus on learning when
working with studentslearning-centeredness. Essentially,
the behavior of the involved adults and youngsters revealed
the way people in schools perceive their respective roles
relative to one or more of three key components of an
instructional program. The key components of schooling
used to specify role behavior were: (a) operations and
management, (b) classroom instruction, and (c) the formal
curriculum.

The purpose of the LTL Project
The purpose was to promote problem-solving and

meaningful learning for students in a technologically-
determined fnmework that allows students to learn to
operate as self-regulated and risk-taking learners.

Implementation Guidelines and
Commitments
Planning, Support and Conduct of Student
Projects

Students, as part of an independent-study course, guided
by a core-siAbject (required academic course) teacher and a
site coordinator/teacher, were asked to identify a local
phenomenon that has been affected or is being affected by
the changing social and physical environment (Nachtigal et
al., 1988). These students would plan and conduct an
experiment or investigation related to the phenomenon and
report their conclusions using high quality, computer-based,
multimedia technology. Students' conclusions, expressed in
multimedia presentations supported by well reasoned
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arguments, would be given before a panel of local commu-
nity members.

Learning environment, participation, and
access to workstations

Students were expected to participate in the project for
18 weeks (one semester). With the consent of the core-
course teacher, participating students were to be excused
from regular attendance in the required, core course to work
on their "independent" research projects effectively
giving students up to two hours to work on their project on
days approved by their core teachers. It was agreed that
pairs or small groups of students would work together when
at all possible, especially when enrolled in the same
required, core course.

The multimedia work stations, provided by McREL,
were to be made available for use by small teams of
students as much as possible throughout the school day.
The research sites were asked to create a learning environ-
ment where real-world events, objects and situations are
examined using real-world tools, materials, and technology
to produce quality exhibitions/presentations. (Parker, 1991;
Wiggins, 1989; Resnick, 1989; SCANS Report, 1991;
Marzano, et al., 1992). In addition, in an effort to ensure a
focus on learning and the learner, sites were asked to create
situations that would help youngsters become independent,
self-regulated learners (McCombs, 1992).

Technical assistance, evaluation, and hardware
and software maintenance

McREL provided two multimedia work stations for each
site for one semester. Each work station included: a
Macintosh ilci with 20 MB of RAM, a 120 MB hard drive,
an in/out video card, an audio recording device and a S-
VHS VCR. Other equipment "shared" at the two work
stations included: a CD-ROM player, a scanner, a laser-disk
player, a removable cartridge drive, and a color monitor.
Each work station was supplied with a broad range of
multimedia and presentation software. In addition, students
were provided with 2 S-VHS camcorders, lighting equip-
ment, microphones and a modem (sites were asked to
provide a dedicated line for the modem). The site school
districts agreed to maintain the equipment in a safe place
and insure it as if it were their own, and return it to McREL
in good condition at the end of the LTL Project.

McREL agreed to provide project design support and
technical training for the site coordinator/teachers and two
students from each site. The basic technical assistance and
training on the hardware and software was provided by an
experienced teacher and multimedia software developer.
The technical assistance and training included an initial
design and training session for four days the summer
preceding the beginning of the project at the first site, and
three days at the end of the first semester of the project, and
technical assistance at anytime by phone during the project.

The L.n. Project evaluation was based on the final
projects/exhibitions developed by the students, student and
teacher journals, interviews and observations conducted by
the McREL coordinators, and a survey administered on a
pre-post basis. The survey consisted of a set of subscales

taken from previously-developed instruments, and was
designed to measure motivation, self-regulation, academic
engagement and interest.

Observations and Comments
Planning, supervision, support and conduct of
student projects

Neither site could fully accommodate these guidelines
and commitments. Support and assistance from core-course
teachers was weak at best, and the management and
operations of the schools were virtually inflexible. What
success students and teachers experienced resulted from
their personal commitment of time and energy. This is
especially true in the case of Victoria where a strong work
ethic seems to operate.

In Victoria, even with the coordinator/teacher's dedi-
cated and conscientious work, only one "core" teacher (a
social studies teacher whose son was involved in the
project) could be recruited to assist with the planning and
development of student projects. Later, the school counse-
lor and the librarian agreed to assist with another of the
initial five projects students had decided to pursue. These
two multimedia projects were the only student projects
completed at either site during the Ln, Project. Even
though the participation by the collaborating teachers at
Victoria was limited the social studies teacher providing
the most assistance by helping students identify resources
and agreeing to be interviewed on camera for a
QuickTimen4 movie it seems to have been critical in
determining if a student project was to be successful or not.

In Vandyke, students who enrolled in a combination
speech/geography course were initially taking part in the
um Project. However, their teacher, who was also one of
the two Ln. Project coordinator/teachers and the only
"core" teacher willing to assist, withdrew from the project at
the end of nine weeks taking his core-course students with
him. This left the entire um Project in the hands of the
remaining un. Project coordinator/teacher with no
assistance from any professional staff members. None of
the five student projects begun at the Vandyke site were
completed.

Neither site allowed much additional time for the
coordinator/teachers to facilitate and mediate the Lit
Project in their schools. In retrospect, it probably would
have been helpful if a stipend or substitute pay, equivalent
to 1/8-time, had been built into the project plan. This might
have given more flexibility to the involved teachers and
their administrators.

Learning environment, participation, research
and access to workstations

At the Victoria site, the equipment was set up in the
classroom of the coordinator/teacher who was also a
business and computing teacher. This made accessibility a
problem, because the classroom was in use for scheduled
classes most of the day. However, this had little impact on
the outcomes of the un. Project because students were not
released from their core-courses to work on their indepen-
dent projects.
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By her own admission, the site coordinator/teacher in
Victoria, struggled with the issue of how to provide the
authentic, learning-centered environment. She found it hard
to keep from directing the process through the small,
sequential steps she had traditionally used in her business
computing courses. With some help from the school's
counselor and librarian and by changing her expectations
she was able to give her students a great deal more responsi-
bility for their own learning. She became an enthusiastic
supporter of her students' independent learning efforts.
When asked what she would tell others who are interested in
teaching a "project-type" class, she replied:
I would tell them that you have to come cnvay from just
being the traditional teacher...(you can't) come in each day
and expect the kids to be on task..you have to let them (the
kids) take a lot more responsibility...you have to be really
flexible and be willing to work differently with different kids
in the same group.

In contrast, in Vandyke no one took responsibility for
seeing that the workstations were available in any meaning-
ful way until midway through the semester. At that point
one of the coordinator/teachers dropped out of the project
and so, by default, the equipment was moved to the
vocational agriculture (vo-ag) building, just behind the
school. Until that time the equipment had been in the
library, "on display." When researchers arrived for their
first site visit, the workstations were set up in the library,
visible from most vantage points, with a big banner hung
above them that read, 'The McREL Learning to Learn
Through TechnolLgy Project." Students were invited to
stop by and "experiment" with the hardware and software
with little or no guidance or supervision. When the
equipment was moved to the vo-ag building, distancing it
from most of the classroorns by hundreds of feet, access was
difficult for many students. The location of the equipment
went from a totally open-access situation to a limited-access
situation. Six weeks into the 18 week period, no student-
project topics had been confirmed, except for the projects
selected by the students who had attended the pre-project
training sessions. In terms of creating a learner-centered
environment, other than the initial freedom to explore the
equipment in the library, there did not seem to be any real
efforts by the adults in the school to do anything differently.

Technical assistance, evaluation, and hardware
and software maintenance

The design and training sessions were attended by the
multimedia specialist/trainer, the McREL project coordina-
tors, and the site coordinators and at least two students from
each site. The work sessions seemed to go well, with the
youngsters quickly becoming the "top students in the class."
At the end of the first design/training session the partici-
pants from the sites reported that they were quite enthusias-
tic about the potential of the project, but were split on where
they thought they would have difficulty. The adults
generally thought that they needed more work with the
equipment and software. The students, while they were not
overly confident about using the technology, felt they would
have more difficulty explaining the purpose of the project to

others than they would in mastering the technology.
The second design/training session was attended by two

additional teachers and two additional students from
Vandyke. It turned out to be a "trouble shooting" session,
with the project technical specialist spending a great deal of
time assisting students from Victoria as they put the
finishing touches on the two projects they completed.

As the LTL Project unfolded at Victoria the McREL
researchers realized that the support from core teachers and
administrators was not nearly as strong as they had hoped.
Determined to increase the level of on-site support at
Vandyke, McREL's researchers arranged to meet with the
faculty and administration in early December. At this
meeting they hoped to raise the level of awareness and to
appeal for participation. In another attempt to ensure that
the project was truly a demonstration; McREL's researchers
arranged for two additional training sessions in Vandyke.
One of the additional training sessions was conducted about
four weeks into the project by two teachers who had, for the
past three years, successfully used a multimedia-project
approach in their classes. Approximately 75% of the
school's teachers and student population participated in a
demonstration portion of the session, which was well
organized. But, the work-session portion, reserved for the
LTL Project participants, was poorly organized and poorly
attended no special schedule releasing the site coordina-
tor/teachers and the students was arranged. The second,
additional training session conducted at Vandyke was
poorly attended, even though the session had been sched-
uled for several weeks.

Both Victoria and Vandyke took good care of the
equipment. No equipment was damaged, lost or seriously
misused during the LTL Project. At Victoria, the site
coordinator/teacher integrated the workstations with the
network of computers in her lab when feasible and when
software licensing permitted. Both schools arranged the
equipment in configurations that seemed to facilitate
effective use of all of the work-station peripherals. How-
ever, in terms of supervision and mediation of the skillful
use of the technology, Victoria, where the um Project had
been centered in a regularly scheduled elective course,
provided a near optimal situation. In Vandyke, where the
Lit Project seemed to "float," r.ot anchored to any
regularly scheduled class, minor misuse of the equipment
e.g., excessive game playingwas reported and observed.

While the configurations of the work stations seemed to
be effective at both sites, there is some question in the minds
of the researchers as to the aztual, useful operation of the
equipment. For example, it was at least six weeks into the
project at the first site, Victoria, before the McREL coordi-
nators were told that the color monitor did not workit had
been severely damaged during assembly or shipping. And,
it was not until the second design/training session in January
that it was discovered that one of the VCRs was not
working properly. In Vandyke, six weeks into the semester,
the site coordinator revealed that he could not get the CD-
ROM player to operate properly. One of the work station
video in/out cards, later to be found to work perfectly, was
never successfully used by participants at either site.
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Recommendations
All of the primary components of schooling opera-

tions and management, classroom instruction and the formal
curriculumare inextricably connected and interrelated. If
people are to succeed in making changes in any one of the
primary components, there will have to be adjustments
made in the other two. Therefore, the comments that
follow, which have been organized by components, can not
be read as if they apply to only one element.

Operations and Management
Recommendations

In light of the structural rigidity demonstrated at both
sites in terms of scheduling and academic .flexibility,
teachers desperately need education and training in the
philosophical and political nature of schools and the related
skills needed to become advocates for the changes they
believe in. To prepare them solely for positions in the social
technology of the industrial era, for institutions fashioned
after the factory model, is to do them a disservice. Even
though there were people in Victoria and Vandyke that
believed the goals of the LIL Project were important in the
educative process, there was no evidence in Victoria or
Vandyke that teachers and administrators had thought
critically about what it meant to restructure for the purpose
of implementing those goals.

Instructional Program Recommendations
Perhaps the most glaring need that surfaced during the

un, Project concerns the apparent difficulty in collaborat-
ing across subject matter or discipline lines. Our assump-
tion that technology would be a "natural" way to demon-
strate collaboration and integration c,f conceptual and
procedural knowledge at the two sites was misguided. The
lack of interest in integrating technology shown by core,
academic teachers was surprising, and leads to the next
identified need: more comprehensive technological literacy
among teachers. In both Victoria and Vandyke the level of
knowledge regarding technology seemed extremely low,
even among vocational and business teachers. As Seymour
Papert (1993) has recently noted regarding the general level
of knowledge teachers have of technology, "Someone who
had so minimal a level of knowledge of reading, writing,
and literature would be called illiterate...." Those who have
promoted minimal literacy in technology for the past decade
or so, and who have been the most influential in teacher
education, have not fully understood how important and
powerful technological mediums have become (Ellul, 1990;
Postman, 1992 N. Educators must expand their definition of
technological literacy. Technology has become more than a
"tool" to be picked up and used when one decides it is
needed; it has become a medium that mediates experience in
most walks of life. The consequences of technology, both
positive and negative, affect each of us more and more each
day. It must have a more prominent place in the instruc-
tional process if youngsters are to become critical stewards,
users and developers of technology. That means technology
must be integrated throughout the instructional program of
preservice and inservice teachers.

Curriculum Recommendations
The poor neglected step-sisters in the family of curricu-

lum content have been technical and procedural knowledge.
Teacher education programs and staff development efforts
will have to address this issue creatively. Subject matter by
itself does not address the issue of how we make knowledge
useful, but once people have a use for an idea or object, a
purpose, then technical and procedural knowledge can make
things happen. This means that purpose must be built into
our curriculum. As the teacher and students of Victoria
realized, when they had a clear purpose for using the
technology learning how to use it was relatively easy; and
when they realized that doing a quality project was possible
and important the subject matter was more easily mastered.

The connection among technical, procedural, and
conceptual knowledge is innate. We in education have for
too long spent a great deal of energy obscuring that connec-
tion. The purposeful use of knowledge is the essence of
technology, thus technology is the business of all disciplines
and our teacher education curriculum should reflect the
importance of that essence.
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Technology's Role in
Restructuring: A Teacher

Preparation Program

Denise Staudt
Our Lady of the Lake University

One of the critical issues facing teacher educators today
is how to restructure teacher preparation programs to meet
future technological needs of students in the nation's public
school system. One promising solution is to restructure
teacher education programs through the infusion of technol-
ogy and, at the same time, to prepare all teachers to use new
technology in their classrooms. The Texas Education
Agency (TEA) has provided the avenue in Texas for this
restructuring to take place through a model of professional
school and community partnerships linking colleges of
education, schools, and the business community. In
Restructuring the Education of Teachers for the 21 st
Century (1991) the Association of Teacher Educators makes
it clear that partnerships among the individuals and the
organizations with stakes in teacher educazion are key to
effectively restructuring and improving education.

The 72nd Texas Legislature dedicated 10 million dollars
which assisted the TEA to take a leadership role in the
restructuring process. TEA has established thirteen Texas
Centers for Professional Development and Technology to
restructure teacher education in Texas. While these center's
programs are quite diverse, they share a commitment to
collaboratively providing field-based teacher preservice
education, staff development, and teaching and learning
opportunities using state-of-the-art technology. The
expected outcomes of each center's initiative will be
successful students, life-long learners, and the integration of
technology (Texas Education Agency, 1993).

Center for Educational Development
and Excellence (CEDE)

Our Lady of the Lake University is directly involved as
a collaborative partner in the San Antonio based Center for
Educational Development and Excellence (CEDE), one of
the eight original centers established in 1991. CEDE's
mission is "to be a collaborative community, a center of
inquiry dedicated to continuous lifelong development of
teachers as learners in a culturally diverse, technology
enriched, educational environment " (San Antonio Center
for Educational Development and Excellence, 1992). This
center is unique in that it involves one public university,
four private universities, and one community college: The
University of Texas at San Antonio, Trinity University,
Incarnate Word College, Our Lady of the Lake University,
St Mary's University, and San Antonio Community
College. Six area school districts are also involved as
partners of CEDE. Region 20 Educational Service Center
and a variety of community institutions in San Antonio
completes the partnership of CEDE.

This unique partnership has collaboratively developed a
new vision for teacher education focusing on technology-
based instructional techniques to inspire teachers in the field
as well as preservice teachers to become life-long learners.
While there are many aspects of CEDE, the technological
component is a major focus. CEDE's technology goals
include developing the technical competence of members of
the collaborative and teacher education students to use
technology in everyday instruction, increasing the access to
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new instructional technology for members of the group
increasing the degree to which technology is an integral part
of instruction in teacher education programs and the school
classrooms of San Antonio and South Central Texas.
Helping teachers to use, understand, and employ technology
in their work permeates CEDE's technology infrastructure
(San Antonio Center for Educational Development and
Excellence, 1992).

The technology classroom
As a part of CEDE, Our Lady of the Lake University

has chosen to establish a state-of-the-art technology
classroom at one of its Professional Development Schools
to train its preservice teachers, university faculty, teachers
and students at the Professional Development Schools.
Davis (1993) states that "professional development is
necessary for everyone in education to keep them up to date
and to refresh their approach." Working from this premise,
the technology classroom was established, creating educa-
tional opportunities for faculty to become proficient with
technology and develop ways for the technology to perme-
ate their coursework. Preservice teachers and classroom
teachers will also have opportunities for professional
development in technology use. Berliner (1988) maintains
that continued professional development must be sustained
for teachers to develop proficiency. Through the technol-
ogy classroom, a new vision of instruction in classrooms is
emerging for our faculty and partners.

The technology classroom is dedicated to the infusion of
technology into all learning environments. At the center of
the technology classroom is a computer lab with both
Macintosh and DOS-based computers. This allows us to
meet the diverse application needs found in schools. To
maximize the use of the hardware and to meet users needs
an extensive range of software has been purchased. In
addition, a cutting edge multimedia production and demon-
stration center and fax center are a part of the technology
classroom. Telecommunications, distance learning, and
video conferencing opportunities are also available. To
support these efforts the university has employed a part-time
technology coordinator to oversee the training in the
technology classroom. Region 20 Service Center is also
providing training through CEDE for trainers of teachers
selected from mentor teachers at the Professional Deveop-
ment Schools.

Conclusion
Training is critical to the success of our efforts to

integrate technology into teaching. The delivery of new
technology in the technology classroom is taking many
formsfrom formal courses on instructional media to
workshops and individual modules on technology. Through
the technology classroom, Our Lady of the Lake University
hopes to establish new learning envirorur its which will
reflect both state-of-the-art technology and state-of-the-art
'm educational practice.

This project was funded by a grant from the Texas
Education Agency.
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Train Me Trainer : A Model
for Faculty Development

Otto E. Benavides
California State University, Fresno

Daniel W. Surry
California State University, Fresno

J u

This paper describes an innovative model for faculty
development with instructional technology at the university
level. The Train the Trainer model is currently being used
by the School of Education and Human Development at
California State University, Fresno to prepare its faculty to
make optimal use of new state-of-the-art educational facility
. The purpose of Train the Trainer is to facilitate the use of
instructional technology through the formation and develop-
ment of a core cadre of faculty members who are dedicated
to using technology in teacher education.

Inservice training with technology has been lacking in
higher education. While some faculty are making innova-
tive and effective use of emerging technologies, the majority
continue to teach the way they were taught 10, 20, or even
30 years ago. In many colleges and universities, the lecture
remains the predominate method for delivering instruction.
The majority of university teachers appear to be unwilling
or unable to incorporate instructional technologies into their
classrooms. The great potential of technology has not been
harnessed by faculty on most college campuses. McNeil
(1989) writes that technology has "not even come close to
making a difference in the lives and learning experiences of
most Americans (p. A44)." For technology to make a
difference in higher education, faculty must be made aware
of the power and potential of technology and must receive
training in the effective use of the many applications of
technology.

Overview
The need to make greater and more effective use of

technology in the classroom is present at every college and
university in the United States. In order to meet this goal,
there is a profound need for faculty development with
technology. The need for faculty development is even more
pressing at California State University, Fresno because the
faculty of the School of Education and Human Develop-.
ment will move into a new building in the Spring of 1994.
The new building was designed and equipped to harness the
potential power of instructional technology and to use that
power to improve the quality of teacher education.

The five story, 115,000 square foot facility will be a
state-of the art building for teacher education. The new
building will have computer classrooms and self-study
computer laboratories, a comprehensive technology center,
demonstration classrooms, teaching and clinical laborato-
ries, microteaching laboratories, a video production studio,
and technical support area. These spaces are integrated into
a comprehensive optical fiber, coaxial and twisted pair
network linked to the campus voice, data, and video
communication system All designated spaces in the
building will have the capability of transmitting and
receiving programs from remote sites. A teleclassroom and
two video conference rooms will be dedicated to the
delivery of distance learning programs to off-campus sites.
In an effort to prepare the faculty to make optimal use of the
advanced technology available in the new building,
inservice training with technology had to begin early.

California State University, Fresno selected Train the
Trainer as the best model for conducting faculty develop-
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Figure 1. A graphic representation of the Train the Trainer model.

ment with technology. The model (see Figure 1) calls for
the selection of a training coordinator and the development
of a small cadre of faculty members who will become the
trainers. This cadre receives training on a variety of
hardware and software platforms from either the training
coordinator or from people outside th; university. The
training cadre then conducts training for the rest of the
faculty. The roles of the training coordinator and the
training faculty are discussed in greater detail in the
following sections of this paper. Also discussed are
strategies for training faculty and the long-term goals of the
Train the Trainer model at CSU, Fresno.

The Training Coordinator
The Training Coordinator (TC) is the most important

person in the Train the Trainer model. The TC is respon-
sible for instituting the Train the Trainer model, assembling
the training cadre, conducting or arranging training ;.tssions,
and scheduling formal training sessions for the entire

faculty. The TC also serves as a liaison between the faculty,
the university, and off-campus resources such as software
and hardware vendors.

The Training Coordinator's fust responsibility is to
assemble the faculty who will become the training cadre.
The TC must be aware of the skills and experiences of the
faculty in order to identify and recruit an informed and .

representative cadre. As a result, the TC at most universities
will come from a central location such as a Dean's office or
instructional media center. At CSU, Fresno, the Director of
the School of Education's Instructional Technology &
Resource Center serves as the Training Coordinator.

The number of training cadre members will differ from
situation to situation. At CSU, Fresno, there are 10 mem-
bers of the cadre and approximately 100 faculty and staff
members. This ratio of 1 to 10 appears to be an efficient
one. When selecting training cadre members, it is important
to create a cadre that is representative of the school's overall
faculty. For example, if 75% of the faculty use Macintosh
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computers, it would be important for most of the training
cadre to be Macintosh users. The TC may also want to
consider other factors such as academic discipline, aca-
demic departments, age, or gender when selecting the
cadre. The theory behind this attention to diversity is that a
cadre that closely represents the overall faculty demograph-
ics will be more effective in serving as role models with
technology.

Another important part of the Training Coordinator's
job is to serve as a liaison between the faculty and hardware
and software vendors. The TC should contact vendors and
work with them to provide demonstration materials and to
train the training cadre. Many vendors will provide free
training or training materials if doing so will result in added
exposure to their products.

The training cadre
To begin the process of inservice training at CSU,

Fresno, a cadre of 10 faculty members was formed. Each
received training on a variety of computer applications.
Partnerships were formed with several corporations who
agreed to supply advanced software and training. Software
partnerships were formed with MECC, Aldus Corporation
and Humanities Software, among many others. The plan is
for all cadre faculty to receive training in all of the ad-
vanced applications and to incorporate selected applications
into their classroom teaching.

An important aspect of Train the Trainer is dividing the
training duties among the cadre members. Under the
model, there is a division of labor and no one cadre
member is responsible for too much of the training
workload. All of the cadre members receive training in all
of the applications. However, after receiving training on all
the applications, each member of the training cadre selects
one or more of the applications and serves as a trainer for
only those applications to the entire faculty. For example, a
cadre member might develop a particular interest in a word
processing application. Thai cadre member would then
hold workshops and demonstrations for other interested
faculty members on that application.

The training faculty members serve as role models as
well as trainers. The cadre members are expected to
incorporate the applications they use the most into their
classrooms. They are encouraged to develop ways that the
applications can be used to create new and innovative
classroom experiences for their students. Other faculty
members can observe the innovative applications and make
suggestions or modifications based on their own experi-
ences and n, eds.

Developing incentives for participation is an important
issue when organizing the train ing cadre. University
faculty are very busy people. Even those faculty who
advocate the increased use of technology in the classroom
often find it difficult to devote the time and effort necessary
to train others in the use of technology. As a result,
powerful, tangible incentives must be in place to attract
faculty into the training cadre. As fiscal and political
situations differ from school to school, each university must
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develop incentives that are powerful and tangible to their
particular faculty. At CSU, Fresno, members of the training
cadre were given new computers for their office use as an
incentive. The promise of a new computer in a time of deep
fiscal difficulties and aging workstations proved to be an
effective incentive.

Training the faculty
Following training, each cadre member conducted

training for non-cadre faculty. The training was both formal
and informal, involving the use of workshops and one-to-
one discussions. The advantage of this faculty-to-faculty
training technique is that it allows non-cadre faculty
members to learn about technology in a nonthreatening,
collegial atmosphere. It is expected that 30% of the School
of Education and Human Development faculty will receive
training on at least one advanced application of technology
by the end of Train the Trainer's first year. Ultimately, it is
expected that all of the faculty and staff will receive training
on at least one application. It is also expected that trainers
will provide training and serve as technology role models to
teachers in the local K-12 school district. Workshops for
school teachers and administrators will be offered at night or
on weekends.

The first step in training the entire faculty in the use of
technology is to raise the faculty's awareness of
technology's power and potential. Many faculty don't know
what types of technology exist nor how to use them in their
classrooms. Awareness of these issues can be raised
through a series of demonstrations and workshops. Demon-
strations can be to introduce faculty members to a wide
variety of software or to show-off an innovative application
of technology in the classroom. Workshops are useful in
teaching faculty how to use and work with a certain
technology.

In addition to conducting formal demonstrations and
workshops, the training cadre will also serve as informal
technology resources for the faculty. The names of the
training cadre and the applications they specialize in are
circulated to the entire faculty. Faculty members then know
which cadre members to contact when they have a question
about a particular application. Ibis informal, one-to-one
training is a necessary and important component of the
model.

Long term goals
The king terms goals of the Train the Trainer model at

CSU, Fresno are to offer continued training on new tech-
noltigies as they emerge and to foster innovative applica-
tion!, of technology in the classroom. One advantage of the
model is that, once established, the infrastructure can be
used for a long period of time. As faculty become skilled in
applications, the training cadre can learn newer applications
and, in turn, provide training on emerging technologies to
the entire faculty. One factor to consider with long-term
implementation is the need to provide ongoing incentives for
the trainers. A new computer may be sufficient to recruit a
faculty member to become a trainer, but it is not sufficient to
justify three, four, or five years worth of extra work.
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Another advantage of the Train the Trainer model is
that it provides opportunities for faculty and students to
observe the benefits of technology in actual practice. The
cadre members use technology to model best teaching
practices and the advantages of technology to their students
and fellow faculty. According to a theory developed by
Rogers (1983), if the benefits and advantages of an innova-
tion are observable, the innovation is more likely to be
adopted and diffused throughout a social system. Train the
Trainer makes the benefits of technology observable and, as
a result, increases the likelihood that other educators will
adopr and use the technology.

Summary
Technology is slowly becoming more and more

pervasive in higher education. In coming years, university
faculty will have access to a great array of instructional and
information technology. If selected and used properly,
these new technologies can have a profound, positive
impact on teaching in higher education. Fowever, faculty
must receive training in order to maximize the impact of
these technologies. Train the Trainer is a model of faculty
development that emphasizes cooperative and ongoing
training. Through the development of a small cadre of
faculty members, the skills necessary to use technology are
diffused throughout the entire faculty. The purpose of this
model is to foster a climate of instructional innovation
through technology. The ultimate goal of the model is to
create a dynamic, imaginative School of Education in which
every faculty member is a trainer, mentor, and leader in the
use of instructional technology.

The authors wish to thank Dr. Russ Hart of California
State University, Fresno for his contributions to this paper.
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As computer literacy becomes a more fundamental skill
for achieving personal and business success, schools are
making increased efforts to prepare students for entry into
the twenty-first century through computer technology.
Software Publishers' Association (1993) reported that US
schools spent a total of $2.1 billion on computer technology
in the 1992-93 school year, and this figure is expected to
rise 20% in the next year. It has been estimated that up to
98% of public schools now own at least one computer (The
Computer Report Card, 1989). Figures such as these
suggest that the computer has successfully assumed its role
in elementary education. However, the mere presence of
comruters does not ensure their implementation into the
curriculum.

Half of all K-12 teachers with access to computers
report never having used them in instruction (Fulton, 1989).
One contributor to this technological idleness is the absence
of proper computer training in traditional teacher prepara-
tion programs. Only twenty-seven states require any type of
computer training for teacher certification (Hess, 1992), and
in most cases this requirement can be satisfied through a
basic introduction to computers course that does not address
the implementation of computers into the curriculum or the
needs of the young child (Fulton, 1989). Often, machines
sit idle in the corner of the elementary classroom, or are
relegated to a distant lab which students visit infrequently, if
ever. If computer technology is to realize its full potential
as a powerful instructional tool, teachers must be convinced
of the value of this technology and be provided the training
needed to use computers as an integrated part of the
curriculum.

For the past ten years, the Technology in Early Child-
hood Habitats (TECH) program at the University of
Delaware has provided training for preservice and inservice
teachers in the use of computer technology with young
children. The model of instruction developed for this
program emphasizes the use of the computer as a develop-
mentally appropriate tool for use in an early childhood
curriculum. Rooted in current research and theory, this
model consists of three fundamental elements: theoretical
foundation, hands-on practice, and constructive evaluation.
In a practicum experience, teachers interact with children in
a functioning classroom, work under the guidance of a
mentoring teacher, and gradually assume the role of
instructor in the computer-integrated classroom.

This paper describes both the model of instruction
implemented by TECH to train teachers to use technology
with young children, and the course content. Through
survey data collected from course participants, we will
conclude by examining strengths and weaknesses of this
model, and future directions of technology instruction in
teacher education.

What is TECH?
The Technology in Early Childhood Habitats (TECH)

program was originally begun in 1983 as an extension of the
University of Delaware's Laboratory Preschool. In the early
eighties, computers were springing up in day carcs and
kindergartens and being touted as the greatest boon to
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education since the chalkboard. TECH was organized in
response to this social and educational phenomenon, with
several objectives in mind. First, the computer needed to be
studied to determine if young children could use one. If so,
an appropriate computer-enriched cumculum needed to be
developed, and a resource established where pre- and
inservice teachers could receive necessary training. It is this
last piece, that of professional training, which is the focus of
this paper.

Goals and Objectives
The guiding purpose of training by TECH is to produce

teachers who are capable of and confident in the use of
technology as an integral component of their early child-
hood program. The philosophy guiding this effort is that
effective instruction of young children conforms to the
standards of developmentally appropriate practice as
defined by the National Association for the Education of
Young Children (NAEYC) (Bredekamp, 1987). It is one
thing for teachers to become familiar with technology and
another for them to be trained to use technology across the
curriculum in developmentally appropriate ways. A
computer in the classroom is often used primarily for
reward and remediation. Knowing how to use the computer
to maximize children's development in appropriate ways,
however, is what is needed.

The audience served by this project has consisted
primarily of preservice and inservice teachers who work
with young children in preschool, kindergarten, or day-care
settings. Teacher participants of lower and middle elemen-
tary school grades have also found this training highly
relevant. In the past five years alone, TECH has trained
approximately 100 teachers locally and from across the

. country.

The Teacher Training Process
Offered as a regular University of Delaware course at

both the undergraduate and graduate level, as well as a
Continuing Education Institute, this training has tradition-
ally been conducted during a five-week summer session.
Held in the University of Delaware's Laboratory Preschool
the participants have had access to all the materials of the
Lab School, as well as the substantial TECH software
collection and state-of-the-art hardware including numerous
color printers, scanners, and video technologies. One
unique feature of the TECH summer training is its ability to
offer experience with open-ended and exploration software
that is not commonly found in early childhood classrooms.
As an independent educational organization, TECH has the
opportunity to evaluate hundreds of software programs and
select the best programs for use in the early childhood
curriculum.

The Intensive Week
The professional instruction program begins with an

intensive five-day, thirty-five hour training period. In
accordance with the charazteristics of effective training
programs as out:died by Epstein (1993), the participants'
initial exposure to TECH consists of a complementary
balance of theory and practice. Approximately half of each

day's schedule is devoted to direct instruction of the
theoretical basis for appropriate computer use with young
children; the remaining time is given to daily hands-on
computer exploration, concentrated technical training, and
software evaluation. All of these elements are then applied
and evaluated during the practicum period.

Theoretical Foundation
Before teachers can effectively utilize the computer as a

developmentally appropriate educational tool, they must
understand why this technology is suitable for use with
young children. During the intensive week, the instructor
presents the teachers with a concentrated view of develop-
mental theory, including the related work of Bruner,
Erikson, Papert, Piaget, Vygotsky and Social Competence
Theory. For example, in accordance with Papert's version
of Piagetian theory, Logo-like software can be developed to
present microworlds, places in which children have the
freedom and security to explore situations to which they
may otherwise have no access. Piaget often referred to
children's cognitive structures as 'microviews' of the world.

Becoming familiar with the relationship between
developmental theory and technology allows the partici-
pants to more effectively implement the computer as an
appropriate instructional tool within their existing para-
digms of teaching. Teachers can then design activities that
take advantage of this technology's potential to enhance
children's natural development, for example, by providing
children with a piece of "rnicroworld" software that
encourages exploration in the same way that the block
corner or clay table encourages experimentation with a
particular set of concepts.

In addition to developmental theory, the course ad-
dresses many of the myths that have been propagated which
oppose computer use with children, and subsequently
refutes these arguments with current research. For the past
ten years there has been considerable debate concerning the
appropriateness of computers in early childhood education,
and, though most of the arguments against the use of
computers by young children have been laid to rest
(Clements, 1987; Clements, Nastasi, & Swaminathan 1993;
Shade & Watson, 1990; Watson, Nida, & Shade, 1986),
some continue to resurface.

One such myth alleges that young children in the
concrete operational stage are cognitively ill-equipped to
comprehend the symbolic representation on a computer
screen; as recent work demonstrates (Sheingold, 1986),
much of what normally occurs in the early childhood
classroom is symbolic. Furthermore, one could make the
same criticism of picture books (Piestrup, 1985), which are
certainly more static and less interactive than the majority of
computer software. By addressing these issues, the course
attempts to eradicate any prejudices the participants may
harbor against computer use, thereby encouraging partici-
pants to include technology in their early childhood
curriculum.

Technical Training
Because some of the participants come to this course

without even the most fundamental computer experience of
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word-processing, the intensive week necessarily includes
technological training. This hands-on training begins with
the most basic procedures, such as how to turn the computer
on and off, how to load various programs and navigate
within them, and includes ample opportunity for indepen-
dent exploration on the machines. For the teachers, then,
this training progresses to such skills as installing programs
on the hard drive and maintaining the hardware, duties that
would be required of teache s who include computers in
their classrooms. Before it : end of the course, the partici-
pants are expected to corm tete a technical training checklist,
which necessitates their facility with basic hardware
operation and maintenance.

Software Evaluation
Just as teachers must make informed decisions about the

literature included in the classroom library, so must they be
able to recognize high-quality software for use in their
curriculum. Training is provided during this time for
teachers to become familiar with the characteristics of
developmentally appropriate software (such as open-
endedness, child-control, equitable gender and multicultural
representation, etc.), and to rate the programs according to
the Developmental Software Evaluation Scale (DSES)
developed by Haugland and Shade (1988,1990). Many
sample programs, demonstrating a high- and low-score
piece for each characteristic, are viewed during the discus-
sion of the features. Teachers are encouraged to explore
TECH's extensive software library, and to evaluate selected
pieces using the DSES. This rating is done in pairs, again in
the model of the children's usage, to foster discussion and
cooperative efforts. The scores assigned by the participants
are then compared to those given by expert evaluators, and
the teachers are encouraged to justify any disparities in
terms of how the program would be used with their own
students. Additional software is introduced throughout the
five weeks, until teachers have had the opportunity to
examine approximately 100 to 130 of the best titles.

The Practicum
Because these participants are (or soon will be) teachers

of children in functioning classrooms, the best way for them
to gain confidence in using technology with children is to do
it. The professional training, therefore, is conducted in
concurrence with a four-week technology-enriched summer
camp, sponsored by TECH, for children between the ages of
four and seven. Teachers participate for a minimum of two
days per week, though many choose to do more. From the
first day, the teachers are directly involved with the children
and the technology.

Observation Assignments
Throughout their placement in the camp, teachers are

given the opportunity to observe children in their interac-
tions with the computers and with their peers. These
observations occur in the classroom, among the children.
This attention to "kid-watching" provides genuine illustra-
tions of the theory the teachers have studied, so that they
may recognize how children actually respond to the
computer-enriched environment. In addition, the partici-

pants have the chance to observe the methods and activities
used by the program's lead teacher, as a model of appropri-
ate practice, as well as the selection of material used and
room setup.

Interaction With Children
Because these participants have been trained in peda-

gogy and educational theory, often the most effective way
for them to learn a topic is to teach it. From the beginning
of their placement, teachers are expected to instruct the
children in use of the hardware and software. In order to
scaffold the teachers into their new responsibilities, TECH
allows participants to teach a "recipe" lesson, that is, one
that has been lifted directly out of the resource file of
lessons taught in previous years. This plan may involve the
introduction of a piece of software, instruction in basic
features of the hardware (such as how to load a disk), or
other fundamental concepts required for computer use
(selecting from a menu, etc.). Implemented in the first day
or two of the camp, this lesson offers the teachers a low-risk
opportunity to become familiar with appropriate instruc-
tional techniques in the computer-integrated classroom, and
to gain expertise with various features of the computer.

Integration Of Computers Across The Curriculum
In addition to the "recipe" plan, the teachers are

expected to design and implement three original lessons that
complement the curriculum of the camp. These lessons
.should support a variety of computer related skills and
concepts, and should be aimed at including these skills in
various areas of the classroom, such as art, literacy, dramatic
play, math/science, health/nutrition, problem solving, and
physical development. In designing these plans, teachers
select a small number of software titles on which they
become "experts," and which they are able to teach to the
students through appropriate methods. Upon approval by
the cooperating teacher, these lessons are taught by the
teachers as part of the regular camp curriculum, in accor-
dance with the project's philosophy that technology can be
utilized as an integral component of the early childhood
classroom.

Teacher Evaluation
Throughout this course, opportunities are available for

constructive, immediate feedback to the teachers. After
each lesson is implemented, a self-evaluation is completed
by the participant, and then discussed with the instructor.
The instructor also makes a formal observation and offers
evaluation of one lesson conducted by each participant. In
addition, the cooperating teacher observes each activity,
completes a brief evaluation of the lesson, and offers
consmictive feedback which can be directly applied to the
next lesson plan. A fmal evaluation, completed in confer-
ence with the cooperating teacher, highlights the strengths
of each participant's experience, and offers general sugges-
tions for the teacher's future integration of computers in the
classroom.

Program Effectiveness
In order to informally asscss the effectiveness of the

TECH training course, we conducted a nonrandom tele-
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phone survey of former students. the purpose of the survey
was twofold: to elicit feedback on the usefulness and
strengths of the course, and to assess the current status of
computer use in the classrooms of the participants.

Asked to rate the training on the extent td which it
affected their performance in a number of areas (i.e. the
ability to recognize quality software, to integrate computers
into the curriculum, to use computers with children, and to
feel personally confident with the software and hardware),
the responding teachers reported a high degree of satisfac-
tion with the course, giving the class a mean score of 4.4 out
of 5 for general usefulness. Most highly rated of the
individual areas, with a mean score of 4.9, was the teachers'
perceived ability to recognize and select quality software for
their classrooms. Teachers also responded positively to the
course's success in teaching them to incorporate computers
into the curriculum and to comfortably use technology with
children, which received average scores of 4.6 and 4.3,
respectively.

Almost all of the responding teachers currently have at
least one computer in the classroom, which is available for
the children's use every day. Many of the preschool and
kindergarten teachers explained that they have established
the computer as one of their "centers," that is, the computer
was one of many activities a child could choose from during
free play.

We found that where teachers were involved in selecting
software for their own classrooms, the quality of the
software was typically outstanding, representing appropriate
and open-ended programs rather than more drill and practice
oriented software. However, when teachers were not
involved in the selection process, they expressed a degree of
dissatisfaction and frustration with available materials.
Interestingly, the teachers who were involved in the TECH
training seemed to have been better prepared to select
developmentally appropriate software than the people
whom the school or school board had appointed.

Perhaps most telling were the survey's open-ended
questions, which asked the teachers to reflect on both the
most useful aspects of the course and what they believed
could have been improved. Teachers most commonly cited
the opportunity to become familiar with a number of
different software titles as the most positive aspect of the
course. Next, participants lauded the course for increasing
their seif-confidence in evaluating and selecting develop-
mentally appropriate software. In addition, teachers
consistently mentioned their work with the children as one
of the most powerful and effective aspects of their
courstwork, saying they enjoyed seeing how easily children
interacted with appropriate software. Finally, teachers
enjoyed seeing the possibilities and potentials of cutting-
edge developments, such as CD-ROM, scanners, and
powerful bard drives.

While there was broad consensus of participants'
assessment of course strengths, their suggestions for
improvement were more varied. The only repeated
feedback was that the course was intense and fast-paced.
However, it should be mentioned that when a course format
which eliminated the most intense and rigorous portions

was implemented, teachers reported feeling ill-prepared for
their interaction with the children. Other comments
reflected dissatisfaction with the short duration of the
course, and the subsequently brief turnaround time between
plan submission and lesson implementation. Participants
would have appreciated having more time to spend with the
lead teacher to plan lessons, as well as more exposure to
software appropriate for older children. These suggestions
will inform decisions concerning the planning of future
training courses.

Future Directions
TECH is considering new directions for the future. As

always, the program will offer the most recent, cutting-edge
technology available; in the next year, the TECH plans to
acquire additional hardware, a number of hand-held Newton
computers;more CD-ROM titles, and new multimedia
technologies. TECH will also be making efforts to extend
its resources and training to a wider audience of teachers,
many from other states Wherever the course is conducted,
TECH will continue to produce teachers who are both
knowledgeable and confident in the developmentally
appropriate use of technology in the education of young
children.

References
Bredekamp. S. (Ed.). (1987). Developmentally appropriate

practice in early childhood programs servirg children from
birth through age 8. Washington, DC: NAEYC

Clements, D. H. (1987). Computers and young children: A review
of research. Young Children, 42, 34-44.

Clements, D. H.. Nastasi, B. K., & Swaminathan, S. (1993).
Young children and computers: Crossroads and directions
from research. Young Children, 48, 56-64.

Epstein. A. (1993). Training for quality. Ypsilanti, Michigan:
High Scope Press.

Fulton, K. (1989). Technology training for teachers: A federal
perspective. Educational Technology, 29, 12-17.

Haugland, S. W. & Shade, D.D. (1988). Developmentally
appropriate software for young children. Young Children,
43(4), 37-43.

Haugland, S. W. & Shade, D.D. (1990). Developmental evalua-
tions of sofnvare for young children. New York: Delmar
Publishers, Inc.

Hess, R. (1992). A new model of computers and technology
education. In Carey, D., Carey, R., Willis, D.A., & Willis, J.
(Eds.) Technology and Teacher Education Annual-1992 (pp.
144-147). Charlottesville, VA: Association for the Advance-
ment of Computing in Education.

Piestrup, A. (1985). Silicon chips and playdough. In A. M. Gordon
& K. W. Brown, Beginnings and Beyond: Foundations in
Early Child,hood Education. New York, NY: Delmar.

Shade, D. D., & Watson, J. A. (1990). Computers in early
education: Issues put to rest, theoretical links to sound practice,
and the potential contribution of microworlds. Journal of
Educational Compwing Research, 6, 375-392.

Sheingold, K. (1986). The microcomputer as a symbolic medium.
In P. Campbell & G. Fein (Eds.). Young Children and
Computers. Englewood Cliffs, NJ: Prentice-Hall, Inc.

344 Technology and Teacher Education Annual 1994



Software Publishers' Acsociation (1993). US K-12 schools spent
$2.1 billion on education technology in 1992/93. SPA News
Release, September 13, 1993.

The computer report card: How teachers grade computers in the
classroom (1989). Tech Trends, pp.30-35.

Watson, J. A., Nida, R. E., & Shade, D. D. (1986). Educational
issues concerning young children and microcomputers: I-ego
with LOGO? Early Child Development and Care, 23, 299-
316.

Bernadette Caruso is the Head Teacher for the Technology
in Early Childhood Habitats Project and a graduate student
of Educational Development, University of Delaware,
Newark, DE 19716
e-mail: bcaruso@brahms.udel.edu.

Chris Trottiei. is the Project Assistant for the Technology in
Early Habitats Project and a graduate student of Individual
and Family Studies, University of Delaware, Newark DE
19716
e-mail: trottier@brahms.udeLedu.

Daniel D. Shade is Director of the Technology in Early
Habitats Program and an Associate Professor of Individual
and Family Studies, University of Delaware, Newark, DE
19716
e-mail: ddshade@brahms.udeLedu.

(1



Omega Project - Mexico

Oralia Machuca
Anahuac University Mexico

Claudia Limon
Anahuac University - Mexico

Salvador Ortiz De Montellano
Anahuac University - Mexico

Isabel Oga Ide
Anahuac University - Mexico

The computer as an element that extends the intellectual
human capacities has gone through fundamental changes
since its appearance in the 40s. This change has also
impacted the educational system where the study of the
computers and their uses has become an important element.
These rapid changes are not only of concern to educators.
They have a special concern in being able to take advantage
of the potential offered by computers and the ability to use it
as an auxiliary aid for instructional.

This interest also developed in the Educational System
of the Legionarios de Cristo. Computers have been
acquired in different schools since the 1970s. School
authorities noticed that, despite large investments in
equipment, there was no evidence showing improvement of
the educational process since the introduction of the
computer. Because of this situation CICE was created in
1989. CICE is an investigation center with the main
purpose of studying the computer and its use in education.

The objective of the OMEGA project is to design,
produce and apply educational software to support the
teaching of mathematics in elementary schools, helping with
this the development of intellectual skills.

Design and Production of Educational
Sottware

The following elements were considered prior to the
development of the educational software .

Learning Outcomes
Learning environments can be organized around

objectives that are related to five learning categories, each
leading to different responses. For this reason, activities
need different didactic conception to lead to effective
learning. There are five different learning outcomes:
Intellectual Skills, Cognitive Strategies, Verbal Information,
Attitudes and Motor Skills.

Due to the objectives of the project, we decided to focus
on intellectual skills. These skills enable the learner to do
something that requires cognitive processing. There are
three varieties of this skill.
1. Concept skills:

Concrete: Enables the learner to identify instances of an
object, of an object property, of an event or of a spatial
direction.
Defined: The learner is able to demonstrate the applica-
tion of a rule that defines the concept.

2. Rule: Is a cognitively understood relation between
concepts.

3. Higher-order rules: where learners are able to encoun-
ter problems to be solved by the use of previously
learned rules.

intellectual development of the student
The next step was to determine the learner charazteris-

tics and the intellectual development of the children that
would use the software we planned to develop. We
considered the main phases of the cognitive development of
the children established by Piaget during the development of
this software.
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Didactic of the subject
When we began working in the project, we noticed that

it is very common for mathematics to be presented in a
mechanical way, where the results are important and the
processes are less important. With this in mind, we tried to

develop software where students are able to discover the
new concepts and experiment with different situations
where this concept may appear. We created feedback
systems where students get a clu6 to the possible source of
their error. The aim is to have the students learn from their
own mistakes.

Internal learning Process

1. Alerting the learner to
receive stimulation

2. Acquiring an expec-
tansy of the results of
learning

3. Retrieval of items in
long term memory to the
working memory

4. Selective perception of
the patterns that enter
into learning

5. Semantic encoding of
presented material to attain
a form for long-term storage
and ready retrieval

6. Responding with a per-
formance that verifies
learning

7. Reinforcement, by
means of which the results
or learning are enabled

8. Providing cues that are
are used in recall

9. Generalizing performance
to new situations

External Instruclional Events

1. Gaining attention

2. informing the learner
of the lesson objectives

3. Stimulating recall or prior
learning

4. Presenting the new stimuli
or concept with distinctive
features

5. Providing learning gui-
dance.

6. Eliciting performance

7. Providing feedback

8. Assessing Performance

9. Enhancing retention and
earning transfer

Examples of the Action

1. Using fast changes of
stimulus

2. Telling the students what
they will be able to do at the
end

3. Making the student re-
member the concepts and
abilities previously learned

4. Presenting the material
emphasizing the principal
characteristics.

5. Suggesting an organiza-
tion that has a meaning

6. Asking the student to do
certain activities.

7. Giving the student an
informative feedback.

8. Asking the student to conti-
nue doing exercises.

9. Guiding the student in
practice and provide him
with different exercises

Figure 1. Internal processes of iearning, their functions, and the types of external events
that may support them.

The Lessons
The lessons we have developed have the following main

characteristics:
The lessons are tutorials and are designed for elementary
school students.
The lessons are personalized. Students enter their name
so the computer may address to them by that name.
Short phrases are used. We don't saturate the screens
with text because we believe this makes the lessons less
attractive for the students.

Key elements are placed in the center of the screen.
Due to the age of the students, where distraction is
inevitable, we place the most important aspects in the
center.
There is only one stimuli at a time placed on the screen.
During the lessons the students are able to manipulate
different objects in order to provide them with an
interactive learning experience.
A teacher option menu determines what part of the
lesson students will use.
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Teacher Training
Practice throughout the years has confirmed the

importance of the role of the teacher in this project. Neither
the equipment, nor the programs nor the new methodologies
have had the impact in the project as important as the
participation of the teachers. The teacher makes the
integration into the curriculum possible. For this reason,
when we began with the project, we determined the
necessity for the staff development needed for teachers to be
incorporated in as a key element for the entire process. We
designed a three phase training program.

First the teacher becomes an active participant and
collaborator in the introduction of the computer as an
element that supports the teaching-learning process. Three
courses are given to the teachers that incorporate to the
project. The courses are:

Introduction to Computer Use.
Analysis of the Methodology Used to Develop Educa-
tional Software.
Educational Techriques for the Implementation of
Educational Software in the Class Room.

When a new school incorporates to the project, it is
natural to find that the teachers are afraid to use the new
technology. To overcome this natural reaction, teachers are
assisted by CICE's experienced personnel during the first
sessions. The active participation of CICE's personnel
continues, on a twice a month basis, until teachers and
students feel comfortable with the system.

As a third training step CICE's personnel have sched-
uled monthly meetings with all teachers from the schools
involved in the project. During these meetings the follow-
ing areas are reviewed:

Subjects that will be taught during the next month
Software lessons that will be used as an introduction to a
new subject or to reinforce the concepts seen in the
classroom.

It is important for teachers review the software lessons
before they are used with the class. It is also important for
them to use the software as an integral part of their math
classes.

Application in the Schools
When a new school is authorized to be incorporated in

the project they have to go throngh the following process:

Physical implementation of facilities
Based on specifications and recommendations provided

by CICE the school authorities must implement an adequate
dedicated computer center in their school.

Equipment acquisition
The equipment to be acquired by each school varies

depending on the number of students in each group.
Presently we are considering one computer for every two
students. Equipment purchase is centralized at the Anahuac
University headquarters where CICE is located.

Installation of equipment and software
CICE's specialized personnel are responsible for the

equipment and software installation.

Teacher training
Software lessons application is incorporated into the

design. As a rule, once a week each group should go to the
computer center to reinforce what they have seen in their
math class.

Oralia Mahuca is Professor and Coordinator of the Omega
Project, Anahuac University: Lomas Anahuac s/n, Col.
Lomas Anahuac , Huixquilucan Edo de Mexico, CP. 52760
MEXICO.Bitnet: aalberro@anahuac
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Research conducted by the National Center for Technol-
ogy Planning (NCI?) revealed that fewer than 30 percent of
America's schools possess a written technology plan that is
integrated into the curriculum. Although an increasing
number of schools are considering the preparation of
technology plans, relatively few educators know how to
develop a technology plan that ensures success. Most
school board members and district administrators confess to
being confused about what strategic planning involves
(Peterson, 1989).

Just as a cookbook has recipes that will lead to delicious
cuisine, a technology plan has the potential for providing
directions to success. The preparation of an effective plan
should evoke the same devotion to excellence that one
might find in the kitchen of a fine chef. All the necessary
ingredients must be available for incorporation into the feast
being prepared; however, not even the finest quality
ingredients will yield the desired dish unless the recipe is
explicit and is followed.

The National Center for Technology Planning (NCTP),
established in late 1992 for the expressed purpose of
assisting schools throughout the United States in their
technology planning efforts, has amassed a large quantity of
written technology planning documents. The documents,
generally refizred to as the "technology plans," vary in size,
appearance. and scope. Certain essential principles exist,
however, that serve as benchmarks to success.

Technology Plan Defined
Prior to achieving success with a technology plan, one

must understand basic concepts of what a technology plan
isor should be. Definitions differ widely and often the
unifying thread will be that "the way we do it" is best.

Cook (1988) asserted that the best examples of planning
are based more on the collective intuition of those planning
than on so-called hard data. Many cooks would give
testimony that their intuition is what provides the deciding
difference between success and failure in the recipe.

Rather than concentrate on the many specific elements
that are needed within a maximally-effective plan, the focus
should be on major points. After the "big picture" is
conveyed and understood, a planner will be able better to
address the minor, yet still important, elements.

A technology plan often is a document, and nothing
more. However, in effective schools, the plan is merely the
physical result of a major planning effort that focused on
improving all segments of instruction, using technology in a
natural infusion process. The plan, ideally, shows the total
community that the school is dedicated to a particular goal,
or set of goals, that will benefit the learners affected. Every
good plan will include an aggressive thrust that extends
beyond the range of "the ordinary" into a level to which the
entire community must strive. The plan will cause all
concerned to "reach" for the good stuff.

For purposes of this paper, a technology plan is defined
as that written document that represents the very best
thinking within a particular environment (school building,
district, state, etc.) for the purpose of studying technology
infusion, then recommending direction for the future.
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Carlson, Gardner, and Ruth (1989) discovered that innova-
tior- and advancements in computer technologies often are
excluded from organizations' long-range plans. The
optimum plan commits to writing the dreams, aspirations,
and visions of individuals involved in that community.

Steps in the Recipe for Success
As is the case with an effective recipe certain steps must

be followed during preparation in order for the desired result
to be realized. Too, if those who partake of the product
consider it to be irresistible, others will want to share the
recipe and enjoy its taste. A technology plan must be
prepared with certain steps in mind.

Committee Representation
To ensure summative success, a technology planning

committee must be established. This committee must
represent all members of the school community teachers,
administrators, staff, business and civic leaders, homemak-
ers, and, yes, students. A key point to remember is:
"involve all stakeholders." Herman (1988) suggested that
committees should be developed to promote ownership and
collaborative decision-making. Members of the committee
must perceive their participation to be of importance to the
community. Each committee member must be provided
with resources to perform assigned tasks. The committee
chair must communicate clearly to all members the purpose
and goals for which they are convened.

Progreu Report
The chair should give a "state of the school" report so all

members will understand current conditions in the school
and the extent to which technologies are used for instruction
and administration. Weak areas, as well as areas of
strength, should be included so they can be addressed in the
plan.

Information appearing in the progress report may, or
may not, be included in the final technology plan. If the
committee feels that these background data are beneficial,
they should be couched in such a way to indicate that the
report reflects historical information. Planners should be
wary of introducing information into the plan that indicates
hopelessness.

Subdivide Responsibilities
The technology planning committee will work most

efficiently and effectively if the workload is distributed
among its members. Hart (1988) recommends using several
small groups to begin the planning process. One by-product
of this approach is that each individual develops ownership
in the process and the subsequent plan that emerges.

Each member of the committee must have specific
responsibilities and must take seriously the responsibility
that comes with the appointment. The outcome from this
committee will be a working plan that leads the school
district in application of various technologies to the instruc-
tional process in every grade at every school building for all
students in the entire districtno small task. When each
person performs a task at the level of excellence that must
be expected, even demanded, the document that emerges
will represent clearly and accurately a vision that can lure all

involved into a bright future.
Cooper (1985) recommended that individuals who

participate in planning identify major trends affecting the
school district. When the group has agreed upon the
identified trends, members can attack trends and see what
their impact will be upon ongoing implementation enter-
prises.

Establish Time Frames
The technology planning committee must have a clear

idea of the time required to prepare a written plan. This
includes their understanding of all the prerequisite activities
and considerations that lead to finalizing the planning
document. Peterson (1989) noted that an organization
simply cannot know what it is doing and what it intends to
do unless it establishes and periodically monitors its goals
and the concomitant time in which it measures achievement
of goals. Accomplishment of this requirement ensures that
strategic planning occurs.

Time frames to be considered for adoption include, but
are not limited to: length of time needed to complete
committee work; assessment of district needs, of district
technology inventory, and of district physical facilities;
polling vendors to determine what technologies and related
peripherals are available to address school needs; creating
draft documents for areas addressed in the plan; acclimating
district personnel to changes that may be recommended;
educating community members; ensuring equitable
representation by all constituencies in the district; preparing
a financial proposal on costs; preparing a financial proposal
for supporting investments required by the committee's
recommendations; first-year implementation of the plan.;
potential for a phased-in approach to implementation; full
implementation of the plan; evaluation of the plan, of the
planning process, of the implementation process and of
district personnel's response to implementation; and
modification of the plan to incorporate findings from
evaluations.

Establishment and publication of time frames helps to
ensure that the technology plan will be implemented
successfully. When committee members understand time
frames and can communicate them to the community,
chances for success are incteased.

Set Target Dates
Target dates are essential for a technology pl in to be

successful. When time frames are considered and consen-
sus is reached within the committee, the chairpervon should
entertain input for dates on which certain specific accom-
plishments can be expected.

Members of the planning committee will achieve
individual and collective goils if well-defined dates are
established. If the report on a particular task is scheduled
for presentation at a specific meeting time, chances of
acquiring and using that information have been increased
significantly merely by setting a date (Green & Lamb, 1993,
Malone, 1989). Use of Gantt or PERT charts can be
considered to improve clear understanding of target dates
within the committee.
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Build Consensus
Consensus among the population affected by an

organization is essential, but may be difficult to acquire.
The technology planning committee must accept full
responsibility for ensuring that the maximum consensus
possible is gained. Many avenues exist, and models are
available for review, for achieving broad consensus within
the community.

The successful plan benefits each aspect of education in
the local environment. When the planning team ensures that
all players are represented in the plan, chances are improved
that all involved will "buy in" to ideas contained in the plan.
An effective plan will address needs of all segments of
organizational life administration and instruction alike
(Fasano, 1987). One element cannot be represented to the
exclusion of the other.

Various techniques may be employed in the quest for
consensus. The complete plan must be explained fully to all
stakeholders who are involved in the school. While the plan
is being put together, consensus may be gained by ensuring
maximum involvement by a wide collection of constituents.
Those who "pay the bill" with taxes and other contributions
must see the long-term benefits of the plan's implementa-
tion. If they sense a reasonably high level of participation,
they will adopt ownership in the concepts and will give
consensus gladly.

Formulate Plan
At this phase, the plan should be written. This section

takes the least explanation, but evokes the most hard work.
Here is where "the rubber meets the mad" results of the
difficult decisions that emerged from examining and
debating data appears in a defensible document. Specific
considerations must be guaranteed to appear in the plan.
The plan, in turn, should appear in various places within the
organization's materials.

Elements of a successful technology plan will find their
way into the organization's budget, curriculum, and job
descriptions. The technology plan will not achieve maxi-
mum usefulness if it resides as a document alone, separate
from other written materials which the give organization its
direction. When the technology plan is part of the overall
strategic long-range plan, the goals, missions, and visions
embodied of the plan will be part and parcel of organiza-
tional activitiesit will be integrated

The chair must be certain that this t.xument will be read
')y a wide assortment of school supporters (Dewess, 1988,
Malone, 1989). Through careful writing the plan should
have a pleasing, professional format projecting a positive,
stre image. Care must be taken to guarantee that terms
familiar only to educators are explained in a way that makes
certain the reader will understand the intended meaning.
Often, a committee will elect to present complex informa-
tion in ki pictorial form, usually in a chart or graph. The
document should be bound in such a way that changes can
be made without destroying the integrity of the plan.

As the committee organizes the sequence of the
planning document, careful attention is given to the
executive summary. As a general rule, the executive

summary will appear at the beginning of the plan. Some
readers may not have time to peruse the entire document;
therefore, it is prudent that the executive summary appears
first and portrays a clear representation of what the commit-
tee intends to convey to the public. Main points may be
highlighted in a variety of fashions; a bulleted list, a sidebar,
or boldfaced text printed in a variant typeface may produce
the desired result. In any event, the executive summary
should be given a place and appearance of great importance
in the planning document.

Implement Plan
Educators are reminded by Smallen (1989) that plan-

ning, not just talking about planning, is necessary if optimal
pedagogical use of hardware and software is to be realized.
As trustees of public funds, educators can ill-afford to
ignore this fact.

Implementation of the technology plan depends on full
support from all members of the school community. Only
when teachers are auuned appropriately to purposes of the
plan, given sufficient ownership in ideas and opponunities
for growth through the plan, and provided the level of
training they deserve will they ensure full infusion of
technological concepts into the curriculum.

Administrators, if committed to the plan, should make
available all resources possible to see that implementation is
realized. This may mean that role models are placed in
strategic positions so teaching faculty may gain strength by
seeing effectiveness demonstrated. Fledgling teachers and
staff will be better able to put the plan into full action if
perceived obstacles are removed and a reward structure is
put in place so that all players may achieve success while
the plan is working, too.

EvaLuie Plan
Proper evaluation of an activity is essential: this is an

accepted notion among educators. Certainly, then, the
technology plan should be evaluated from numerous
vantage points. While the plan itself should be scnitinizerl,
activities surrounding the plan deserve ongoing evaluation,
informally, and periodic evaluation, formally.

First, the planning process should receive evaluation.
Committee members should evaluate their effectiveness and
should encourage an external evaluation of the process
through which they went to arrive at the implementation
phase.

The planning document should be reviewed annually,
with the most stringent review coming at the end of year
one (Peterson, 1989, Randall, 1991). Subsequent reviews
must take into account any recommendations that have been
made during precedent evaluations (Tashner, Riedel, &
Hutchinson, 1991). All previously identified aspects related
to planning and implementing the plan ought to be scruti-
nized. Recommendations should be included in the annual
report presented by the committee chair.

Role of Teacher Education Programs
The main focus of this paper is the development of the

planning document, reflecting the interaction necessary
among all components in the planning cycle. Teacher
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educators also have a tremendous responsibility, because we
have an opportunity to create an environment in which
preservice teachers may learn about and experience most
aspects of technology planning.

Increasingly, teacher education programs require
inclusion of computer literacy training (Arntson, 1991).
Beyond that, a few are providing continuing experiences
where preservice teachers use the knowledge and skills
learned in literacy classes for projects and activities that
strengthen relevance of technologies to their learning. Some
few institutions guarantee that students create technology-
oriented teaching materials and share those with fellow
preservice teachers, often using the Internet as a conduit.

Teacher education, as a whole, faces a challenge to
provide opportunities for preservice teachers to understand
basic planning concepts along with their technology-rich
experiences. If students graduate from programs in which
they have learned the benefits of planning and are well-
equipped to fashion even the most rudimentary ele nents of
a technology plan, they will improve sharply the pissibility
of an education agency's implementing successfully a
sensible technologically-inclusive program. A side benefit
of preparing preservice teachers in this regard is that the
training institution will, more likely, have a good plan of its
own.

Resources for Planning
Technology planners do not have to concern themselves

with collecting every single piece of information necessary
to help them create and implement their plan. Numerous
resources exist to make their job much easier.

The National Center for Technology Planning (NCTP)
was established to serve as a repository for exemplary
technology plans, as well as a place to acquire planning
aids, public relations announcements, checklists, profes-
sional development opportunities, and to engender discus-
sion and debate relative to a multitude of aspects surround-
ing planning. Planning documents have been procured from
national and international sources; these have been placed in
an archive accessible on the Internet via anonymous ftp,
gopher, and by using Mosaic to access the home page at
Mississippi State University (by loading a URLhttp://
www.msstate.edu). In addition to the online access, NCTP
staff provide consultative assistance to schools, communi-
ties, and higher education institutions.

The Consortium for School Networking (CoSN)
operates a gopher server (digital.cosn.org) that includes
networking and technology planning assistance. Hundreds
of practitioners are available, too, to give advice through the
CoSN discussion list on the Internet. The Special Interest
Group on Teacher Education (SIGTE), as a part of the
International Society for Technology in Education (ISTE),
conducts lively discussion on their listserv operated by Neal
Strudler at the University of Nevada-Las Vegas
(Strudler@nevada.edu).

The Scholastic Network, accessible through America
Online, provides many technology planning resources.
Along with offering downloadable technology planning
documents provided to them by the National Center for

4

Technology Planning, Scholastic Network operates a forum
aimed at technology planning, specifically. Questions on
planning, as well as technology implementation are
welcomed.

Commercial computer manufacturers offer planning
kits. Apple Computer's Teaching, Learning, and Technol-
ogy is available in both videodisc and QuickTime CD-ROM
format. IBM Eduquest has a technology planning packet
that can be acquired from a regional Eduquest office. Both
of these "for sale" resources contain a template that an
organization may simply fill in, saving many hours of
laborious polling, consultation, discussion, writing, and
evaluating. The drawback to this approach, however, is that
the educational agency wil. have produced a document that
may be called a plan, but the true plan for the future has
never been envisioned by the school. Such an approach is
rejected vigorously by wise technology planners.

Conclusion
The desired outcome of effective technology planning is

that the most appropriate technologies are infused in a
natural manner into a miximally-effective instructional or
administrative program so that all parties concerned have
equitable access and achieve benefits from routine use of the
technologies. Such a view is much like the desired outcome
of an effective recipe: the consumer acquires excellent
nutrition from a succulent dish prepared by an experienced
cook who used the most appropriate equipment according to
specific instructions (allowing user-adopted variances) in a
relatively hassle-free environment to such an extent that
others, even the consumer, want to know how he/she
prepared the dish.

As educators use acceptable procedures and practices to
create and implement technology plans successfully, other
professionals will seek advice for their plans. One goal of
leaders in the field of planning is to ensure that the highest
quality of information attainable is spread among schools.
If this recipe for planning is followed, then disseminated
throughout the country, students in our nation's schools will
enjoy a richer, more challenging, rewarding educational
experience.
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Technology Restructuring
Teacher education institutions are taking a more active

lead,,rship role in todays' educational restructuring move-
ment. Teaching collaboration, shared decision making,
effective teaching methods, and how to build school rapport
are all on the faculty-schools system agenda for school
renewal. One area of great importance for schools of the
future is the use of technology. Educational journals are
filled with advertisement on computers and software, and
most journals also include a page or two on technology
describing the pros and cons of several teaching experiences
(Elliott, 1993; Sanders, 1993). College instructors are
familiar with word processing and rely on computers for
their writing; yet many of these same instructors are not as
skilled as they need to be in order to assist school districts in
their restructuring, particularly when the restructuring
efforts involve the technology training of practitioners.

Educators at the school district level (media specialists
and classroom teachers) are having a difficult time keeping
up and integrating these newer technologies into the
curriculum (Grandgenett & Mortenson, 1993; Resta, 1993,
Smith & Smith, 1993). College and university personnel
are caught in this same situation. Most faculties haven't had
the time or staff development to learn the newest technology
or to actively experience working with new programs.

In an effort to meet the challenges of providing needed
technology training to both teacher educators and practitio-
ners in the region, the School of Education at West Georgia
College (WGC) provided a series of technology develop-
ment sessions during the 1992-1993 academic year. This
article describes the staff development and college spon-
sored training model that was delivered. Program out-
comes, suggestions for program improvements, and
educational implications are also described.

The Technology Program
The goals of the technology staff development program

were twofold: to identify the technology needs of faculty
to provide the technology training in the expressed areas

of need through a series of workshops. It was believed that
educators would more readily integrate the new and
emerging types of technologies into their tcaching practices
once they became familiar with how to operate the equip-
ment and were exposed to a variety of effective classroom
applications with the various types of technology. Hands-
on learning opportunities allowed the participants to become
more comfortable with the equipment. The Dean of the
School of Education and department chairs strongly
supported this faculty development venture and appointed a
coordinator to design and implement the training program.

The Design Phase
The technology coordinator designed and administered a

needs assessment questionnaire to faculty in the School of
Education during a end of a summer session. Respondents
were asked to describe the technology training they needed,
including training on the equipment as well as selected
software; to list technology sessions they would like to
conduct as part of the series, if any; to identify technology
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experts in the area that could be contacted to make a
presentation; and to recommend days and times they would
be most available to attend the training sessions.

Thirty-five of the 72 questionnaires were returned
(49%). Fifteen different technology content areas were
identified, ranging in frequencies from 10 faculty requests to
1 for similar programs. Based on the frequency of those
requests; the availability of the presenters, the specific
technology hardware and software, and the technology
training room; and the immediate needs of faculty; the
coordinator scheduled the training sessions for the fall,
winter, and spring quarters.

Promotional flyers were developed and distributed to
faculty the first day of the fall quarter. The flyers listed the
areas of training as well as the fall training schedule. This
information included the day and time of the sessions, room
location, name of the presenter, and a brief summary of the
nature of the session. In addition, the flyer contained a
return postcard. Participants were asked to check of all the
sessions they planned to attend and to return the postcard
within a certain time frame. This feedback gave the
coordinator an opportunity to make plans for the sessions
and to ensure the rooms and instructional materials were
appropriate.

Originally the promotional technology flyers were sent
only to faculty and staff in the School of Education. Due to
requests from other interested administrators and educators
off campus, the flyers were also distributed to superinten-
dents, principals, media r4xcialists, and staff development
personnel in the region for winter and spring quarters.

The Implementation Phase
Attendance at the training sessions was on a volunteer

basis. Department chairs encouraged individual faculty
members to attend those sessions that would contribute to
their professional development.

Since the majority of the faculty in the School of
Education taught classes Monday through Thursday, all of
the training sessions were conducted Friday mornings from
10:00 a.m. until noon. Depending upon the size of the
audience and the type of technology needed, a number of
technology Fites in the School of Education were used.
Twenty seven technology sessions were delivered by 15
technology experts in the area. Eighty percent of the
training was conducted by faculty in the School of Educa-
tion while 20% was delivered by experts in the tegion
interested in participating in the program. Seven sessions
were conducted fall quarter, 10 winter, and 10 spring
quarter. Table 1 categorizes the types of technology
training sessions that were delivered during the year and the

number of times each session was conducted.

Outcomes
Observations and input from the participants in the

training series have identified several positive outcomes as a

result of this technology training staff development pro-

gram. The benefits to trainers, college faculty, teachers and
other support personnel from the districts include:

1. a greater awareness and interest in technology, espe-
cially the new and emerging technologies,

Table 1
1992-1993 School of Education
Technology Training Sessions

Type of Technology Session Delivered

1. Applications of Selected
Computer Software Programs: 7

PageMaker (2)
IMP (1)
Scantron (1)
SIideshop (1)
Statview (1)
VCR Companion (1)

2. Computer Utilization Skills: 5

Apple and Macintosh - Beginning Level(2)
Apple and Macintosh - Intermediate Level(1)
IBM - Beginning 81 Intermediate Levels (2)

3. Instructional Video: 3
Planning and shooting instructional videotapes (2)
Editing 1/2 inch videotapes (1)

4. Multimedia: 3

HyperCard (1)
Illuminated Manuscripts (1)
Linkway (1)

5. CD-ROM Technology: 2

6. Photography: 2

Shooting black and white photography (1)
Making black and white prints (I)

7. Integrating Technology into the Curriculum:
Effective Techniques Utilizing the New and

EmergingTypes of Technology
8. Making Powerful Presentations Using Graphics,

Verbal and Nonverbal Language, and Dress 1

9. Long Distance Learning (the fiber optics connection
between West Georgia College and Carrollton
City Schools)

10. Laserdisc Technology
11. Audiovisual Support Services offered

by the Learning Resources Center
at West Georgia College 1

2. "hands on" learning experiences with new and emerging
types of technology,

3. an increased knowledge of a variety of ways to use
technology in the classrooms,

4 knowledge of content-specific software and their
effectiveness with students,

5. a greater use of technologies that exist in the School of
Education,

6. a decrease in the "fear" of technology,
7. a greater demand for technology, and
8. an increase in the use of technology in the classroom for

instructional and learning purposes.
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The benefits to schools in the region:
1. an opportunity for free staff development training for

teachers,
2. an opportunity for sharing staff development needs with

teacher Iraining institutions,
3. an increased utilization of available technology within

the school and the School of Education, and
4. an increased awareness of the types of technology on the

market and present or future needs of the school.

The benefits to the School of Education at WGC:
1. an opportunity to provide service and leadership to the

region in technology training,
2. an increased awareness of the types of technology

training needed by practitioners,
3. a chance to become further acquainted with the schools

and its personnel in the region,
3. an opportunity to recruit graduate students, and
4. another opportunity to form cooperative partnerships

with educational leaders in the region to enhance the the
teaching and learning practices of all educational
personnel through the sharing of human and nonhuman
resources.
Overall the technology sessions were successful and

fairly well attended. Participants included administrators,
teacher educators, teachers, media specialists, and librarians
from both on and off campus. The demographic data that
was c.nllected with regard to the participants and presenters
are shown in Table 2.

As a result of the success of the 1992-1993 training
series and the requests from educators both on and off
campus for additional training, the series has been extended
another year.

Suggestions for Improvements
Those attending the sessions expressed some helpful

suggestions for improving the sessions. These included:
1. Videotape the training sessions so that faculty and other

interested personnel can view the instruction at a later
date. In cases where faculty need the training but have
other commitments or classes at the time of the session
they could easily view the tape during their free time and
benefit from the provided instruction.

2. Provide training sessions at other days and times since
some faculty are scheduled to teach on Friday mornings
or offer the sessions once in the morning and once in the

afternoon.
3. Since teachers often have very busy schedules, send

reminder notices to those who have signed up for the
specific sessions or call the day before the session to jog
their memory.

4. Provide more opportunities for participants to play with
the technology after the session or at later dates. This
would ensure that appropriate practice has taken place
and that participants had not forgotten what they had
learned.

5. Send the technology training flyers to the support staff in
the School of Edwation at West Gcorgia College as well
as faculty from the other schools in the college.

Table 2
Demographic Data
on the Technology Training Sessions

Category Frequency

Number of sessions delivered 27
Number of Participants 181
Number of different participants 70

participants on campus (61)
participants off campus (9)

Average number of participants each session 7
Average number of sessions attended by each

department in the School of Education 8
Number of different presenters 15

from on campus (12)
from off campus (3)

Implications
Time and information often out paces the best of people

and leaves little time to apply all the new technology
available. By utilizing staff development at the college
level, professors receive current "hands on" experience in
their disciplines rather than just reading articles about the
newest technologies. This allows them to model those
practices and to become more credible to their students.
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A Three Year Plan to Infuse
Technology Throughout a

Teacher Education
Program: Year 3 Update

Ann Thompson
Iowa State University

Denise Schmidt
Iowa State University

Introduction and Background
Information

Researchers and practitioners seem to agree on the need
for quality, integrated technology experiences for preservice
teacher education students (Bitter & Yohe, 1989; Bruder,
1991; Strudler, 1991; Walker, Keepes, & Chang, 1992;
Wetzel, 1992; Davis, 1993). If new teachers are to use
technology effectively with their students, they must have
appropriate experiences and instruction throughout their
preservice program. Creating models for educating faculty
and successfully infusing technology throughout the
preservice curriculum has been problematic, however, for
teacher educators. In this paper, a program designed to
support faculty and thus integrate technology into teacher
education will be described, with special emphasis on
activities in the third year of the program, 1993-94.

The faculty education program described in this paper is
part of a larger program developed over the past ten years in
the College of Education at Iowa State University. The
program is designed to make technology an integral part of
the teaching and learning environment. The first two
components of the program are part of the curriculum for all
teacher education students; the third component is designed
for students who wish to specialize in the area of technol-
ogy. The program, designed to model the uses of technol-
ogy classroom teachers, the former preservice students, will
be using with their own students, includes the following
three components:
1 a course in computer-related technology
2. computer-related technology experiences in foundations,

methods and field experience classes
3. an optional minor in educational computing that includes

eighteen credits of coursework in computer-related
technology topics.

The program described in this paper was designed to
enable the second component of the technology program.

Technology Integration Throughout the
Teacher Education Program

Single course approaches to teaching teachers about
technology are clearly not enough to help preservice
teachers create a vision of how technology can expand their
own teaching. Most teacher educators would agree,
however, that infusing technology into the entire teacher
education program is a much larger challenge than design-
ing and implementing a single course. Technology integra-
tion into the foundations, methods and field experiences is a
continuing area of emphasis in the teacher education
program at Iowa State University, and the three year
program in this area has resulted in steady progress in
faculty involvement in technology infusion.

During the first year of the infusion program (1991-92),
teacher education faculty obtained computers and attended
workshops on computer applications. Year 1 activities
focused on helping faculty get up and running with their
computers and on helping faculty learn to use the computers
to complete their work. During Year 1, there was little
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emphasis on using the computers for instructional purposes.
During the second year of the project, workshops continued
and individual faculty were encouraged to work with
mentors (primarily instructional computing graduate
students) to begin to design technology applications for their
classes. An internal department communication system
using Quickmail was also established during Year 2.

In the third year of the project, mentoring activities
increased and included almost all areas of the curriculum.
Some activities that have emerged from this mentoring
process include the development of reading-writing
activities that incorporate technology, the use of telecommu-
nications as a vehicle to communicate with elementary
students throughout the writing process, the participation of
math, science and social students in simulations, the use of
distance education capabilities to connect teacher education
students with K-12 classrooms, student use of presentation
software to prepare projects for classes and the use of
commercial software for tutoring elementary students.

Although faculty were never required to participate in
any part of the program, technology integration was adopted
as one of the departnent goals for each of the last three
years. Thus, many faculty chose to incorporate increased
use of technology in instruction in their own yearly goals
and this was encouraged by the department chair.

Year 3 Environment
By the 1993-94 academic year, technology had become

a relatively routine and natural tool for a good proportion of
the teacher education faculty and thus influenced die way
the department conducted its business. Telecommunica-
tions capabilities influenced both internal and external
communications. Faculty were connected internally with
Quickmail in Year 2 of the project and use has increased
steadily each month. Given the ease of use of the
Quickmail system, it became a method for getting some of
the more reluctant faculty established as regular computer
users. It also provided a friendly introduction to electronic
mail and thus an introduction 'A" the more complex Internet
system. Internet workshops were provided for faculty in
Year 3 of the project and an increasing number began to use
this capability.

As documented by department secretaries, the majority
of faculty were doing their professional writing, course
preparations, and correspondence with their computers. By
Year 3, the secretaries' work loads had changed dramati-
cally; they were used to check, format and print documents,
but not to enter text. The secretaries began their own work
with computers at about the same time as the faculty and by
Year 3, several of them were "experts" on the finer points of
Microsoft Word and Works.

The computer also became a part of department
meetings during Year 3 of the project. Committees began to
present their reports using Power Point and the computer
and LCD became an integral part of activities at the
meetings.

In summary, by Year 3 the computer had become a vital

and natural tool for the work of the department. Faculty,
staff and students regularly shared computer and software

1' 7 t--1

information with each other, the areas where the community
laser printers are housed became meeting places for faculty
waiting in queues. Faculty and students were regularly
checking out computer hardware and software for instruc-
tional purposes.

Specific Integration Activities
Technology activities within the instructional program

became much more common during Year 3 of the project; a
small sample of these activities were selected for description
in this paper.

Several instructors began to use the Xapshot system as a
means to help them get to know their students more quickly
and efficiently. Students would take their pictures with the
Xapshot and then write a short introduction of themselves,
complete with picture, for their instructors. Many students
were enthusiastic about using this same procedure with their
own students.

One faculty member in reading and language arts used
the Internet to connect her methods students with the fifth
and sixth grade classes at the Apple Classroom of Tomor-
row site in Blue Earth, Minnesota. The fifth and sixth
graders e-mailed their written products to the teacher
education students who commented by the products.
Students at each site had pictures of their e-mail partners on
bulletin boards. The fifth and sixth gade teachers reported
increased student interest in writing given the collect student
audience and the college students expressed sincere
appreciation for the opportunity to get to know the fifth and
sixth graders and their writing abilities.

Another reading faculty member used the distance
education facility and the Iowa fiber optics system to
connect her secondary reading methods class with both 8th
grade students and their teachers. Initially, the teactetr
education students met the 8th graders over the fiber optics
network and each group had the chance to see and interview
the other. During the semester, the teacher education
students received written products from the 8th graders by
e-mail and also had the opportunity to meet with the 8th
grade reading teachers over the fiber optics network. At the
end of the semester, the teacher education students and the
.8th graders had a final face-to-face meeting over the
network. Enthusiasm for the project ran high on both ends.
One teacher education student remarked:
At first, we were all real nervous about the system and the
cameras; after while, though, you could just feel everyone
relax and enjoy the opportunity. I plan to use this system
with my own students someday.

Math and science faculty members in the department are
making use of a technology rich teaching classroom funded
by the National Science Foundation to integrate technology
throughout their teaching. The classroom features six fully
equipped stations that include computers, Xapshot capabili-
ties, laser disc players and CR-DOM. Science methods
students regularly use computer interface software in
conducting experiments; math methods students use Logo,
spreadsheets, and problem solving software as a regular tool
in their classes. Video disc material helps make science real
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for the teacher education students as do science and
mathematics simulations.

Another significant aspect of the technology integration
program is the increased student use of technology to
comPlete class assignments. Students who have taken the
computer course are increasingly using Hypercard and
Power Point and other tools to prepare their class presenta-
tions. The power of the graphics, video, and audio used in
some of these presentations is an impressive force for
faculty and students alike.

Challenges
All faculty participation in the integration project has

been voluntary; neither workshops nor mentoring activities
are required. Thus, there are still some faculty in the
department who make little, if any, use of technology in
their teaching or their professional work. This number is,
however, steadily diminishing and both peer and student
pressure is making it clear to all that technology is increas-
ingly a scpart of department work. As students regularly
fulfill assignment though using technology, evea reluctant
faculty are finding it difficult to ignore the power and
potential of technology. As Quickmail becomes an increas-
ingly important part of department communications, those
not on the computer regularly begin to see the need for
regularly accessing mail. Taken together, the growing
computer culture within the department will continue to be a
powerful force to lure more and more faculty into effective
and creative computer use.

Keeping current in hardware acquisition is a continuing
financial problem. Most of the department equipment has
been funded through internal and external grants; as faculty
become mole sophisticated in their use of technology, there
is increasing pressure to increase the funding for technol-
ogy. Computers purchased two years ago no longer meet
some of the faculty' needs; replacement is already an issue.
Traditionally, Colleges of Education do not have equipment
budgets that will support today's technology needs.
Funding continues to be a challenge.

Summary
By the end of the third year of the preservice technology

intcgration project, technology had become a natural tool for
conducting research and teaching in the teacher education
program at Iowa State University. Although a few faculty
still had not become regular users, most had become a part
of a community that used technology for communication,
research and instruction. In retrospect it appears that several
features of the technology integration program were
important in contributing to its success:

furnishing all the faculty easy access to technology
not pushing instructional use of the computers until the
faculty became comfortable with personal use
including technology integration as a yearly goal for the

department during each year of the project
strong support from depamnent and college level

administration
not requiring participation in the program
one-on-one mentoring for interested faculty

Future plans for technology infusion include offering
more advanced workshops, continued mentoring, and a
newsletter sharing faculty and student projects ideas.
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Using Myers-Briggs Type
Indicator As A Tool For
Developing Successful

ITTE Programs

Patricia David-Hansen
Idaho Public Schools

Broadly defined, technology is "the invention of any tool
that makes a task easier" (Yopp, 1993). In instructional
settings this definition includes new and powerful technol-
ogy in the form of computers, networks, modems, CD-
ROM, multimedia tools, and software for use in almost any
subject.

Reactions in the educational community to this new
technology are mized. While some regard technology, and
their accompanying equipment, as tools that might enhance
teaching and learning, all this new power is meaningless
unless teachers themselves take ownership of it. As Meade
(1991) says, "Without ready and willing teachers, [this]
technology can accomplish nothing" (p.30).

Today's educators face the critical challenge of incorpo-
rating technology into training programs that will foster
ownership of the technology and bring positive benefits to
both the teachers and students in our schools. Although
some state legislatures and boards of education have
mandated some type of technology training (Gursky, 1991),
the need for, and the structure of, the instruction have not
received adequate thought. Shao (1989) notes that "after a
decade of enthusiasms, there's still no clear consensus about
the role, value, or effectiveness of computers in schools.
Well-thought-out goals are still lacking" (p. 108). Yet, the
structure of technology training affects teachers' attitudes
toward computers and "may ultimately affect the teacher's
competence as a source of instruction" that includes
technology (Brownell, Brownell, and Zirkler, 1993, p. 137).

Many training programs treat all teachers the same by
using identical forms of instruction. Too often, professors
and administrators adopt a "one best way" approach to
preservice and inservice programs that does not consider the
"individual competency levels, needs, interests, professional
maturity levels, and personal characteristics of teachers"
who participate (Sergiovanni, 1987, p. 149). Concerned that
"there is no single foolproof way" to provide instruction,
Centra (1979, p. 3) recommends combining information
from several a?proaches to avoid bias and to maximize
results for teacher education.

Some prospective teachers regard computers as just
another thing for them to teach, rather than something that
could make their lives easier (Koepke & Ladestro, 1991). In
addition, teachers have a higher level of computer anxiety
than their students, and often feel psychologically at risk
when exploring the use of new technology (Cambre and
Cook, 1984; Hermann, 1988). Webler (1992) agrees that
onc reason teacher education majors are not receiving
instruction in computer literacy and applications is because
computer anxieties interfere with the learning process. To
overcome this anxiety the uniqueness of the individual
teachers must be central to the instruction that is designed,
with the participants being actively involved (Dobson,
Dobson, &Kessinger, 1980).

Individualization in Technology
Education

One approach to individualizing technology education is
to use the Myers-Briggs Type Indicator, (MBTI or the
Indicator) (Briggs & Myers, 1977). Its purpose is to clarify
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Jung's theory of psychological types. The essence of his
theory is that what may seem random behavior is actually
quite consistent, because of basic differences in the way
individuals prefer to use their perception and judgment
(Myers and McCaulley, 1989).

Four preferences are scored on the MBTI to determine a
person's type: (1) Extroversion, the outer world of actions,
objects, and persons, or Introversion, the inner world of
concepts and ideas; (2) Sensing, the practical facts of
experience and life, or iNtuition, the possibilities, relation-
ships and meanings of experiences; (3) Thinking objectively
and impersonally, or Feeling subjectively and personally;
and (4) Judgment in a decisive, planned and orderly way, or
Perception in a spontaneous, flexible way. The highlighted
letters designate the eight characteristics, four of which
combine to define a participant's type.

Diversity still exists within the 16 possible types. Some
people are more differentiated, or at a higher level of type
development than others (Lawrence, 1987). All of the 16
possible types are represented among teachers who have
answered the MBTI, however. Each has its strengths and
limitations and, in turn, makes special contributions to
teaching.

Learners at all levels are also represented among the 16
types. At times, they need the support of an instructor who
is like them in type, because understanding comes more
easily between similar types. At other times, they need the
challenge of being with an instructor of a different type.
Finding the right balance between support and challenge is
an important task for those who plan instructional programs
and staff development activities. If participants include a
mixture of types, and, if those who work with them under-
stand the strengths of each type, the preservice or inservice
training can be more effective.

Research from the data bank of the Center for Applica-
tions of Psychological Type in Gainesville, Florida,
indicates the following type preferences exist among
teachers. The level of iNtuitives increases with college
instructors. Fueling types are in the majority through high
school, with Thinking types outnumbering Feeling types in
college teachers. As a result, teacher education programs
can easily involve iNtuitive Feeling types imposing their
preferences upon Sensing Thinking types. At all levels,
Judging types outnumber Perceptive types, with administra-
tors having even more Judging types than do teachers.

Certadily, all learners need an envi.ronment that will
offer the best opportunity for their development. Type
theory provides new insights into how to match learning
settings to individuals.

MITI Results in One School District
The author initially introduced the MET' to a western

school district as part of a naturalistic study of four teachers
involved in an individualized evaluation process. Other
teachers and staff members asked to complete MBTI Form
G, which was used for the study. Scores were recorded for
23 members in the district, eight men and 15 women, on a
scale of one to 70 for each of the eight areas of preference.

The 23 respondents represent 12 of the 16 possible type

combinations. All expressed surprise at how well the
description of their type "fit," and were interested in
knowing which teachers scored their same type.

The author, as an administrator, had to learn first about
her own perceptions and ways of interaction. Second, she
worked to understand the views of the individual teachers,
both about themselves and about their setting. The next step
involved discovering ways to combine her style with those
of the different teachers in order to promote their personal
ownership of a technology process designed for improve-
ment.

Myers and McCaulley (1989) suggest MBTI results
such as these can help instructors to develop diverse
teaching methods to meet the needs of different types;
understand type differences in motivation for learning;
analyze curricula, methods, media, and materials according
to the needs of different types; and help instructors, adminis-
trators, and teachers to work together more constructively.
Staff development programs for this audience needed to
employ approaches appropriate to the preference combina-
tions illustrated in the 23 participants.

Indeed, the author found that district teachers were more
concerned with accumulating easy credits to advance on the
salary schedule that in gaining knowledge. While some
personal pressures may lie beyond an instructor's range of
influence, they can affect motivation in some respects. One
way is using the strengths of the 16 type differences to
increase motivation for learning.

Lawrence (1987) suggests dividing motivation into four
parts, corresponding to the four dimensions of type shown
by the 23 teachers:
1. The extraversion-introversion preference shows the

broad areas of natural interests.
2. The sensing-intuition preference reveals basic learning

styles.
3. The thinking-feeling dimension shows patterns of

commitments and values.
4. The judging-perceiving dimension shc ,s work habits.

By considering these four natural motivators when
planning instructionby working with them rather than
against theminstructors can better direct a person's
energy toward learning and accepting new ideas and
concepts.

Conclusions about Individuality
Growth and change can be uncertain and even threaten-

ing. However, in the presence of caring and concerned
supervisors, what Levine (1989) callcd a "context of
support," educators can benefit from teacher education
programs designed to increase their self-awareness and
progress.

When type differences are seriously considered, teachers
nien experience the challenge of reaching individuals of
opposite types. In type development, all learners need to
develop Sensing, iNtuition, Thinking and Feeling. For each
type, two of these processes come easily, and two are
difficult. Teacher education programs built on a foundation
of type study can help learners discover their own prefer-
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ences. Then they can help them develop expertise in these
four mental processes--first, by increasing their abilities in
the processes that are easiest for them, and later, by develop-
ing their a'.aity to use the others (McCaulley and Natter,
1974).

Furthermore, teacher education programs can help
participants learn when to use the four attitudes. Extra-
verted participants can learn how to enjoy their own
company and thoughts. Introverted participants can learn
the skills of extraverting in order to have more experiences
to think about. Judging participants can learn when to keep
an open mind and to stay curious and receptive. Perceptive
participants can learn to stop perceiving and make a
decision.

Until recently, most education literature had overlooked
the importance of individual attributes (Strike & Bull,
1981). Fortunately, a growing number of authors are
emphasizing the importance of difference among educators.
This increased interest suggests that schools should consider
carefully the implementation of any education system or
technology training that does not allow for diversity among
its members.

From the information furnished by 23 members of her
school district, and by other reports, the author concluded
that the better the understanding a staff development
facilitator has of a participant's unique characteristics, the
better formed will be any process employed for change or
improvement of that instructor. Facilitators and teachers
who understand that participant and student temperaments
do use this information in determining how they will teach
(Lawrence,1987). The MBTI gave the presenter a basis for
understanding each participant's perceptions about technol-
ogy, as well as providing each informant with an opportu-
nity to examine, and accept or reject the findings.

As early as 1978, Reavis championed the involvement
of teachers in suggesting training objectives. Too often, he
said, supervisors may be promoting their own preferred
styles, and not necessarily those of the teachers. Therefore,
they must develop ways to understand and work with the
individual differences found in teachers. This understand-
ing of the role of supervisors would also apply to teachers
and staff developers. Since Reavis' assertion, the amount of
literature supporting individualization has continued to
grow. The notion that tcachers are assembly-line products
(Bredeson, 1987) is no longer considered acceptable to an
ever-growing number.

Results
A; a result of this report, the author concluded that, for

ownership and acceptance of technology in teacher educa-
ticn, the training must begin at whatever point the individual

is able and willing to begin. Along with beginning at the
stage acceptable to the learner, the author concluded that a
few targets reached are better than many that are ignored.

Preferences of each individual must always be consid-
ered when acceptance of new programs is sought. Teachers
react to criticism or suggestion in different ways, just as
they perceive their needs differently. While one might

accept a direct, firm approach, another may need a gentler

less-direct technique. Since continual improvement should
be a major concern for all educators, the author also
concluded that professors and administrators who lack
appropriate interpersonal skills need to attend seminars and
classes, and study current literature to develop their
understanding of differences.

While time periods for preservice and inservice may
reach an end, the process of individualization does not.
Consideration for the individual should be ongoing so that
teachers do not reach a midcareer point where they simply
go through the motions or, even worse, retire on the job
(Evans, 1989).

Recommendations
Based on the conclusions of this report on technology

and the importance of individualized teacher education, it is
recommended that
I. All those involved in the education of teachers first

endeavor to understand their own uniqueness. For
communication and understanding, one instrument, such
as the MBTI, may be used by all assessors at a particular
site.

2. Professors and administrators then endeavor to under-
stand the uniqueness of each teacher, so that the
instruction process can be individually tailored to meet
the needs of the prticular individuals.

Summary
This report provides significant information about the

importance of planning for individualizaeon in teacher
education programs. McCaulley and Natter (1974) stress
that, as schools improve their capacity to help each type
develop its potential, there will be less visible dissatisfac-
tion, and less underachievement. Additionally, a group of
individuals will learn to effectively direct their lives, and to
value the important contributions of all types of people.

All individuals have the right to a learning setting that
will offer them their best opportunity to develop (Lawrence,
1987). The MBTI provides insights into how to match
learning settings to students. It is unrealistic, however, to
ask teachers to totally change their need for structure.

The author suggests two possible alternatives to the
mismatch ween instructor and learner needs. First.
individuals can be placed in a setting that allows the best
match between teacher style and learner need for classroom
structure. Second, teachers can learn techniques for varying
structure, techniques that permit them to meet more
people's needs, without forcing them beyond their own
capabilities.

From this report, it is apparent that considering the needs
of the individual can lead to improvement in teacher
education and provide less discomfort about technology for
the learner. The teacher may then have the confidence to
experiment, grow, and change. Indeed, when they r-alize
that there is little to fear, then their ownership of techr. 'ogy
as part of the education process will become a useful toc,,
toward overall improvement in all levels of education
(Conley & Dixon, 1990).
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Leveraging Pedagogical
and Technological

Transformation
Simultaneously: K-12 and

Higher Education

Mike Johnson
Drake University

Jan McMahill
Drake University

Given the pace of technological transformation and
related pedagogical restructuring and the expanding gap
between the leading edge of change and many university
and K-12 faculty, research projects and model development
seem implicated to leverage change in both Higher Educa-
tion and K-12 faculty simultaneously. In addition, the
variables that effect change in social systems have been
identified by over 50 years of diffusion of innovation
research, yet practitioners infrequently utilize this knowl-
edge in planning and implementing technological restructur-
ing projects. This paper reports initial findings of a multi-
year field experiment case study and diffusion of innovation
model testing that involves university and high school
faculty in the introducon of multimedia technology and
constructivist-based teaching practices.

Background of the Study
In the spring of 1993 the researchers were awarded two

grants to develop and test a model for leveraging simulta-
neous technological and pedagogical change at the K-12
and higher education levels. The model seeks to create a
community of learners in which university faculty from the
content area (college of arts and sciences) and the teacher
education methods area (school of education) are engaged
as part of a research team to observe and evaluate the effects
of multimedia technology and accompanying constructivist-
based teaching practices on a high school instructor's
teaching methods and curriculum. The primary research
questions have been:
I. Does the university faculty involvement in K-12

restructuring innovation process change their own
curriculum content and teaching practice?

2. Does this type of synergistic learning community
approach demonstrate any potential as an effective
vehicle for simultaneously impacting higher education
and K-12 restructuring?

3. Can researchers identify, monitor, and adjust the key
variables identified in the diffusion of innovation
research literature and thereby increase the probability of
effecting change?

Technological Change and
Transformation Literature

Thousands of articles, books, and research reports have
been written regarding the relationship between K-12
educational reform and technology. Many researchers and
writers have concluded that technology is a key factor in the
etiology of the educational reform movement, or at least a
required partner. The need to increase the use of technology
in Teacher Education programs has also been identified as
oae of the key issues in educational reform (Ely, 1990; Pina
& Savenye, 1992).

One area of educational technology that has received
increased interest in recent years is the use of multimedia in
classrooms, and particularly in Social Studies curricula
(Bednar, Cunningham, Duffy & Perry, 1991; Ely, 1990;
Gayle, 1991; Martorella, 1991; Maxey-Fernlund & Cooper-
Shoup, 1991). The infusion of multimedia materials into
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classrooms across the nation has increased research interest
into the effectiveness of multimedia materials. Numerous
researchers have sttidied the effectiveness and efficiency of
multimedia materials at various learner levels, from the
military to first grade students to training elementaty
teachers (Carlson & Falk, 1990; Gayle, 1991; Pina, 1992).

The process of how to successfully incorporate multime-
dia materials into traditional classroom settings has also
received increased study. Although currently the subject of
much heated debate, many researchers conclude that
additional pedagogical innovations in the form of
Constructivist Learning Theory based practices are icquired
in order to realize the full potential of multimedia technol-
ogy (Bagley & Hunter, 1992; Bednar et al, 1991;
Cunningham, 1991; Duffy & Bednar, 1991; Johnson &
Vaughn, 1992; Jonassen, 1991; Perkins, 1991; Strornmen &
Lincoln, 1992; Volker, 1992).

Diffusion of Innovation Literature
Diffusion of innovation researchers have studied the

social change process for over 50 years. Over 3,000 studies
have been conducted which have identified a number
related variables in the adoption of innovation process.

Diffusion is defined as "the process by which (a) an
innovation (b) is communicated through certain channels (c)
over time (Rogers, 1983, p. 5). Rogers identified a number
of key variables in the diffusion of innovation process in his
mem-analysis of the research. A graphic representation of
the innovation-decision model is provided in Figure 1.

Diffusion of innovation research also suggests the
development of a concept that has received much attention
in education and in the change literature in other fields as
well, Learning Communities. As Rogers (1983, p. 68) states
in his mem-analysis, "A social system is a kind of collec-
tive-learning system in which the experiences of the earlier
adopters of an innovation, transmit an innovation through
interpersonal networks." Developing effective learning
communities and an organizational culture that values
learning are perceived by many as essential in the current
era of rapid change and restructuring. Effectively maintain-.
ing the velocity of organizational innovation by developing
a Learning Organization is seen as a necessity for organiza-
tional survival in .he process of restructuring current
practice into a new organizational milieu (Bolrnan & Deal,
1991; Senge, 1990).

This study therefore combines multimedia, cooperative
learning, and process writing into what is known in diffu-
sion of innovation literature as a technology cluster. This
cluster of interrelated components is considered the study
innovation which has been the focus of attention and active
research by a community of university and school district
learners/researchers. The development and ongoing
facilitation of the learning community is also being man-
aged by the researchers according to salient variables
identified by diffusion of innovation research.

Research Methodology
This qualitative study methodology is a hybrid design

that might best be described as a heuristic, interpretivefield

experiment (see Merriam, 1988, pp. 13 & 27; & Rogers,
1983, p. 70). The study was designed to expose the
participants to the study innovations, measure their re-
sponse, and at the same time permit the researchers to
modify, test, and confirm variables identified in the
diffusion of innovation models and research. The types of
data collected have been qualitative and quantitative with
the majority being qualitative in the form of several
hundreds of pages of transcribed interviews and spontane-
ous conversations, correspondence, course syllabi, and
participant and researcher notes.

Structured interviews were developed by the researchers
to pre-sample study participants on various innovation
research variables that have been identified as important
factors in innovation studies. In the Spring of 1993, initial
recorded and transcribed interviews were conducted and
other field materials were collected to establish descriptive
baseline information regarding current attitudes, awareness,
and knowledge of the study innovations and participant
teaching. School district administrators were also surveyed
to help determine the innovation history and potential of the
high school and school district.

The university faculty observed the high school
teacher's traditional textbook lecture, test classroom in the
Spring of 1993 and talked with the instructor. Over the
Summer and Fall of 1993 the high school instructor was in-
serviced by the senior researcher and the school of educa-
tion cooperative learning specialist on cooperative learning,
process writing, and multimedia computer technology.

The original research plan called for another university
faculty visitation in the Fall to observe any difference after
the innovations were adopted. The high school teacher's
training, however, took a great deal more effort and time
than anticipated continuing into early winter, thus postpon-
ing the second visit by the university faculty. Participant
response to the initial innovation intervention was not
available at the time of this writing. These findings will be
presented at a later time.

In addition to cassette recorders, transcription machines,
portable Macintosh powerbook computers, and video taping
equipment, the researchers also utilized specialized software
programs: (a) a Research Notetaker HyperCard stack
written by the senior researcher; and (b) a commercial
qualitative research analysis package called,
HyperResearch. All data, except the video taped classroom
segments, was digitized and data analysis involved the use
of computers. Grant funding paid for computer hardware
and software and travel expenses. The university faCulty
study participants were paid a small consulting honorarium
as an incentive for participation.

Results and Discussion for Future
Research

Because of the complexity of the study and the innova-
tion model itself, only a fraction of the study results will be
reported.

Potential adopter understanding and workable knowl-
edge about the innovation is essential in the innovation-
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decision process. An innovation "is an idea, practice, or
object that is perceived as new by an individual or other unit
of adoption" (Rogers, 1983, p.11). The researchers found
that although all of the respondents had awareness of the
names of the innovations, not one of the subjects had a crear
understanding and working knowledge of all three innova-
tions. Predictably, none of the participants understood how
the components related to one another in relation to
instruction.

This lack of knowledge skewed the study participants'
perceptions about the characteristics of the innovation. The
rate of adoption of an innovation is directly related to the
amount of innovation information present in the environ-
ment, especially during the persuasion stage of the innova-
tion-decision process. This information acts as a basis for
decision making. The individual's decision to adopt or
reject is effected by how she/he perceives an innovation's:
Relative Advantage (what is gained by adoption), its
Compatibility with past practice (thereby assuring some

reduction in the uncertainty of effects of adoption), its
Complexity (the relative ease of understanding and using it),
its Trialability (the ability of the potential adopter to make
limited test uses of the innovation); and its Observability
(the ability of potential adopters to observe first hand the
effects of adoption). (See Figure 1.)

Relative Advantage
1. All participants expressed a perception that adopting all

of these innovations would provide some relative
advantage to the instructor.

2. The value that every participant expressed as being the
ultimate measure of relative advantage of adoption was
"increased learning and motivation of students."

3. Nearly all participants had a negative attitudinal
connotation to the word, status, which rendered the data
on this question invalid. No one wanted to admit to
desiring or even having others perceive them as seeking
increased "status" in any form.

Time Time
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The information and layout for this
figure are taken directly from
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5." Rogers, 1983, p. 165.

Z

Figure 1. Innovation-Decision Model.
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Compatibility
1. Only the school of education cooperative learning

specialist perceived that the adoption of this cluster of
innovations had the potential to completely reengineer
an instructor's curriculum and methodology. All other
participant perceptions were mixed, as some had
knowledge of at least one innovation but had only scant
generalizations as to how any of the innovations were
compatible with past practice.

2. The researchers also found that several of the partici-
pants, both university and school district, had gained
considerable knowledge of some innovations from their
spouses who were also K-12 teachers. This finding
mirrors diffusion research findings that many potential
adopters are influenced most by geographically near
peers. Relatives are the most effective persuaders of all.

Complexity, Tria lability, Observability
1. Analysis was impossible regarding the technology

cluster as none of the participants understood the
technology cluster.

2. None of the respondents understood the term, multime-

dia, and all perceived it as being very complex and
difficult to "try." Some participants expressed feeling
anxious about multimedia. Since all of the participants
are over 40 years of age, one might predict a different
reaction in younger faculty who typically have more
exposure to the technology.

3. All participants perceived cooperative learning and
process writing as "try-able" but very time consuming.

4. Both constructivist innovations had been in-serviced and
used in the high school for over five years, yet the
teacher had not made a decision to reject or adopt them
prior to the study.

Innovation Characteristics Future Research
1. In attempting similar learning group innovation interven-

tions, researchers/practitioners might benefit from pre-
surveying perceived needs of potential adopters and
providing respondents with that information. Diffusion
researchers have concluded that potential adopters who
can evaluate better their ownneeds can also better
evaluate the match between new innovations (possible
solutions) and needs/problems (Rogers, 1983, pp. 332-
333).

2. Researchers and practitioners might also benefit from
knowing to what extent misperceptions exist among
teacher educators and K-12 teachers about technology
nomenclature and what effect this may have on restnic-
turing.

3. Educational innovation researchers may find value in
studying the effect that spouses have on potential
adopters' decisions.

4. Results from this study indicate that many dissemination
agencies (regional education labs, state departments of
education, intermediate educational servicedistricts,
associations, and vendors) provide awareness workshops

to educators. However, the real understanding and

knowledge of "awareness work-shopped" educators

may be minimal at best and even harmful at worst. In
addition, all study participants had knowledge of at least
one innovation and believed it was a good thing to
adopt, yet they still had not taken action to implement
the innovation-. - in some cases for years. Future
research might be profitable in evaluating effective ways
to help educators move from persuasion to actual
implementation.

Developing Effective Learning Communities
The study researchers needed mort cognitive informa-

tion of a philosophical and research nature in order to better
ground the participants in the innovations. In the future,
additional learning community activities will be more
structured by the researchers.

Effective Learning Communities Future Research
Practitioners would certainly benefit from research on

better ways to develop and grow successful learning
communities and to know more about what might be termed
a cognitively-grounded facilitation approach to learning
communities .

Effective Interpersonal Communication Requires
intervention and Facilitation

Diffusion research studies have concluded that interper-
sonal communication with geographically near peers is
particularly important during the persuasion stage (see
Figure 1) of the innovation-decision process for most
individuals in most social systems. Communication occurs
most effectively when the receiver perceives the message
sender as being like her/himself in such qualities as values,
beliefs, education, knowledge, overt behavior, experience,
social status, and so forth. This quality of "alikeness" is
called homophily, and its presence is essential for many
potential adopters for them to make an innovation-decision.
Each social system has several categories of potential
adopters, however, the early majority and late majority
adopters require local homophilious persuasion communica-
tion (testimonials) in order to adopt. (Having geographi-
cally near early adopter who is conducting an observable
test of the innovation may also be essential.)

The study results indicate that achieving homophily
between higher education and K-12 faculty requires
intervention by researcher/practitioners to facilitate this
relationship and increase the probability of reaching some
level of homophily. The researchers concluded that more
social interaction and communication time should have
occurred between the university and high school faculty to
reduce the magnifying glass against the fishbowl effect of
the fust observation visit. Other studies indicate that these
kinds of problems and lack of empathy and understanding
are relatively common in higher education school district
partnerships and specific strategies need to be developed to
facilitate better communication (Danzberger, 1990;
Knapczyk, 1991).

Time and geographic space are key variables
Numerous references were made in the study interviews,

notes, and other information. The second university faculty
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visitation had to be postponed due to unanticipated addi-
tional time needed to inservice the high school teacher.
Innovation research has identified that potential adopter
communication time and change agent communication
efforts are both directly related to the rate of adoption of an
innovation. However, trying to increase communication
time between the study participants has been difficult at
best, especially given the three and a half hour driving time
between sites.

Distance learning future research
The State of Iowa has installed a fiber optic communica-

tions network linking 115 sites. The university has an Iowa
Cable Network classroom on campus, and the high school
located over 200 miles away also has one in the k ...al
community college. The study researchers will be utilizing
this two-way interactive video/audio communication
network to enhance communication time and to provide a
more structured approach to developing the learning
community. The fiber optic network is seen as having the
potential to reduce effects of distance and scarcity of time.
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The use of information technology in education is often
presented as an atheoretical activityone that is not saddled
with burdensome theoretical considerations. "Theory is fine
in the ivory tower, but in the classroom it has little rel-
evance," say some when asked about the theories underly-
ir.g technology use in schools. The authors of papers in this
section definitely do not buy that perspective. In forceful, if
different ways, they make the point that technology use in
schools is an intensely theoretical as well as practical
activity.

Some of the papers deal directly with the implications of
a particular theory or philosophy for technology and teacher
education (Cafolla and Kauffmaninformation theory,
Muffolettocritical theory, Smith-Grattogestalt theory).
James White's article does not adopt one theory but, instead,
outlines five different conceptual foundations derived from
curriculum theory and then relates those theories to technol-
ogy. White's paper emphasizes the need to consider the
conceptual framework embedded in different ways of using
technology in schools. It brings to mind a sort of organiza-
tional puzzle that would involve trying to get teachers to use
one form of technology in their classes. Suppose there were
two options for using technologyone very behavioral and
one very constructivist_and two teachers_one behavioral
and one constructivist. Depending on the "match" between
the teachers and the approaches you could end up with two
happy teachers who eagerly adopt technology and use it
effectively (within their conceptual frameworks) or two
unhappy teachers who see technology as a problem.

Other papers in this section discuss the implications of
an approach or perspective that is derived from theory
(Cafolla and Kauffmanvirtual reality, Kearsleyhypertext,
Jinkersonreflective thinking, Levinelearner assessment,
Ayersman and Reedknowledge assessment, Harlow,
Maddux, and Johnsonworld literacy). A few brave souls
have even begun work on a metatheoretical framework for
thinking about technology and teacher education. Maddux
and his colleagues, for example, ask some cogent questions
about how we move from potentially useful technology to
technology that is actually being used in schools. Dale
Howard's paper, and the paper written by Mike Waggoner,
both build theoretical frameworks for thinking about
instructional technology. Howard's framework is derived
from phenomenology while Waggoner's has more of an
organizational theory flavor to it.

Taken together these papers reflect the growing ii terest
in theories as frameworks for both practice and analysis.
They also reflect the fact that the field draws from a range of
theories today, a sharp contrast to the situation just a decade
or two ago when behavioral theories reigned supreme.

Jerry Willis is Professor and Director of the Center for
Information Technology in Education. Clare Walsh, Chuan
Hui Huang, Juanita Hurst, and Kathy Matthew are gradu-
ate students in the instructional technology program of the
College of Education, University of Houston, Houston,
Texas 77204.
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In the past, we have written extensively about the
importance of avoiding the Everest Syndrome in education.
(Maddux, Johnson, & Willis, 1992). As you might guess,
the Everest Syndrome refers to the attitude among educators
that we should use computers in education for the same
reason that Hillary said he climbed Mount Everest - because
they are there. We have suggested that this is a potentially
destructive attitude because it focuses undue attention on
questions about what the hardware and software can be
made to do, and distracts us from asking questions about
what we should be using computers to accomplish. In other
words, the Everest Syndrome leads to questions about
technology when professional educators should be asking
questions about teaching and learning and the proper role of
technology in these pursuits.

We have also suggested that the inappropriate emphasis
on what computers can be made to do, and the lack of
emphasis on how technology can empower students and
teachers has been partially responsible for a backlash
against educational computing. The backlash came as critics
perceived that computers in schools were being used to
accomplish relatively trivial goals. As we have said, "Since
computers are expensive and require extensive um and
effort to learn to use, their success depends heavily on our
ability to find important rather than trivial goals to apply
them to" (Maddux & Cummings, 1986, p. 34). Educators
and policy makers are rightly reluctant to squander human
and fiscal resources to accomplish trivial goals such as rote
memorization of facts, mastery of motor skills such as
typing, or other, low-level learning goals that could be
accomplished through more economical means.

Another contributor to the backlash against educational
computing is widespread extravagant claims made by
computing advocates concerning the educational benefits of
various computing applications. These claims, although
well-intentioned, add impetus to the reaction against
educational computing. By promising more than can be
delivered, we set the stage for wholesale rejection when
policy-makers and others realize that computers are not
living up to our initial claims.

Only a few years ago, we considered this backlash to be
so serious that it threatened the survival of educational
computing, and we felt there was a danger that computers
might be abandoned by most schools. We pointed out that:

No one should doubt that educational computing
could fail; the precedent for failure exists in abun-
dance in the history of past efforts to integrate
electronic technology and education. Eight- and 16-
millimeter film, teaching machines, educational
television, and numerous other electronic innovations
have suffered from the well-known and dreaded
pendulum effect in education. (Maddux, Johnson, &
Willis, 1992)
(The pendulum effect is the tendency for an innovation

in education to be the object of extravagant, unrealistically
optimistic claims, followed by widespread disillusionment
and eventual premature abandonment.)

Happily, we no longer believe that computers are in
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danger of being abandoned by teachers. While we were
worrying about the dangers of pitching computing as a
panacea for a host of real and perceived educational
problems, computers continued to permeate the culture at
large so completely that there is now no way to halt their
entry into schools. In fact, we probably could not stop their
entrance even if we tried!

Therefore, the good news is that computers in schools
are here to stay. They have become an unstoppable force by
virtue of their incredible ubiquity. Everywhere we look, we
find computsis! In fact, it has been true for several years
that if one counts all microprocessors, there are many more
computers than people in the U.S.! Virtually every business,
small as well as large, uses computers. In addijon, comput-
ers are turning up with increasing frequency in private
homes, and a Business Week article in the November 22,
1993 issue reports that 31% of homes in the U.S. now have
at least one personal computer. Ibis article goes on to
predict that half of all American homes will have computers
by 1998. It therefore appears certain that computers will
have a significant presence in the schools of the twenty-first
century.

The virtual certainty of a future computer presence in
schools should not lead us to complacency, however.
Computers will be in schools, but the question is, will they
revolutionize education?

We believe they have the potential to do so. However,
they also have the potential to merely help us continue to do
things that don't work very well. The choice will be made
by the current generation of teachers-in-training, who will
implement computers poorly or well.

This paper will focus on some of the issues that today's
teachers-in-training will resolve in the future. The purpose
of this discussion is to help clarify these issues for teacher
educators, who must, in turn, help their students to think
critically about these and many other issues, if the future of
educational computing is to live up to its considerable
potential.

The State of the Art in Educational
Computing

We consider ourselves optimists with regard to the
potential benefits of computers in education. Although we
believe that computers are often being poorly implemented
in education, we cannot agree with Donald Ely (1993), the
Associate Director of the ERIC Clearinghouse on Informa-
tion Technology. Ely contributed an article to a special issue
of Educational Technology devoted to international
perspectives on the impact of computing in education. The
issue was intended to be a "'snapshot album' of the progress
being made around the world in realizing the potential of
educational computing" (Cavalier, & Reeves, 1993, p. 8).
Ely's article was the one devoted to educational computing
in the United States. Here is his conclusion:

. . .The results of research on student learning show,
in most cases, no significant difference between
learning through computer-based instruction and
traditional teaching. . . . On a national scale, one

would have to conclude that computer-based
instruction in U.S. schools and universities has had
minimal impact. By any measure .. . the conclusion
is 'little or no effect.' (Ely, 1993, p. 55)
Ely bases this pessimistic conclusion on the results of

research studies of the efficacy of educational computing.
On the surface, his pessimism is justified. However, we
believe the lack of significant findings in this research is due
primarily to problems of research methodology, rather than
to a lack of beneficial effect. We have addressed the
problems with this research elsewhere (Maddux, 1993), and
a full treatment of this topic is beyond the scope of the
present article. Suffice it to say that entirely too much of the
efficacy research is based on the simplistic idea that mere
exposure to computers will be beneficial to teachers or
learners. Actually, one of the things we have learned from
the early research in educational computing is that mere
exposure to computers is no more beneficial than is
exposure to a teacher, a book, or to anything else. It should
go without saying that the critical element is not the
presence or absence of a computer, but the way the com-
puter is employed in the teaching/learning process. The
majority of efficacy research pits teaching and/or learning
with a computer against a vague, seldom-defined or poorly-
defined construct called traditional teaching or learning.

It is understandable that research findings from studies
employing this methodology often fail to find an advantage
for the computer-using groups. For example, would any
reasonable person expect to find that using a computer
poorly is preferable to good, "traditional" teaching or
learning? Then too, this research literature frequently
ignores critical teaching/learning variables. The research on
word processing is a good case in point. Early research
failed to find evidence of a positive effect on the quality of
students' writing. However, much of this early research
ignored student variables such as (a) writing proficiency at
the beginning of the study, (b) subjects' mastery of word
processing skills, (c) presence or absence of a disability, (d)
type of word processing program learned, etc. Research in
this area is improving in quality, and more recent studies are
beginning to demonstrate that, under the proper conditions
(the appropriate technology used in combination with the
appropriate instruction for the appropriate students), word
processing can have a beneficial effect on the quality of
writing.

About the only thing we learned from much of the early
research is that the computer is not such a powerful learning
or teaching tool that it is effective when used with any kind
of software, with any and all types of students, using any
instructional techniques.

Computers and Megachange
Megachange is Seymour Papert's (1993) term for his

ideas about what needs to take place in schools, and it is the
central thesis of his latest book, The Children's Machine.
This book is attracting a great deal of attention in educa-
tional circles. However, we are less than impressed.
Although we believe that Papert is one of the most posi-
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tively influential figures in modern educational technology,
we believe that this book is a pale shadow of Mindstorms
(Papert, 1980), his revolutionary first book.

The new book has some of the same incisive brilliance
as the first one. However, the fust fifty pages or so are
almost incredibly naive. Papert misses the mark, in our
opinion, because he has yielded to a common temptation of
those who achieve great success and wide acclaim - the
temptation to dabble in matters outside of one's true area of
expertise.

Unlike Mindstorms. which was a book about children
and computers and how they could be brought together to
facilitate learning, The Children's Machine is a book about
public school reform in the United States. (In fact, the
subtitle of the book is Rethinking School in the Age of the
Computer.)

While Papert's credentials to address computers and
children's thought processes are unique in their excellence
(as nearly everyone knows, he studied for years with Jean
Piaget), the same cannot be said for his knowledge about
American public schools, and the essentially political nature
of educational policy-making and educational change.

Perhaps this is true because Papert himself never
attended school in this country. Instead, he went to school in
Africa. Judging from his suggestions about school reform,
we do not think that he has a realistic grasp of the problems
facd by many public schools in this country. His vision of
millions of children across the country "cooperating
joyfully" (Papert, 1993, p. 25) in the gathering of data on
acid rain does not square with our own experience teaching
in an inner city school.

Papert's premise is that schools must involve children in
something they see as important. We agree. However, when
children don't have enough to eat, or when they fear for
their own personal safety at home and at school, it is
unliktly that they will believe that gathering data on acid
rain is doing something important. We believe that Papert's
ideas about school reform suffer from the same problem we
see'in the reform suggestions of many politicians and
business leaders - they are based on the mistaken assump-
tion that basic, important changes in schools can take place
in the absence of basic, important changes in the culture at
large.

Therefore, we think the first 50 pages or so of The
Children's Machine, which deal mostly with school reform,
has very little of value to say to us. Many of Papert's ideas
may be quite workable in expensive private schools, or even
in affluent, middle-class public schools. However, educa-
tional computing must be brought to all students in all
schools, and schools in our country are increasingly serving
large numbers of poor, highly diverse student bodies. We
should make the use of computers in poor, highly diverse
schools a high research and development priority.

Interactive Multimedia
The newest computer application to be heralded as an

educational panacea is interactive multimedia, or
hypermedia. The two terms are often erroneously use as

synonyms. However, most of the excitement seems to be
directed toward what is actually hypermedia. Such lessons
usually, although not always, involve computers and other
media, and permit users to create their own paths through
the material to be learned.

We agree that there is great potential for the use of
hypermedia in education. However, we believe that the gap
between educational potential and current reality is light
years wide. One of the prevalent arguments is that the use of
hypermedia is more consistent with the way people think
than is the use of traditional media such as books. This
argument suggests that books lend themselves to linear,
sequential thinking, while interactive multimedia promotes
the user to explore the material in a non-linear, idiosyncratic
fashion.

Is this really more consistt with the way children think
and learn? Is there evidence that such is the case? If children
really do learn more efficiently in non-linear fashion, we
strongly suspect that there are many critical learner and
teacher variables that must be taken into consideration. For
example, it may be that beginning learners learn simple
material more efficiently in a linear fashion, while advanced
learners profit more from hypermedia approaches to
complex, ill-defined material (Spiro, & Jehng, 1990). In any
case, the state of the art in research on this topic is in its
infancy, and we should not jump to the conclusion that non-
linear learning is best for everyone, in every subject, at
every age. (A landmark seminal publication in this area is
Cognition, Education, Multimedia by Nix and Spiro
(1990).)

In addition, if hypermedia is to become a major learning
tool in schools, there must be a revision of the way we think
about teaching and learning. The use of hypermedia is an
individual, rather than a group activity. If it is to be more
than a useful reference tool, we will have to bring about
radical changes in school. Learning will have to become
more individualized.

In addition, good hypermedia lessons are scarce, and
teachers do not have the time or expertise to create their
own. Therefore, wide implementation will have to wait for
the production of a large library of commercial packages
spanning many disciplines.

Then too, the installed base of hardware in schools is
currently much too crude to accommodate sophisticated
hypermedia and multimedia lessons. For example, Ely
(1993) suggests that:

Apple II operating system computers are found in
61% of the schools; MS. DOS in 24% of the schools;
Radio Shack in 4%; and Commodore in 4%.
Macintosh operating systems are found in 4% of the
schools. (p. 53)
Yet another problem is that the vast majority of schools

do not have anywhere near enough computers to permit
wide use of hypermedia. In fact, Ely (1993) goes on to
report that fully one third of schools in the U.S. still have
more than 45 students for each computer, while only 10%
have 1 to 9 students per computer.

Another problem is that hardware and software configu-
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ration can be extremely complex and time-consuming, even
for those teachers with considerable techuical expertise.
Hypermedia and multimedia must be made much more
user-friendly before wide use will be practici...

So long as the above problems are widespread, it will
not be possible to bring hypermedia to more than a handful
of public school students.

Inservice and Proservice Training
This may be the most important topic of allin 1988, the

Office of Technology Assessment produced a report called
Power On (1988), in which they reported that training was a
major impediment to the computer achieving its educational
potential. The OTA is finishing up some new research, and
the preliminary results are equally discouraging.

They say that:
1. spending for inservice training has not kept up with

spending for hardware and software,
2. teachers continue to be poorly prepared to teach with

technology,
3. teachers-in-training see very little technology used in

their student teaching placements.
4. teachers-in-training seldom see their education professors

using technology in teaching,
5. faculty members in colleges of education don't have the

skills needed to use technology in teacher training,
6. there is a shortage of technology available in colleges of

education,
7. there is a critical shortage of technology inservice for

faculty in colleges of education. (NEAB, 1993)

We believe that curriculum integration in public schools
and in colleges of education is essential if we are to continue
to make progress. Teachers must stop relying only on
computer labs and start using technology in their rooms, and
education faculty must do the same thing. If technology
remains the exclusive province of one or two technology
experts in the college, then it will never achieve the status of
an important teaching and learning tool in teacher training
or in public schools.

Conclusion
We began this paper with a pessimistic quote from the

Educational Technology special issue on the worldwide
status of educational computing. We would like to end it
with several more optimistic quotations. Cavalier and
Reeves (1993), in summing up the entire issue, suggest that
"Dedicated efforts with limited hardware have produced
heroic results" (p. 8). They were speaking of efforts in other
countries, but we believe the same can be said of educa-
tional computing efforts in this country. Considering the
lack of sophisticated hardware and the state of research in

educational computing, practitioners have produced heroic
results. Research may not often show the true outcomes, but
we know there are places where these heroic efforts are
paying off. Ely (1993) sums up our feelings in another
quotation:

Where deliberate efforts have been made by mdi-

vidual teachers or by entire institutions one would
have to say that, in those circumstances, the teachers
and learners will never be the same again. They have
gained new skills, new perceptions of how to learn,
increased motivation, and renewed enthusiasm for
teaching and learning. (p. 55)
Although Cavalier and Reeves (1993) come to the

pessimistic conclusion that the goal of using computers to
improve the welfare of children is little realized in the
poorest or the wealthiest countries in the world, they go on
to sum up the motives of those of us who continue to be
interested in computer education. They say that despite the
overwhelming barriers "The dream of improving the lives
of children by providing them with the power to compute
persists" (p. 7)

It is that dream that unites us, and so long as we keep
that goal in mind, we are confident we will eventually
succeed in achieving it.
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Information Theory: A
Quantitative Approach to

Instruction
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In this paper, we present a brief introduction to informa-
tion theory and its mathematical tools. Also presented is a
mathematical procedure that provides the educational
researcher and/or instructional software developer with the
means to quantify the amount of information held in
specific textual material for any individual learner.

The importance of information theory, as it relates to
education, is embodied in the idea that while the initial
value of all information is absolute, its received value is
relative to the internal state of the learner. That is, the
information content is unique to each learner. If we view the
instructional process as the transference of information from
a transmitter (teacher, book, video, computer, etc.) to a
receiver (learner), we can use the tools der 'red from
information theory to quantify the v alue of the information
as it relates to each learner Thus, procedures derived from
information theory have value in developing individualized,
intelligent, instructional systems by providing educators
with a tool to quantify the value of meaningful information
as it pertains to individual learners. It gives us one more tool
to help the transition of formal education from a group
experience to an individualized event.

Background
Information theory has its roots in the derivation of

methods and procedures for the transference of information
via electrical means. The father of information theory,
Claude Shannon, established the field when he formulated
the fundamental laws of information theory. Shannon (1948,
1951) places information among the basic constituents of
the universe. Information is, in fact, measured as negative
entropy. Entropy in the physical world is defined by the
American Heritage Dictionary (1992) as "A measure of the
disorder or randomness in a closed system" or in terms of
information theory as "A measure of the loss of information
in a transmitted message."

Many other related definitions of information are given
in the literature (see, for example, Singh,1966;
Edwards,1964; Khinchin, 1957; Ash, 1965; Fuchs, 1971;
Frank, 1962; Guilbaud, 1959). But the definition that is
most appropriate for this paper is the definition given by
Shannon and Weaver (1969) where they say "Information is
a measure of one's freedom of choice when one selects a
message." This conveniently ties the definition of informa-
tion and its measurement directly together provici:ng
educators with the mathematical tools and experimental
procedures to accurately measure the information content of
a received informational message by a learner.

If we were to present a map of the moon to a learner
who knew nothing about the moon, the information content
of this map would be maximum for the learner. On the other
hand, if we were to present the same map to a moon
geographer, he would he would already know the informa-
tion on the map. To the moon geographer, the map contains
no new information. The information content for the moon
geographer is thus zero. Here we have the case where the
transmitted information (the map) is the same to both but
the received value is different. This difference is due to the

r-J
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internal condition of the receiver. We call this received
information sub jective information. That is, the received
information depends upon the internal (subjective) state of
the receiver, and it differs from one learner to the next. Thus
each and every learner has a different subjective state when
presented with information. Our problem then becomes one
of attempting to determine this unique subjective state of
each and every learner. As such, we are concerned with
answering two questions in this paper: What is information?
And how can we measure information?

Instruction-Learning Process
When we describe the instruction-learning process, we

are essentially describing a communication system.
Instruction and learning are two vital aspects of the educa-
tional process that depend upon the manipulation of three
activities: the input of meaningful information, the process-
ing of this information, and the output of meaningful
information. Because instruction is concerned with the
transference of information and learning is the act of or the
result of the information transfer, when we speak of an
instruction-learning system we are describing a conununica-
tion system. Typically a communication system consists of
the components and processes as shown in Figure 1
(Shannon and Weaver, 1969):

Information Source: The mechanism that selects a desired
message out of a set of possible messages.

Transmitter: Encodes the desired message
into a signal.

Channel: The medium through which the signal is
transmitted.

Receiver: Accepts and decodes the transmitted signal into
the message.

Destination: Interprets the message.
Noise: Unwanted additions imposed upon the message.

These additions can be either from an external source, an
internal source or combinations of the two. The effect of
noise is to change the meaning of the message.

The information source and transmitter represent the
teaching system, whether it be a live teacher, book, video,
computer or any other means of presenting information. The
receiver/destination is, of course, the learner. In between the
information source/transmitter and the receiver/destination
is the channel (medium) through which the information
flows. Imposed on all components of the system is noise.
Noise is an important feature because it can occur at any
location within the system. Two types of noise are identified
- external and internal. External noise is produced by
outside influences that decrease both the value and amount
of usable information. We are all familiar with the noisy
classroom, the neighbor's stereo, food odors from the
kitchen, telephones and a host of other external sights,
sounds, and sensations that have an effect upon both the
transmission and reception of the message. Internal noise
occurs from within the system itself. Most notably internal
noise is caused by feelings, emotions, pain, drugs, illness,
worries, frustrations and so forth. Noise is such an important
factor in an instructional-learning system that we might
couch learning and even intelligence in terms of the amount
of noise reduction we are able to produce in a human
system.

Concepts of Information Theory
Based upon the communication system shown in Figure

1, we can consider that messages are transmitted through the
system as a sequence of signals. The signals are embodied
in physical quanta, measurable phenomenon such as light,
electronic pulses, dots on a paper arranged as a picture,
printed images which we recognize as letters, materials that

- Information Source
2 - Transmitter

- Channel

4 - Receiuer
5 - Destination
6 - Noise

Figure 1. Communication System
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reflect various frequencies of light that result in color and so
on. These physical quanta have no value or meaning in
themselves. When the signals take on meaning, we call
them signs. When we group certain of these signs into
meaningful ensembles, or a set of signs, they then become
letters of the alphabet, words in a language, and pictures in a
story. Signs grouped together in ensembles are called
messages.

The more unexpected a message is the more subjective
information it contains. An unexpected message has a high
information content. To our learner studying the moon map,
the signs making up the map are almost totally unexpected
because he has never seen them before in the given context.
On the other hand, if the message is expected, we say the
information content is low or, more precisely, it approaches
zero. In other words information is a measure of the
uncertainty of a sign. The more uacertain the sign is, the
higher its information content.

Consider a simple two person game. Given the numbers
1, 2, 3, 4, 5, 6, 7, 8 one person selects a number and doesn't
tell the other. The second person tries to guess which
number has been picked, by asking a question. The objec-
tive is to guess the number with the fewest possible tries.
There are several methods the guessing person might use.
First, he could start with 1 and guess every number in
sequence until the correct number was guessed. The best
situation would occur if the first guess were right, in which
case the guesser would have to ask only one question. The
worst case would occur if 8 were the selected number with
the guesser asking seven questions. On the average we
would expect to achiew the correct answer in four guesses.

A second method might be to guess the numbers at
random. Again the best we could hope for would be one
guess, and the worst seven guesses. As in the previous
strategy we would expect, on the average, to achieve the
correct answer in four guesses.

A third method is to divide the group of numbers in half
and ask if the correct number is less than 5. Asking if the
selected number is greater than 4 would yield an identical
result. Let us say that the selected number is 2. The second
person begins by asking , "Is the selected number greater
than 4?" The answer given is "No." This tells the second
person that the number is either 1, 2, 3, or 4. Dividing this
group in half, he asks, "Is the selected number less than 3?"
The answer is "Yes." With the last question being, "Is the
numblt less than 2?" the selected number is correctly
guessed. In this case it takes, on the average, only three
questions to determine the correct answer, a noticeable
improvement over the previous strategies. In fact, it has
been shown that the optimum guessing strategy is to use this
type of halving procedure. This will in all cases result in the
fewest possible questions or guesses.

Now, let us double the size of the ensemble from eight
to sixteen numbers. How many guesses would it take to
determine the selected number? It would take four guesses
to arrive at the answer. Although we have doubled the size
of the ensemble of signs, we only need one more guess to
determine the correct answer.

This demonstrates that a relationship exists between the
size of the ensemble and the amount of uncertainty (infor-
mation) associated with it. From this we now need to state
this relationship in terms of a formula which we can use for
any ensemble size. Table 1 shows the ensemble size vs. the
number of questions required to guarantee a correct answer.
The ensemble size is denoted by N and the uncertainty of
the ensemble is represented by H

Table 1
Ensemble Size

Ensemble Size (N) Questions Asked (H)

1

2
4
8
16
32

2
3
4
5

The relationship between ensemble size (n) and the
number of questions asked (H) is expressed by:

(1) N=2"

Changing equation (1) to represent the degree of
uncertainty contained in the ensemble, which is our measure
of units of information per sign of the ensemble, is:

(2) H=log2N

To summarize, if we have an specific ensemble of 8
signs from which to choose, we have 1og28 = 3 bits of
information. If we have an ensemble of 32 signs, we have
1og232 = 5 bits of information.

Shannon's Guessing Procedure
The key to the above discussion is that each sign has an

equal probable chance of being accepted. However, this is
not the case for the English language or any language or any
other form of meaningful, information representation. The
English language is comprised of words (letters, signs) that
are arranged into stochastic ensembles. Because of this
stochastic dependency, the measurement of the amount of
information contained in a specific text cannot be accom-
plished by using a simple equation such as given in equation
(2). Fortunately, Claude Shannon (1951) derived a guessing
procedure for analyzing the syntactical information content
of meaningful texts. As such, his guessing procedure
provides us with the ability to calculate the subjective
information for any text for any specific learner.

Shannon's procedure requires the learner to guess the
letters of an ensemble letter by letter. After each guess, the
learner is told whether he is correct or not. If incorrect, the
learner guesses again until he guesses the correct letter, each
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time receiving feedback as to the correctness of the choice.
If the learner is correct, he moves on to the next letter and
repeats the process. The number of guesses required for
each letter are tabulated. Consider the followiag trivial
example:

Ensemble: Swiss Cheese Has Holes
Number of
guesses: 85241 1 732111 1 411 1 32111

The phrase is part of an instructional program that
teaches about cheese. At this juncture in the program the
learner is asked to guess the sequence of the ensemble letter
by letter according to Shannon's procedure. The first letter S
takes the learner 8 tries before he is correct, the second letter
W takes 5 guesses and so on until the phrase is completed.
Notice that when the learner has an idea of what the word is,
for example cheese, after guessing the first three letters it
only takes him one guess to get the next letter and one each
for the remaining two letters. The uncertainty is reduced to
zero and thus these signs contain no subjective information
for the learner.

From the number of guesses, it is quite easy to deter-
mine the numerical value of the information content of the
ensemble. We do this by adding the information value of the
signs as determined by Equation (2) such that the informa-
tion, measured in bits, of the given ensemble of length N=22
is:
H(Ensemble) = 1og28 + 1og25 + 1og22 + log24 + log21 +

log21+ log27 + 1og23 + log22 + log21 + log21 + log21 +
log21 log24 + log21 + log21 + log21 +
log23 + log22 + log21 + log21 + log21.

=3.00 + 2.32 + 1.00 + 2.00 + 0.00 + 0.00 +
2.81 + 1.58 + 1.00 + 0.00 + 0.00 + 0.00 + 0.00 +
2.00 + 0.00 + 0.00 + 0.00 +
1.58 + 1.00 + 0.00 + 0.00 + 0.00.

=18.29 bits

The next step is to divide H(Ensemble) by the number of
signs (N) in the ensemble. Here we have 22 signs including
the spaces between the words. This results in:

(3) H(Ensemble)/N = 18.29/22 = .83 bits/sign,

which is a quantified value of the information content of the
message for our hypothetical learner. If another learner had
made the guesses, the number would be higher or lower
depending upon what the learner knew.

Shannon (1951) derived a less trivial but more elegant
formula for the guessing procedure. It has been shown by
Frank (1962) to be a more accurate method than the simple
addition method above. It is equation (4) below:

(4) (Ensemble) = Nr (r ld(r) - (r-1) ld(r-1))

where: Nr=Absolute frequency which the

number r occurs in the guessing sequence of N
numbers.

ld = logarithm to the base 2: (log2r).

This procedure can be implemented in a computer
assisted instructional program or it can be used as a research
tool in determining the subjective information content of
various materials. It should be pointed out that the above
procedure can be also be used for guessing syllables, and for
guessing words as well as individual letters as shown above.
The results will be equivalent.

Experimental Models
As an example, one might be interested in determining

the amount of subjective information contain in a text for a
group of learners as a function of age, or in a specific
subject matter area. A typical situation would be to present
to the learner an instructional sequence of information rich
material - that is, new information that the learner is
expected to learn. Using the computer as a CAI presentation
device, the learner is presented with the information to be
learned. The learner begins by reading part of the text. After
several phrases or sentences, he is required to guess letter by
the letter the next six or so words. This procedure is
repeated several times until a reasonable sample of text has
been presented. The number of wrongly guessed signs
(letters or words) is accumulated by the computer software
and used as the data for formula (4). The guessing se-
quences may be preselected or selected at random by the
program. The information to be collected for each learner is:

a. The total length of the text of the guessing sequences.
h. The number of guesses for each sign (letter or word).

This information is then entered into a subroutine that
calculates the information content of the presented passage
for each learner. This information can then be used to
determine the next instructional sequence for the learner. If
the information content is high, a representation of the
material at a lower level might be considered. If the
information content is low, then the learner should be
moved forward to a higher level of information. Other
variants of this procedure may be used based upon the
researcher's goals.

An actual experimental study that used the guessing
procedure to empirically derive the subjective information
for the English language was done by Kauffman, Johnson
and Knight (1976). Learners were presented with textual
material relevant to the academic subject of information
science and news of the day. Using equation (4) to begin
with, the empirically derived equation is:

(5) H(text),=0.031X - 0.031

Where H(text)E = Subjective Information per
Text.
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X = Percentage of incorrectly guessed signs.

This simplifies to (See derivation in Kauffman, et al.,
1976):

(6) I = 3.1E

Where: I = the information in bits

E = the numbers of errors.

Thus one can determine the subjective information
content of a particular text by multiplying the number of
errors made in a guessing procedure by the constant 3.1.

It is interesting to note that a similar equation was
derived by Weltner (1973) for the German language. It is:

(7) H(text)g = 0.039X - 0.080
Where: H(text)E = Subjective Information per
Text.

X = Percentage of incorrectly guessed signs.

As can be seen, the German and English equations are
remarkably similar. This serves to confirm the validity of
the derived equations. However, because these equations
were empirically derived, they are dependent upon the time
in which they were deri ed. Thus, we would challenge the
reader to redo the experimental derivation, particularly for
the English language. Additionally, equations should be
derived for Spanish and other languages used in our schools.

Conclusion
The guessing prccedure presented is a means to quantify

the information content of specific textual information for
any given learner. Because the information varies from
learner, this procedure allows a direct evaluation of the
meaningfulness of any presented textual instructional
material relative to the internal state of the learner. We have
always known that the internal state of the learner is directly
related to his ability to process information in a meaningful
manner. We also know that certain subject matter is more
difficult than other subject matter independent of the
learner. These two factors, the internal state of learner and
the inherent difficulty factor of the material, are variables
that directly affect the efficiency and effectiveness of the
instruction-learning process. The information based
procedure outlined in this paper provides a direct means to
quantify these two variables with one measure. This allows
the educational researcher and/or instructional software
developer to build into systems of instruction, a quantifying
measure of the effectiveness of instniction.
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The Discourse of Change:
Technology and Schc ol

Reform

Robert Muffoletto
University of Northern Iowa

Technology and school reform is foremost about
education, the education of children who have real lives to
live and the about teachers and administrators who live and
work daily in a place called school. School reform and
technology is about parents, communities, and business. It
is also about symbols, illusions, dreams, fears, and hopes.
Education as a social institution is about all of the these and
none of these. Most of all it is about power, language, and
human interest.

Constructing and re-conitructing social institutions is a
social process. Schooling in the United States serves a
social purpose which is reflected in the symbolic and
institutional interactions, regulations, and controls over what
teachers, administrators, students do and think. Over the
last ninety years the use of various technological 'systems
have played a major role in both educational as well as
business practices. The purpose of this essay is to suggest
that a re-contextualizing of the current efforts in school
restructuring, one which is historical and social, will yield a
different agenda, and a different discourse from the current
one on technology, schooling, and change.

Currently two dominate discourses on technology exist
in education. The first, which is usually openly embraced as
progressive and innovative, is what I refer to as "Fox Fire
Technology." By this I mean the vision of technology as a
device that is used in a humanistic, democratic, learner
centered environment, controlled by students and teachers.
For example, schools using the Internet to connect teachers
and students from local and romote sites may promote
thinking about the world as a global interdependent
community where meaningful exchange of ideas, experi-
ences, and information can occur. It is a reflective peda-
gogy concerned not only with developing communication
skills, but for wizat is being communicated. Finally, a Fox
Fire Technology which values student's voices, the demo-
cratic process, and social equality, is an ideological dis-
course situated within a continuous struggle over different
ways of knowing, being and acting.

The second discourse on technology in education
centers on systems of control. It is a system which is
designed to control experiences, evaluation, dissemination
and delivery of curriculum. In a very real sense it, the
technology of instruction, becomes the curriculum. Form
becomes content. A technology of instruction is a style of
thought situated in logical positivism (Feenberg, 1991;
Mannheim, 1952; Muffoletto, 1991, 1993; Postman, 1992).
It is a technological discourse which has given education
programmed instruction, outcome-based education, and the
belief that measurable, regulated, and generalizable
experiences begin to define and correspond to excellence.
A technology of instruction is a systematic control of
educational experiences, their development and their
delivery. Technology in this form values educational
engineers over autonomous teachers (Heinich, 1985). It is a
ideological discourse situated within a social world that
needs to control in order to perceive benefit.

This essay addresses the second discourse, a technology
of systems, control, and benefit. I believe the Fox Fire
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X = Percentage of incorrectly guessed signs.

This simplifies to (See derivation in Kauffman, et al.,
1976):

(6) I = 3.1E

Where: I = the information in bits

E = the numbers of errors.

Thus one can determine the subjective information
content of a particular text by multiplying the number of
errors made in a guessing procedure by the constant 3.1.

It is interesting to note that a similar equation was
derived by Weltner (1973) for the German language. It is:

(7) H(%..xt)g = 0.039X - 0.080
Where: H(tex;)E = Subjective Information per
Text.

X = Percentage of incorrectly guessed signs.

As can be seen, the German and English equatios are
remarkably similar. This serves to confirm the va,liaity of
the derived equations. However, because theseiequations
were empirically derived, they are dependenttpon the time
in which they wve derived. Thus, we wouldchallenge the
reader to redo the experimental derivation(particularly for
the English language. Additionally, equations should be
derived for Spanish and other langulaps used in our schools.

Conclusion
The guessing procedure presented is a means to quantify

the information content of specific textual information for
any given learner. Because the information varies from
learner, this procedure alloWs a direct evaluation of the
meaningfulness of any presented textual instructional
material relative to the internal state of the learner. We have
always known that the internal state of the learner is directly
related to his ability td process information in a meaningful
manner. We also know that certain subject matter is more
difficult than other §ubject matter independent of the
learner. These two factors, the internal state of learner and
the inherent difficulty factor of the material, are variables
that directly affect the efficiency and effectiveness of the
instruction-learning process. The information based
procedure outlined in this paper provides a direct means to
quantify these two variables with one measure. This allows
the educational researcher and/or instructional software
developer to build into systems of instruction, a quantifying
measure of the effectiveness of instniction.
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Technology vision to be an illusionary discourse, one used
to camouflage the real power relationships in the current
debate over educational reform. It is a discourse that gains
it strength from the illusive ideological "we."

The history of American education has centered around
issues of control. Struggles and conflicts between opposing
philosophical, economic, and political interest have
provided the tapestry and the binding of American edifca-
tion (Kliebard, 1987, 1992). The school curriculum, as a
selected, organized, and delivered body of knowledge, has
been the focus of much debate throughout our history. The
curriculum, the "stuff' that teachers and educational media
deliver to children, as well as adults, not only provides the
material of thought, but also the structure or "style of
thought" itself (Mannheim, 1952; Salomon, 1979). The
school curriculum and its delivery has attempted to control
what teachers and students experience.

The curriculum effects "what" we think about as much
as "how" we think about it (Apple, 1982, 1993; Goodman,
1978; Popkewitz, 1991). How we think about what we
think has been the concern of dominate ideologies as well as
those marginalized and struggling. Public education, as a
social institution, has historically reflected the dominate
"ways of knowing." The contemporary school and its
modern day curriculum, caught up in the debate on change,
reform, restructuring and technology, reflect not only
visions, wishes, and concerns, but the interests of those who
control the discourse; what is said, who hears it, and who is
allowed to say it (Apple, 1979; Cherryholmes, 1988). The
same may be said about the current interest in computer
related hardware and software. How and why computers
are integrated into the daily life of the school may point
more accurately to issues related to the control of knowl-
edge and the work of teachers at the expense of democratic
practices.

Technology is not a collection of neutral devices or
machines. As a system, as a science, as a "manner or style"
of thinking about phenomenon, technology is not neutral
(Feenberg, 1991; Mumford, 1934; McLuhan, 1964;
Postman, 1992). As a style of thought technology defines
its own way of thinking and speaking about reality and
possible actions within it (Mannheim, 1952). Machines,
tools, and their uses are not value free, they embody the
culture of their time and the interest they serve. Technology
as a way of thinking and as a manner of behavior is a social
construct grounded in logical positivism, social control, and
system management. (Postman, 1992; Salomon, 1979).

From the tic of the first clock, which constructed and
defined notions of time and behavior, to the expert system
embodied within computer software and hardware, control
by the system and the illusive ideological "we" behind it,
has provided the fundamental thought steering technology
(Garson, 1988; Muffoletto, 1993) and our understanding of
ourselves and social reality (Rorty, 1991).

Technology and school restructuring is not simply a
manner of injecting various computer hardware and related
software into the practices of teachers. Technology as a
manner of thinking and acting values particular ways of
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knowing. Any change to social institutions creates new
horizons, new possibilities, and an extended language
through which to think about and legitimate the change
itself. Change as a social act benefits some and not others.
If technology, like society, is a social construct (Berger &
Luckmann. 1966), questions must emerge addressing who
benefits from change, what is lost and what is gained. To
consider then, the relationship between technology and
school reform as a discourse of change, is no simple matter.
Any discussion of change must be considered in light of
history and interest (Harbermas, 1968). The justifications,
the visions, and the benefits of change are situated within
that history, as a discourse of progress and innovation
(Besser, 1993).

Changes in educational horizons, polices, practices, and
ways of knowing, have been seen as solutions to problems
or gaps in the educational process. As Larry Cuban (1990)
has noted, these problems are actually conflicts over values
"that surface frequently as school issues get dealt with as a
series of reforms in structures, rules, staffing, and programs"
(p. 329). Change as a result of policy shifts and new
methods of instruction all too often have been termed as
innovative and have included within it's discourse notions
of progress as a technology of instruction and management
(Callahan, 1962; Kliebard, 1987; Saettler, 1968). Which is
simply restated as a discourse of control.

Even though the discourse on educational reform has
tried to clarify the social problems that were to be con-
fronted by the American public school, the dominate public
discourse has been reduced to a series of slogans and
generalities. The meanings of which are vague, situational,
historical, and political. Generalities and slogans like
"excellence in education", "global economics and interna-
tional competition", "community interest and control", "life
time learners", and "students as contributing citizens and
family members", emerge out of the discourses made by
special interest groups for political efficiency. Solutions to
such problems as dropping test scores, poorly or under
prepared workers for a changing working environment, and
a resistant and poorly educated teaching population, are
articulated in terms of the scientific management of
instructional and learning experiences; a technology of
instruction and institutional control. Simply put, it is a style
of thought which requires more control over the content,
procedure, and evaluation of educational experiences.

Though most reform literature refers to the social
enhancement of human beings, the real benefit appears to be
directed at needs of business and our national interest to
compete on a global scale. For example, found in the
SCANS REPORT (Department of Labor, 1991) are dis-
courses referring to progress, individuality, and productiv-
ity. General positions taken within the report calls for the
following: "All American high school students must
develop a new set of competencies and foundation skills if
they are to enjoy a productive, full, and satisfying life.. .
The qualities of high performance that today characterize
our most competitive companies must become the standard
for the vast majority of our companies.. . [and] . The
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nation's schools must be transformed into high-performance
organizations in their own right." (p. vi) It appears that the
authors of the SCANS REPORT envision a full and satisfy-
ing life brought about by high performance competitive
standards. We are told that in order to achieve that vision
and quality of life American education should model the
high productive standards and the institutional culture of
successful business. Theses are same businesses that are
striving to further regulate and organize the labor of blue
and white collar workers inside and outside our national
boundaries (Garson, 1988).

High performance industries need to control the
production process, the worker on the line or in the office.
A basic and historical miss-trust of the employee has led to
the increased need to control the labor process and product
outcomes. Through the development of advanced
Tayloresque "expert systems" the experiences and skills of
managers to front-line service workers are being system-
atized and controlled (Garson, 1988). In education,
curriculum design teams developed performance objectives,
teacher-safe materials, and standardized methods and
evaluations. Under the guise of national standards and
evaluations the issue of control over the curriculum, its
delivery, and its evaluation is paramount. Portfolios, which
were initially viewed as a reply to the standardized and
regulated student evaluation process, are not immune from
attempts to regulate and control how they are understood
and used on a functional and symbolic level. In an effort to
control the process, the qualitative nature of portfolios is
being quantified and standardized.

Like business, education strives to replace outdated
techniques, inefficient methods, and lazy or unproductive
workers (teachers). In controlling the outcome expectations
for students, the system controls the form and process of the
curriculum. As long as scores provide the measure for the
effectiveness and quality of our schools, and the ability of
teachers to teach, teachers will teach to the pre-determined
outcomes.

High production standards, efficiency, productivity, and
control over the learning and teaching environment are off
shoots of the human engineering movement which has been
promoted as being successful in industrial and post-
industrial industries. Popkewitz (1991) points out to us that
"Common to most efforts of reformers is the belief that the
problems and solutions to schooling lie in the scientific
management of its environment. Educators see scientific
management, and its offshoot, human engineering .. . as a
plausible way to deal with social problems, such as those
found in schools. Scientific management, it is believed,
provides a rational and efficient scheme for manipulating
the school environment to achieve desired outcomes." (p.5)
The history of education in the United States supports that
very notion. From the promotion of scientific management
techniques as a solution to educational problems at the turn
of the century, to the infusion of programmed instruction
and instructional television of the sixties, the back to the
basics of the seventies, to the language and models of
business in the eighties and nineties (especially through the

current interest in total quality management, expert systems,
and outcome based education), supporters of bureaucratic
and technocratic systems of thought have argued for more
control over the schooling experience. Educational
engineers if allowed will change what and how we think
about teacher education, the work of teachers and the
teaching-learning process (Heinich, 1985; Apple, 1982,
1993).

Rational for this type of intervention into the teaching
and learning process has been built upon the constructed
perception of ineffective, ill prepared teachers and failing
schools that are unable to meet the needs of children and our
changing society as they experience changing economic and
social structures. Schools for the twenty-first century, we
are told, will have to meet the challenge of the information
society. Schools must be held accountable for producing
citizens who are productive and will contribute to our
society.

If schools can be held accountable, they can be con-
trolled. For example, in America 2000 (Bush, 1991) we are
informed that "As a nation, we now invest more in educa-
tion than in defense. But the results have not improved, and
we're not coming close to our potential or what is needed."
(p. 9) In the area of accountability the report suggests that
"tests will be designed to foster good teaching and learning
as well as to monitor student progress." (p. 13) School
report cards will "provide clear (and comparable) public
information on how schools, school districts, and states are
doing, as well as the entire nation." (p. 14) Controlling the
outcome, pre-determined ways of knowing, will control the
how and the what is taught.

America 2000 calls for setting national goals, outcomes,
and report cards. Teachers are to be given the control over
the process by which the students arrive at the predeter-
mined destination. The relationship between process and
ends is clearly demonstrated in this document. "The
American Achievement Test will examine the results of
education. The test have nothing to say about how those
results are produced, what teachers do in class from one day
to the next, what instructional materials are chosen or what
lesson plans are followed. The tests should result in less
regulation of the means of education, because they focus
exclusively on the ends." (p. 32) It is precisely this focus on
the ends and not the means that points to a concern. If
schools are to publish their test results as part of a regional,
state, or federal report card, and public funding and support
is seen as emerging from the results posted, teachers will
teach to the test. Given the test, the means will follow. This
may be especially true in conununities that historically have
not received high test scores.

Teachers, knowing that others see the test scores as
reflective of their abilities to teach will spend most of their
time and resources in meeting the needs of the test. If
teachers are to turn around the public image of their
profession and wish to compete for proposed merit pay
increases their students and their school will need to do
well.

Those who can do, do. Those that can not, teach. The
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public, mass-mediated image of the American teacher since
World War Two has not been favorable. An analysis of
film and television programs about the schooling experience
usually positions the common teacher as non-effective,
hopeless, or not very qualified. Consider for a moment
films like "Black Board Jungle", "Teachers", "Stand and
Deliver", and "Dead Poets Society", and you will find
within them a gray portrait of the American teacher and the
schools they work in. National reports, the mass media, and
standardized tests all support the notion that a great part of
the problem facing effective schooling is the teacher. As a
result the profession has moved towards more layers of
credentials and testing.

The language used to describe what a teacher is also
defines how we "think" about what she or he does. Chang-
ing the professional role of teachers through "teacher-safe-
materials", distant education, outcome based education, or
as managers or facilitators of the curriculum points to a
historically rooted distrust of, and an attempt to deskill
teachers as autonomous, creative, reflective, and responsible
professionals. Within changing definitions of what it means
to practice the teaching profession, technology hardware
in the form of computer related devices, software that not
only delivers but also evaluates the learner and are aligned
with the test, and more sophisticated design systems as a
systems design offers the potential of more centralized
control of the teaching-learning process. Peeling away the
idealized vision and possibilities of a "Fox Fire" use of
computers, one finds a system which regulates, controls and
centralizes control in education.

School reform, and historically schools have always
been reforming, have been founded upon principals of
rationalism :aid technobureaucratic control (Muffoletto,
1988). The current interest in educational restructuring is no
different.

As echoed in the document entitled World-Class
Schools: The Iowa Initiative (1991) the purpose of educa-
tion is to have a world-class system that "will equip students
to live, work and compete as successful citizens in a global
society." (p. 5) The document further suggests that its new
vision for world-class education must be based upon
knowledge that can be defined and measured. The role of
staff members and educators (the document creates the
difference) will be to create environments that help students
meet outcome standards. It is interesting to note that the
Iowa Business mundtable calls for the replacement of the
current "authoritarian system of managing education" (p. 7)
with a site-based and shared decision making model.
Teachers and administrators in a newly defined participa-
tory model will be expected to address the processes by
which the previously identified body of knowledge will be
delivered. The knowledge that teachers will deliver, and
that students will learn, will be pre-determined by the test.
The process, not the content and its form, will be left up to
the teacher. The same teacher who is expected, in addition
to what she or he does already on a day to day bases in the
classroom, to work with portfolios, understand and contrib-
ute to the management of their school, develop stronger

networks with parents and business, use the Internet, and to
be an excited user of hardware and software.

The Iowa document also calls for the punishment of
schools and teachers that do not meet predefined expecta-
tions. A guiding principle to the Iowa school improvement'
document states that "Successful schools, judged on the
improvement of student achievement, should be rewarded,
unsuccessful schools should be helped to improve and
consistently inferior schools should be penalized." (p. 7)
(The form of reward or punishment was not identified.) The
report also recommends that rewards and punishments
should "justify the substantial additional investment of Iowa
funds in education." (p. 13) Besides financial support,
punishments and rewards may cause a further "loss of faith"
in public education. Parents, informed by experts, that test
scores are an indicator of school quality may, if they are
able to, place their children in what are perceived as more
successful private schools. Public schools that need the
most in financial assistance, parent and community support,
could possibly lose the most. The children and parents who
need a quality education program the most will possibly
receive the least. In a funding system that is primarily based
upon property taxes and the passage of local funding
initiatives, the system keeps giving to those who already
have (Apple, 1979; Kozol, 1991).

The Iowa report echoes the America 2000 report in that
it values and calls for control of outcomes. If students do
not meet the expectations of the "ideological we", concerns
over process and its delivery are called into question, not the
expectations.

Finally the Iowa initiative addresses technology.
Technology use here does not refer to the open-ended,
humanities centered possibilities, but to the enhancement
and efficiency of the "delivery of advanced level courses,
staff development, assessment, data collection and analysis,
administration and instructional materials." (p. 16) Since
the curriculum is set by the test, the efficient delivery by
various hardware and software not only changes the
definition and role of the teacher, but defines the epistemo-
logical horizon as well. Expert systems, as delivery systems
of instruction, may work well and appear to be effective,
until we have no experts left (Garson, 1988).

Conclusion
Understanding technology and school reform as a

discourse of change is a complex matter. As I have
suggested, the fust challenge is to unpack the language and
context of resuucturing used by policy makers and various
change agents that create the context for legitimizing
change. The second challenge is to situate the discourse on
technology and school reform within a broader social,
political history. When thinking about school change we
need to consider from what frame of mind change is called
for and what are its implications for the lives of real people?
The role of technology in educational change will not be
approached from a hardware or device level, but one from a
technocratic, technological, and scientific perspective
(Popkewitz, 1982). Understanding the role of science in a
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technology of human control is critical for our understand-
ing of schooling in a post-industrial, information based
society.

Unpacking the historical and current interest and
movements in educational reform is no simple task
(Muffoletto and Knupfer, 1993; Popkewitz & Shutkin,
1993). Understanding reality as a social construction is no
simple matter (Goodman, 1978). But, if we are to consider
what it means to re-think the schooling experience, we also
need to consider why we are asking the question in the first
place, and "who" is the ideological "we" that "we" so often
hear about (Cuban, 1990; Muffoletto, 1991).
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Virtual reality is an exciting new technology that uses
the computer to create artificial environments. It is expected
that in the future, these artificial environments will become
so real that you will almost believe that you are in the
environment. The purpose of this paper is to provide
professionals interested in the systematic design of instruc-
tion with a brief overview of virtual reality and how it will
impact on the process of instructional design. Some other
terms used to describe virtual reality include artificial
reality, synthetic environments, and information design
(Haywood, 1993).

In his science fiction classic Neuromancer (1984),
William Gibson describes a world that existed only as
information. Gibson's world was a consensual hallucination
that people could jack into at will. This world was so real
that a person entering it would (assisted by psycho-active
drugs, psycho-surgery, and other things we do not recom-
mend) perceive it as real. The term Gibson coined to
describe the world, cyberspace, is in common usage today.
For example, there are cyberspace worlds currently on the
Internet. Although text based, these worlds provide an
electronic representation of cities, workplaces and fantasy
worlds. In the not too distant future, it seems certain that
many of these text based worlds will be =stormed into
true virtual reality environments with all the interactive tools
needed to navigate through them. For anyone interested in
the possibility of technology enhanced learning, they should
investigate these primitive worlds that exist in today's
cyberspace. They are the precursors of the virtual reality
worlds of tomorrow.

Information Design
We use the term information design to describe the

process of creating the virtual learning worlds of the future.
Because there are no physical limitations in cyberspace, the
information designer will be free to create worlds that the
user can explore at will. In a virtual reality world, discovery
is not just learning-by-doing as characterized by Dewey but
doing-is-learning (Rheingold, 1991). Thus, it will be the
task of the information designer to create environments that
require the learned to solve real problems as he navigates
his way through the artificially created microworld. This
will allow learning to become more meaningful by involv-
ing the whole body in the process (Krueger, 1991).

Imagine exploring a foreign culture created by an
information designer. The learner becomes so totally
immersed in the language and behavior of the culture that he
almost believes that he is there. Learners can explore the
museums and government centers, and learn about the
culture almost first hand. Using virtual reality, information
designer's can create cultures from past history or, if
needed, cultures that never existed. Cyberspace learners will
have all of the advantages of foreign travel from the
comfort, safety, and convenience of their home or class-
room.

With the help of an information designer, science
students can perform experiments in safe virtual laboratories
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equipped with limitless virtual equipment. This will allow
students to perform experiments that are too expensive and/
or too dangerous to do now. One can easily imagine the
advantages of studying physics with Einstein or astronomy
with Carl Sagan. In a cyberspace laboratory, the experi-
ments need not be bound to any specific laws of physics.
chemistry or biology. Virtual reality gives to information
designers the ability to create worlds that would allow
learners to explore Mars, travel to the stars, or dive to the
depths of the ocean. It is easy to see cyberspace learning
environments in virtually every subject area.

The instructional design process has already been
significantly influenced by the emergence of computer
technology. For example, in traditional instructional design
paradigms, great emphasis is placed on sequencing instruc-
tion. This sequence is determined by an expert instructional
designer and is generally based upon contemporary learning
theory. The development of hypermedia, multimedia, and
computer simulations forces us to think of new paradigms
that do not rely on sequential learning. Rather than specify-
ing a step-by-step learning sequence in which the learner
must discover correct answers, instructional designers can
place the learner into a world created inside the computer.
Learners placed in these microworlds can engage in genuine
problem solving activities. In these types of learning
environment, there may not be a single correct answer or
method of solving problems. Simulation like Sim City have
shown that you can learn much more about cities by
engaging in problem solving activities than by memorizing
facts about how cities work. Making decisions, isather than
choosing the right answer, makes you a successfu! learner.
Educators generally agree that engaging learners in problem
solving activities can lead to effective learning (Prawat,
1993). Virtual reality promises to take computer simula-

tions, hypermedia, and multimedia a giant step further.

Overview of Virtual Reality
Assuming that the trend toward lower-cost, higher-

power computers continues, computers will soon possess
sufficient power to create such rich artificial environments
that it may be difficult, even almost impossible, to distin-
guish it from "real reality." Today's virtual reality systems
are primitive, and no one in today's cyberspace worlds
would be likely to be fooled into thinking it was real.
Figure 1 compares.the amount of overlap between a virtual
world and the real world. The figure shows that today's
virtual reality and the real world only slightly 'overlap. In the
ultimate virtual reality system, the overlap will be greatly
increased. It is easy to believe that in the near future, the
situation will be closer to the ultimate virtual reality
systems.

Although today's systems are not very advanced, they
are based on the same four ess, ntial principles that, as they
evolve, will become the basis ft r the systems of the future.
These principles are called viewi oint, navigation, manipula-
tion, and immersion. Belo AI is a b ief explanation of these
principles.

Viewpoint refers to the point of iew or perspective of
the learner. In traditional simulations, the learner is basically
watching the situation from the outside, as if on television.
In cyberspace, the world is perceived from the learner's
point of view. Some of today's systems attempt to accom-
plish this by simply displaying the point of view on the
monitor. No matter how good your monitor is, you are still
outside the world. More sophisticated systems use input
devices called head mounted displays (ILMD's) that allow
the computer to direct separate images to each of the
learner's eyes, simulating three-dimensional vision (Lavroff,

Virtual Reality
"Real Reality"
(being there)

Current "State-of-the-art"

Virtual Reality
"Real Reality"
(being there)

Ultimate VR System

Figure I . Current VR Systems vesus "Ultimate" VR,
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1992).
There are several models of HMD's currently available.

The Eye Phone, manufactured by VPL Research, is perhaps
the best known of these devices. The view provides a 100
degree perspective, which approaches a normal point of
view. While the Eye Phone is designed specifically for
virtual reality applications, it is fairly clumsy, weighing over
two pounds. The Cyberface U (LEEP Technologies) is
based on technology that utilizes a special camera to take
three-dimensional pictures. It's color liquid crystal display
functions in a similar manner as the Eye Phone, but provides
a 50% greater field of vision. There are also some cheaper,
less sophisticated systems available including the Flight
Helmet (Virtual Research) and the Binocular Omni Oriented
Monitor (BOOM) from Fake Space Laboratories (Harlin,
1993). While the resolution and speed of these systems
couldn't fool you into thinking you are in the simulation,
future systems, driven by increased computer power and
speed, will enhance the learner's perception of themselves
as being inside the world. Head mounted displays can also
act as input devices, telling the computer when the learner is
turning her head. As in the real world, when the learner in
cyberspace moves her head to a new position, the point of
view changes.

Navigating a cyberspace world presents some unique
problems. The most intuitive way of moving in a virtual
world, walking, is simply not practical. Having people who
are blinded to the real world walking around in a small
space seems dangerous, if not foolish. Simple systems, like
the ones that display the viewpoint on the monitor, often use
a joystick to allow the user to communicate the direction she
wishes to move. However, joysticks are only capable of
moving in only four direction: forwards, backwards, left, or
right. This makes it a poor simulation of moving through a
world. Higher end systems use devices that attach to the
user's body and directly feed responses into the computer.
Input devices like data gloves provide the computer system
with the ability to react to learner's movements allowing her
to navigate by pointing in the direction she wants to move
(Hamit, 1993).

Another central principle of virtual reality is manipula-
tion. The most direct method of manipulating an object in a
cyberspace world would be to reach out and grab it with a
virtual hand. It seems obvious that a properly constructed
data glove would be a natural way to control this virtual
hand. The movements of the users hand can be directly
mapped onto the virtual hand. As the user moves her hand,

the virtual hand responds instantly (Hamit, 1993). This is
not quite as easy to accomplish as it might seem. The
movements of the human hand are extremely complex and
subtle, and processing these movements and translating
them into the virtual world in real time takes more comput-
ing power than is currently available. Even if it were
possible to do it, it would still fall far short of reality.

Data gloves, combined with HMD's, only provide the

user with visual feedback on the effects of her movements
in the virtual world. When humans manipulate objects in the

real world, they depend on other forms of feedback includ-

408

ing temperature, pressure, balance, and many others. The
fact that it is possible to design devices that successfully
simulate these forms of sensory feedback can be seen by
visiting Disney World, Universal Studios, or your local
video arcade. In the future, it may even be possible to design
systems that directly stimulate the neuroreceptors in the
human body. These systems may have the ability to directly
stimulate the sense of touch, balance, smell, taste, and so
forth. This form of direct feedback will lead even further
into total immersion into the cyberspace world. While this
vision may seem to confirm Gibson's worst scenario, it is
important to consider the possibilities. We must engage in a
dialog into the ethics of the technology before it is devel-
oped.

Immersion, the final aspect of cyberspace, is of special
interest to educators. While everyone has seen how im-
mersed children (and even adults) can become in computer
simulations and games, virtual reality systems are even
more involving. Because the learner perceives the world
from his own point of view and can navigate and manipu-
late the world, the learner's level of immersion is increased.
The degree of immersion that is desirable is another ethical
and psychological question that needs to be considered.

Implications of Cyberspace for
Information Designers

Because the process of developing a virtual world is
similar to the steps in the instructional design process, we
believe that instructional designers will make excellent
information designers. The nine steps involved in creating
virtual worlds include feasibility, planning, management,
design, development, pilot, testing and quality control,
implementation, and evaluation (Haywood, 1993). Most of
these steps have direct analogues in the instructional design
process. While the terms may differ, the processes in the
instructional and information design paradigms are similar.

The first step, determining the feasibility ol a project, is
similar to a needs assessment. In this phase the need for the
project is assessed, as well as costs and other possible
constraints. This cost/benefit analysis is common to both
paradigms. The project planning and project management
phases in designing virtual worlds are somewhat unique. In
these phases certain technology related issues, including the
selection of hardware and software, must be resolved. If the
virtual world is expected to be large, the question of staffing
must also be addressed.

The design of the virtual learning world must, like other
types of instruction, be based on performance objectives.
These objectives are used to develop the specifications for
creating the virtual world. It is during the creation of the
virtual world that the information designer must possess
skills not usually needed by an instructional designer.
Information designers must possess a deep understanding of
technology and learning theory and how they relate to each
other. During this phase, an instructional designer spends a
good deal of time determining the instructional sequence.
We believe that this linear approach to learning is outmoded
and does not represent the best way to learn. The task of the
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information designer is far more complex. The designer
must create a world in which the learner determines what he
is going to do and when he is going to do it. Somehow, after
this virtual experience, the learner is expected to have
mastered performance objectives. New paradigms of
nonlinear instruction and assessment ....are needeti to deter-
mine how this might be accomplished.

Once a prototype of the world is developed, it must be
thoroughly piloted and tested. This step, called formative
evaluation in the instructional design process, is needed to
determine if the instruction is effective. The results of this
step are used to improve the instniction. It is only at this
point that we are ready to implement and distribute the
product. As developers of the project, we will still want to
conduct summative evaluation.

It seems obvious that the virtual world development
process and the instructional design process are almost
identical. It is time for those instructional designer's
interested in the potential of virtual reality and cyberspace to
begin experiment with it.

Conclusion
The level of involvement provided in cyberspace

promises to radically reform not only the way we teach, but
also what we teach. Although this technology will provide
educators with unbounded opportunities, it remains to be
seen whether educators will seize them. The educational
establishment is conservative and tends to change slowly (a
fact we are painfully reminded of whenever we visit a
school's computer laboratory equipped with 64k Apple
II's). Some school districts have done such a poor job of
using the current, rather modestly priced technology, that
we are sometime pessimistic.

On May 9, 1991 at a Senate subcommittee meeting the
then Senator Albert Gore asked a representative of VPL, a
virtual reality company, about the educational implications
of virtual reality. The representative replied that the
company had indeed looked into the viability of products
for the educational market. He reported that "..we simply
could not identify a market for this" (Hamit, 1993).

It is essential that teacher educators interested in the
potential of technology for developing learning systems
familiarize themselves with the concepts concerning
cyberspace and virtual reality. If indeed education is to
move into the 21st Century, we as teacher educators must
become information designers.
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Hypertext as A Theoretical
& Practical Tool:

The TIP Project

Greg Kearsley
George Washington University

4

The The(,ry Into Practice (TIP) project involves the
development of a hypertext database for theories of learning
and instruction. The database contains descriptions of 48
theories which are linked to 18 major concepts and 18 task/
content domains (see Tables 1 and 2). Each theory descrip-
tion includes the following sections: overview, scope/
application, example, principles, and references. Relation-
ships between theories are identified by highlighted text
within articles. These relationships can be connections
between specific theories or to concepts that underly a
number of theories. The theories are indexed in a number of
ways including content domain, type of learning and task
characteristics.

The TIP database was primarily developed to make
theories of learning and instruction more accessible to
educators. Despite the wealth of theory available, practitio-
ners seldom make use of it in their teaching activities and
the design of curriculum. When asked why, most teachers
and trainers explain that they find it difficult to identify
which theories apply to the specific task or subject matter
they are teaching. Since there are hundreds of theories,
many of which are very extensive, it is not surprising that
practitioners find it hard to isolate principles or findings that
might pertain to their current teaching concerns. The point
of the TT project was to investigate whether a hypertext
database would make it easier for educators to find and use
learning/instructional theory.

A major challenge in the project was to determine which
theories to include (and exclude) from the database.
Theories were selected for inclusion based upon their
relevance to human learning and instruction (particularly
adult learning). All theories come from published literature
(English language only). Theories that focus on animal
learning, neuropsychology, learning disabilities or teaching
stategies are not included. The database also does not
include theories of learning that have limited scientific
support or are primarily philosophical in nature (e.g.,
Dewey, Frerie, Mich, Polanyi).

In cases where there are a number of researchers
associated with a theoretical framework, the version
associated with the originator or most prominent researcher
is presented. The descriptions of theories provided in the
database, including the examples and principles, were
developed from the analysis of secondzry sources as well as
the primary works of the theorists. Furbermore, the
descriptions present theories at a particular stage of develop-
ment, usually their most well-known or recent form. Since
almost all of the theories included in the database are
substantial, the brief summaries provided only outline the
basic ideas and implications.

While no formal evaluations of the effectiveness of TT
have been completed yet, the program has been used
extensively by graduate students and researchers in educa-
tion. Based upon the feedback provided, the program does
help people find information ea. ily about learning and
instructional theories relevant to their interests. However, in
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Table I
Theories of Learning & Instruction Included in the TIP Database

Anderson, J.R.
Argyris, C.
Atkinson, R.
Ausubel, D.P.
Bandura, A.
Bruner, J.
Card, Moran & Newell
Carroll, J.M.
Craik & Lockhart
Cronbach & Snow
Cross, P.
De Bono, E.
Estes, W.
Festinger, L.
Gagne, R.M.
Gardner, H.
Gibson, J.J.
Guilford, J.P.
Guthrie, E.
Hull, C.L.
Knowles, M.
Landa, L.
Lave, J.
Mager, R.
Maltzman, I.
Merrill, M.D.
Miller, Galanter, & Pribram
Newell, A.
Newell & Simon
Norman, D.A.
Pask, G.
Pavio, A.
Piaget, J.
Reigeluth, C.
Rogers, C.
Salomon, G.
Scandura, J.
Schank, R.
Schoenfeld, A.
Skinner, B.F.
Spiro, R.
Sternberg, R.J.
Sticht, T.
Thorndike, E.L.
Tolman, E.
VanLehn, K.
Vygotsky, L.S.
Wertheimer, M.

ACT*
double loop theory
mathematical theory
subsumption theory
social learning theory
constructivism
GOMS
minimalism
levels of processing
aptitude-treatment interaction
adult learning
lateral thinking
stimulus sampling theory
cognitive dissonance theory
conditions of learning
multiple intelligences
information pickup theory
structure of intellect
contiguity
drive reduction theory
andragogy
algo-heuristic theory
situated learning
criterion referenced instruction
originality
component display theory
information processing
SOAR
General Problem Solver (GPS)
modes of learning
conversation theory
dual coding theory
genetic epistemology
elaboration theory
experiential theory
symbol systems
structural learning
script theory
mathematical problem-solving
operant conditioning
cognitive flexibility theory
triarchic theory
functional context
connectionism
signhignificate theory
repair theory
social development
gestalt theory

390 Technology and Teacher Education Annual 1994

4: I



Table 2
Concepts and Learning Domains in the TIP Database

Concepts Domains

Anxiety
Arousal
Attention
Attitudes
Cognitive/Learning Styles
Creativity
Feedback/Reinforcement
Imagery
Intelligence
Learning Strategies
Memory
Mental Models
Metacognition
Motivation
Productions
Schema
Sequencing of Instruction
Transfer

Aviation
Computers
Concepts
Decision Making
Engineering
Language
Management
Mathematics
Medicine
Military
Perception
Problem Solving
Procedures
Reading
Reasoning
Sales
Sensory-Motor
Troubleshooting

almost all cases, the database does not contain detailed
enough information to be really useful. While more detail
could be provided from the literature, in many cases, the
kind of application-specific connections have not been
described. Most theories have only been applied to one or
two domains of practice (if at all). Furthermore, the theorists
themselves would need to be consulted since valid infer-
ences could not be made on the basis of the existing
literature.

While the primary purpose of the TIP database is to help
educators apply learning and instructional theory to actual
teaching and training settings, it allows a number of
interesting metatheoretical questions to be examined. For
example, an analysis of the link densities among theories,
concepts, and domains reveals that the connections between
theories and concepts or domains are strong but the
connections among theories themselves are weak. This
suggests that major theories of learning and instruction have
much less commonality than might be supposed (except by
virtue of shared concepts such as schema, feedback,
transfer, etc.). Theories tend to be self-contained in terms of
their conceptual basis, empirical support, or applications.

An analysis of the connections among the principles
derived for each theory resulted in 13 categories of theory
(see Table 3). The theories within a category share a
common focus and assumptions. Of course, some theories
could be placed in more than one category which
establishes links across the categories. Principles from
different categories of theories tend to be complementary
rather than contradictions; they provide explanations at

multiple levels or dimensions.
The TIP project has demonstrated the use of hypertext

for metatheoretical analysis of learning/instructional
theories. By examining the nature of the links in the
database, it is possible to determine the degree of connect-
edness among theories, concepts and domains. However,
there are many methodological concerns having to do with
definition of links and the characteristics of the database.
Development of hypertext databases for other theoretical
domains using different hypertext systems would help to
refine the methodology and further demonstrate the value of
this technology.

Of particular interest would be the exploration of
multimedia databases instead of just textual information.
The inclusion of diagrams, graphs, photographs, animations,
audio recordings, and video sequences would add new
dimensions to the presentation of a theory. For example, one
can imagine audio or videotaped interviews in which
theorists explain the details of their own theories or provide
critiques of other theories Diagrams and animations could
convey theoretical ideas that are difficult to express in
words. Unfortunately, very little information of this type
exists at present for theories of learning and instruction.

Also of interest is the availability of graphical browsers
that would help users to visualize the relationships among
ideas. A graphical browser displays links in visual form
which makes it easier to see the pattern of connections.
Some hypertext systems allow links to be categorized so
that subsets of links matching specified attributes can be
displayed. In the case of a theoretical database, links could
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Table 3
Categories of Theories in TIP Database According to Common Principles

Adult Learning
Social Learning
Situational/Content
Constructivist
Procedural
Structural
Instructional Events
Relationship
Problem-solving
Coding
Individual Difference
Semantic
Response

Cross, Knowles, Argyris, Rogers
Bandura, Vygotsky
Spiro, Sticht, Lave
Bruner, Ausubel, Carroll
Card, Moran & Newell, VanLehn
Piaget, Scandura, Landa, Riegeluth, Pask
Gagne, Merrill, Mager, Atkinson
Wertheimer, Gibson, DeBono
Newell & Simon, Newell, Schoenfeld, Tolman
Miller, Craik & Lockhart, Paivio, Salomon
Cronbach & Snow, Gardner, Guilford, Sternberg
Anderson, Rumelhart & Norman, Schank, Festinger
Guthrie, Thorndike, Hull. Skinner, Estes

be typed according to the specific components (e.g.,
application, example, supporting research, principles, etc.)
so that very focused relationships could be identified.
Alternatively, typed links would allow the nature or strength
of the connection between two items to be specified.

Clearly hypertext opens up many interesting new
possibilities for metatheoretical analysis depending upon the
nature of the theoretical database and the capabilities of the
hypertext system. We believe this use of hypertext/
hypermedia will become an important tool for teaching and
research in all disciplines. The TIP project represents a very
small beginning in this area.

Notes:
I.This work was originally done under the sponsorship of

the Army Research Institute through the National
Research Council Associate program, and was done in
collaboration with Robert J. Seidel and Ok-Choon Park.

2. The 11P database is implemented in Hyperties for MS-
DOS computers and HyperCard for the Apple
Macintosh. Both versions of the program are now
available commercially from Wadsworth Publishing Co.

Greg Kearsley, Department of Educational Leadership,
George Washington University, Washington, DC 20052.
Internet: kearsley@gwuvm.gwu.edu
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Toward a Theory of
Educational Technology

Dale C. P. Howard
Athabasca University

Athabasca, AB, Candaa

I watched her from a distance. She sat there hunched,
her hands wracked with palsy, slowly locating each key.
Her head would raise, chin caulked excessively toward the
ceiling, as she reviewed the results of each click A line was
beginning to appear at perfect right angles to a series of
vertical lines she had managed to produce on the computer
screen during the past half hour.

"What are you making," I asked.
Her slurred reply was difficult to understand, but over

time I had acquired an ear.
"A calendar," she answered
Betty was a victim of cerebral palsy. This simple matrix

she was creating, using a computer programming language,
had allowed Betty to demonstrate both motor and math-
ematical expression, for Betty an expression of understand-
ing she was often forced to hold solely within. Like many
others in her classroom, she was "experiencing" educa-
tional technology.

Einstein once said, "God does not play dice with the
universe." (cited in Lederman, 1993). These few words
reveal a theory, a theory that the universe is purposeful and
ordered. To understand the universe one investigates and
uncovers its purpose and its order. Yet as logical, reason-
able, useful, respected, and comforting such a theory may
be, it is but a point of view founded in certain presupposi-
tions. Another frame of reference, one couched in a view
that all is chance and coincidence, may compel the scientist
to theorize differently, to describe the universe as random
and chaotic, our very existence a fluke.

In the same way theories of classical and quantum
physics are founded in fundamental questions of material
origin, social science and human science theory rest in a
similar quest for answers to questions of ontology, episte-
mology, and axiology. These are the age old queries that
account for the various disciplines of study and the multiple
streams of thought ("isms") within disciplines. It is in these
chapters of philosophy, psychology, sociology, anthropol-
ogy, political science, and other such schools of thought that
we find many of the traditional and contemporary ideas the
field of education borrows and incorporates into answering
its own questions.

What is the nature of knowledge? Is it absolute?
Relative? Is it received through divine revelation, intuition,
or through the senses? Tiuough reason? Is it constructed
out of experience? One might be tempted to say all of the
above, and move on. In education, partially because of our
interdisciplinary dependence, we tend to be pluralists, and
do just that. Herein lies the problem. Even pluralism is a
philosophic position, albeit often a schizophrenic one. As
educators, we are in the "knowledge business," yet often
unaware of the intellectual historicity ever present in the
questions we ask and the answers we are willing to accept.
Our theories are a product of our philosophies and our
practices a product of our theories. Therefore examination
of theory and practice should begin at the beginning, in our
presuppositions.
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What does this have to do with Betty and her experience
of educational technology? This paper argues that a more
thorough understanding of educational technology, and of
students' educational experiences with educational technol-
ogy, begins with a position on technology. Even as unlikely
a candidate as educational technology may appear to be for
philosophic scrutiny, our understanding of the influence and
impact technology has on students may be examined from
very fundamentally different points of view. If we see
educational technology as only tools used and directed
through the intentions of a teacher, we may be satisfied with
understanding educational technology through the measure-
ment of technology's effects on students. On the other
hand, if we view technology as having its own intentional-
ity, our understanding of educational technology may
include an examination of technology's existential impact.

A Definition of Technology
Technology has its origins as a term in the Greek words

"techne" and "logos". In the broadest sense "techne" refers
to making. Through its Roman translation it became
associated with "ars", methods or rules for the application of
science, and "instrumentum", pertaining to tools and
artifacts (Burch, 1984).

According to Marx (1975), the meaning of technology
has "suffered from a kind of elephantiasis in recent years"
(p. 7). He illustrates the growth of the term by offering
three definitions, as they have evolved. The first, which
remains close to its etymology, refers to the knowledge,
skills, and equipment people use for practical purposes. The
second refers to the bureaucratic organizations that surround
this knowledge, skill, and apparatus, for example the rise of
automotive, medical, space, and computer technologies,
often referred to as industries. A third, and much larger
concept of technology, he labels as "metatechnology" (p.8)
whereby technology dominates and permeates the life of an
entire society. The knowledge, skills, and machinery of
society are institutionalized and become part of the national
ideology. It is this latter portion of the definition of
technology, metatechnology, that entices philosophers to
target technology as a subject for inquiry.

A Philosophy of Technology
Until recently, developing a distinct philosophy of

technology was considered questionable as an academic
pursuit. Only in the 20th century has it been a recognized
activity in North America, with attempts to formalize the
pursuit beginning as late as the mid-sixties (Durbin, 1978).
As Rapp (1989) suggests, "The field is still in the making"
(p. ix). He offers the following explanations: I) Western
history of ideas has been dominated by the notion of theory.
Practical activity and craft have been relegated to a much
lower level of thought, and therefore not worthy of intellec-
tual analysis; 2) There has been a dominant notion that
technology is merely applied science and subsumed within a
philosophy of science; 3) Prior to the industrial revolution,
technology was taken for granted. It is only recently that
technology has attracted much attention; 4) Disciplines

which have attracted organized philosophic inquiry are
those which have developed theories from systematic
coherent models. The study of technology is multi. disciplin-
ary, thus a coalescence of distinct ideas is more difficult to
achieve.

Technology, for the most part, has been accepted as
applied science. It is the major means of providing objects
for human survival and comfort (Leiss, 1990). But tools
were constructed long before science. According to
Whitehead (1967, p. 96), "The greatest invention of the
nineteenth century was the invention of the method of
invention." Science, as the ultimate technique, is itself
presupposed by something more primary. In this sense
technology precedes science. The very existence of science
depends on a technological world-view. Science presently
receives a "best method" status where "the excellence of
science is assumed, it is not argued for" (Feyerabend, 1982,
p. 73). To consider technology as a priori is not to consider
it as a collection of "overt techniques or artifacts," (Ferre,
1988, p. 66) but to consider it as technological thinking, a
position supported in the works of Barrett (1979), Ellul
(1964), Heidegger (1977), and Mumford (1967). However,
due to interpretations that these authors are "anti-technologi-
cal," (Ferre, 1988, p. 64) this perspective has to a large
extent fallen on many deaf ears. They predict too much
doom and gloom.

Nevertheless, the undeniable sense that we live in what
Ferre (1988) refers to as a technological context or
"technosphere", seems a viable reason to continue academic
discussion and debate. We are so conditioned to a techno-
logical world that only startling announcements of techno-
logical advance or sudden loss of the use of a particular
technology appear to cause concern or give rise to reflec-
tion. Yet, this ubiquitous technological backdrop to
virtually all our activities, has in some way and will in some
other way "shape for better or worse our self-conceptions,
our social arrangements, our basic expectations, as well as
our sense [of] what is normal and normative (p. 2)"
Therefore, some critical wondering about technology is
warranted.

This paper does not attempt to offer answers or solutions
to epistemological, axiological, and metaphysical questions
or problems, but instead offers a position on technology that
may assist in posing new questions. For it is questions that
direct us toward new ideas, new theories. Also, in interests
of brevity, it deals primarily with the concepts of Ihde's
(1990, 1979) "phenomenology of technics," not that Ride's
ideas can be dealt with in brief, but the complexity of his
ideas allows us to discuss only a truncated version of them
in this forum. As a phenomenology, Ihde's ideas are
concerned with experience, how through human-technology
relations instruments mediate experience and thereby
transform experience.

Instrument Intentionality
Technology first mediates our experience by way of

coming between self and the world. In "various ways I-as-
body" (lhde,1990, p. 72) interacts with the environment by
means of technologies. Technology as mediating our
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"naked" relationship with the world, comprises the major
thrust of Ihde's thesis that technology can be examined as
more than "tools" and the "use of tools." As instruments
mediate our experiences they also transform our experiences
and can be understood as having "intentionality" (Ihde,
1990; 1976). In this sense technology is more than "doing."
Technology becomes a way of "being." More simply,
technology is not neutral. Its very use changes the user.

Embodied Relations
"Naked," our perception of the world is direct. Intro-

duce technology, and those perceptions are mediated. A
pair of eye glasses mediates our vision, a jacket our
experience of the elements, and an automobile our sense of
locomotion and distance. The more "transparent" the
technology is experienced -in otha words, the more one
becomes conditioned to the technology - the more the
technology becomes an extension of self. For instance, the
wearer of eye glasses becomes accustomed to viewing the
world through glasses. As such, the technology is more or
less embodied and becomes more or less a part of "percep-
tual-bodily self experience" (1990, p. 73).

Hermeneutic Relations
Technology itself can become the object of perception.

In this instance, the technology provides representation of
something that cannot or is not part of perceptual-bodily self
experience. For example, the spectroscope gives us a band
of color that must be interpreted. The band of color
represents an object, but the band itself bears no likeness to
objects it represents. Mom recently, computer-generated
fractal geometry (Gleick, 1988), often used for motion
picture special effects, is being used by physicists, chemists,
seismologists, metallurgists, probability theorists, and
physiologists. From a text of swirling ever-changing
patterns, scientists are learning about the paradox of
random, chaotic, order. As instruments are understood as
providing "representation" or "text," they become a "textual
artifact " (Ihde, 1990, p. 82). The text is read and inter-
preted, thus the formation of a hermeneutic relation.
However, hermeneutic relations need not be so dramatic.
Even the simple introduction of tint to a pair of glasses
changes the landscape and reveals the world differently,
providing a new "text" for interpretation.

Alterity Relations
Cohen (1989) argues that objects cannot be "other."

Objects do not question or claim. We are not obligated to

objects as we are to others. We are the object of other's
intentionality. Others give meaning to our being. In alterity

relations the technology becomes a "quasi-other" through its
"instrumental intentionality" (Thde, 1990, 1976). Here the

technology is encountered, engaged. It becomes something
to master, defeat, learn from, or take advice from. The
technology appears as if other, questioning the user, making
the user more self-aware. The technology emerges as a
focal entity. Computer technology is one of the more
obvious candidates illustrating this human-technology
alterity relation. During retrospective analysis the computer

user is quite aware that the machine does not have the
otherness of a human being; however, during interactions
with the machine it often feels the same (Howard, in press).
In some sense users feel they have been in conversation, in
communication with the machine.

Technology in Education
What do we know of the mediating influence of the

desks, bells, and blackboards? What worldview is being
developed through multimedia and the Internet? How is
teaching changed? Examining technology as a "way of
doing," gives us insight into what technology does, but does
little to improve our understanding of what technology
means, giving us insight into the existential impact educa-
tional technology has on learners and teachers.

Examining technology as a "way of being." influences
the questions one might ask regarding technology within the
context of education.. We can look beyond the effect
projectors, computers, and video recorders have on student
performance and begin to examine how technology
mediates students' lives, what meanings students attach to
the educational experience as a result of technological
mediation, and what implications those meanings have for
pedagogy.

Let's return to Betty and the other's in the classroom.
We know Betty is doing more than she has done before.
Through her activities with the computer programming
language, she has overcome a severe physical disability and
can express mathematically and graphically what she was
previously unable to express. We can measure that. But
there is a richness in Betty's experience we cannot measure.
Examining the relations she is having with this technology
enables us to more fully understand and articulate the
educational impact of this particular technological media-
tion.

Betty's Embodied Relation with the Computer
The experience of intersecting two points, A and B, by

drawing a line, requires Betty to move her hand across the
surface of a medium. Her perceptions of drawing a line,
although mediated through the pencil, are directly associ-
ated with the tactile sensations of moving her hand in a
given direction. Directing the computer to do the same task
changes the perception of that experience. Her bodily sense
of making a line is radically changed, also changing her tacit
understanding of making lines. With practice, the manipu-
lation of the computer cursor will become "familiar" to
Betty and she will experience line-making as a computer
activity. The computer gradually extends her bodily
capacities, as Thde (1990, p. 75) suggests, "into new realms"
of perception. The questions become: What new realms?
What is experienced in those realms? What are the experi-
ences like?

Betty's Hermeneutic Relation with the Computer
Betty finds entering commands on the computer

keyboard, which are eventually translated into the illumina-
tion of a straight line of pixels on a computer screen, more
satisfying than using pencil, paper, and ruler. However, the
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line on the screen, although it has similar properties to the
pencil line on a piece of paper and can be recognized as a
rendition of a line, has different qualities and potentials. and
is thus displayed as different "text." Betty has discovered
that the lines she is drawing can be manipulated. She can
make them appear slowly or quickly. She can even make
them wiggle. As the lines, in cartoon like fashion, appear to
be drawing themselves, Betty is able to express line drawing
outside previous constraints. The embodiment relation
Betty has with the computer evolves into a hermeneutic
relation. The questions become: What new meanings are
attached to these new expressions? What more can Betty
say through her renditions? What new reading is Betty
giving to what the computer is rendering through her
commands?

Betty's Atterity Relation with the Computer
Betty interacts with the computer. She delights in

making the lines and manipulating the creations. She
frowns in frustration when certain sequences do not work
out to her satisfaction, sometimes poking at the keys as if to
discipline the computer for its misbehavior. Watching Betty
work with the computer is like watching her work with
another member of the class. From a hermeneutic relation,
the computer and Betty begin to develop an alterity relation.
As she interacts with the computer, she develops a new
sense of confidence, a new sense of self-awareness. The
computer assists in revealing Betty's ideas, her thinking. It
helps her express herself. In the same way others, through
their opinions, actions, and intentions claim their non-
neutrality in Betty's life, the computer increasingly influ-
ences Betty's sense of what she can and cannot do. Her
perceptions of her abilities change. The questions become:
In what way is Betty's self-awareness changed? What
limits does the computer impose on Betty's world? How
will Betty explore her world differently?

Conclusion
Technology is ambiguous (Ferre, 1988). We make

reference to artifacts and practices as technology and then
suggest that technology is what makes these "things"
possible. Technology may be both. Our relationship with
the world is partly established through technology. It is
established through a way of thinking and through a way of
practice. We both discover and construct a technological
reality. We view "things" as useful and proceed to use
them. More explicitly, discovering a hammer reveals the
world as harnmerable (Heidegger, 1977). Discovering a
gun reveals the world as shootable. Discovering a computer
reveals the world as computable.

Many would agree that the school's job is to effect some
favorable change in the student's learning behavior. In this
sense, education is centered in actions, performance and
outcomes. As such, education tends to be thoughtof as a
treatment and educational technology as the tools and
procedures useful in effecting that treatment. To understand
educational technology more completely we must attempt to
understand its lived meaning. Ihde's ideas of instrument
intentionality and technology relations, may help us do that.

A

By recognizing the "intentionality" of educational technol-
ogy and examining the "relation" it has with students and
teachers, we can add deptli to our understanding of educa-
tional technology and move toward a more thorough
analysis of its existential impact, thereby extending our
ability to be more critical of its use in our schools. Educa-
tional technology must be understood and used with tact.
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Reflective Thinking About
Technology for Students

and Teachers

Lorana A. Jinkerson
Northern Michigan University

Much has been written and discussed on how to
integrate technology into teacher education programs, and
thereby into the K-12 classroom, but little has been written
on whether or not such infusion is warranted and what effect
it might have upon the institution of schools and the concept
of learning or knowledge as we know them today. This
paper will provide some food for thought on this question.
I am not, however, against technology in education.
Rather, I am for seriously considering how technology
actually changes the curriculum for preservice teachers,
inservice teachers, and their students and what we, as
teacher educator's, must do to foster those changes.

Defining Technology
Before we begin, let's define some terms so we know

we are on common ground. What exactly is technology?
We all talk about it, but do we really understand the
significance of the word? According to The World Book
Dictionary, 1990 (p. 2154), technology is the "body of
tools, machines, materials, techniques, and processes used to
produce goods and services and satisfy human needs." In
other words, technology is everything humans make and use
from the simple wheel to the most sophisticated computer,
including the processes and techniques involved in using the
tools, machines, and materials.

Technology surrounds us and yet many fear technology
and its role in our society. Without technology, there would
be little difference between us and other animal species.
The ability to use technology is one of our defining charac-
teristics. The fact that our technologies are continually
evolving, doing more and more tasks for us, doing our tasks
faster, and often better, is at the heart of technophobia. We
all accept the wheel and have no fear of it, enjoying the
many benefits it provides to our way of life. But the wheel
has been with us for many centuries and then some. What
becomes frightening is the newer technologies, especially as
we see them encroaching upon what we thought was our
exclusive turf. We readily accept technologies to help us
with physical tasks, but when technologies become avail-
able to help us with mental tasks we become more con-
cerned.

Historical View
When new technologies are first introduced, they are

often used to imitate older technologies. For example, think
back to the introduction of the automobile. The first
automobiles looked very much like horseless carriages. In
fact, that's what they were called. The idea of the automo-
bile was to speed up traveling time over horse-drawn
carriages. However, over a period of years, spin offs from
the automobiles came into being and the style of the
automobiles evolved into machines that today barely
resemble a horseless carriage other than having four wheels.
The social changes brought about by the automobile, from
drive-in movies to drive-in banks, have been more profound
than the actual idea of speeding up travel time. Indeed, the
impact of the automobile on society has allowed other
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changes to take place that dramatically alter the way society
operated in the pre-automobile days to the way society
operates today..

The telephone can be viewed in the same manner.
Alexander Graham Bell would be quite surprised to see the
telephone as such a pervasive piece of technology, literally
making voice, and now even data and video communica-
tion, accessible to nearly everyone in the world at any time
of day or night.

This acceptance of a technology, literally changing the
institutions and social structures of a society, can easily be
seen historically. It is somewhat more difficult to foresee
the changes in the present and immediate future, but that is
exactly what the computer and related technologies are
doing to our world today. We have yet to see what the full
impact of having a computer in each person's hands at all
times will do to social institutions, especially schools. For
the most part, computers in schools to this date have been
used as faster, more accurate textbooks and workbooks for
students. In some schools, the use of word processing has
replaced instruction in typing, and it is evident from the
physical layout of the first versions of microcomputers that
they were designed to imitate typewriters in their method of
data input. After over a dozen years we are finally begin-
ning to break the mold by separating keyboards from the
CPUs and even design different shaped keyboards as well as
other types of input devices such as scanners for optical
input and microphones for voice input.

Education as a Technology
How does this relate to education as a technology and

using educational technologies in the quest for knowledge/
learning? First, education as the technology we have known
for the past few decades is relatively new in relation to the
history of humankind. It is only in this century that massive
public education for all has been a goal. We often act as if
that has been the case since Plato and Aristotle began
teaching.

What technologies did Plato and Aristotle use in their
teaching? Essentially, they were content with audio
technologies, that is, speaking and listening. In fact, the
history of humankind survived through audio technologies
for many centuries. When written communication came
into being it was limited to a very select few and only with
Guttenburg's invention of the printing press did massive
written communications finally become available to the
common people. At each step, there was concern about
what the new technologies would do for the learner, how the
learner would become dependent upon the technology, and
how people would no longer be able to do the "real" work

independent of the technology's assistance.

Knowledge and Learning
As we work through this, we need to identify what we

mean by knowledge and learning. If we define a student's
knowledge of a subject. let's say spelling, as what is stored

in his/her brain, without the aid of technologies of any sort,

then how should we test that student's knowledge? The

Is

answer, of course, is that the only way to test knowledge of
spelling in one's brain without the aid of technologies would
be through oral spelling tests. The teacher reads a word and
the student recites the spelling orally back to the teacher.
But wait a minute. What is the true purpose of spelling? Is
it not to be able to write words correctly so the reader of
your work can understand your message? Essentially,
spelling's only purpose is for fostering correct written
communications. But, what do we need in order to commu-
nicate in written form? Pencil and paper are necessities.
The use of pencil and paper allows the learner to look at his/
her spelling of the word and judge it from its visual pattern,
often saying to him/herself, "No, it doesn't look right."

If the use of visual cues fails, teachers generally suggest
students "Look it up in the dictionary." What is a dictionary
if not a technological tool used to supplement memory of
the spelling, pronunciation, definition, part of speech,
etymology, etc. of a word. We readily recommend to
students the use this tool when writing papers but what do
we do when they take a "spelling test?" Are dictionaries
allowed for "spelling tests?" Of course not, we want to
know what is in the students brain, not what is in the
dictionary. We allow them paper and pencil, primarily
because they make it easier for us, the teacher, not because
they aid the student in his/her recall. If we had the time and
energy, ideally most teachers would prefer an oral spelling
test to really determine if the child knows the spelling. At
the same time, however, spelling is never done in the "real
world" orally, it is always with pencil and paper and most
often with the aid of a dictionary if so desired. The true
judge of one's spelling abilities is in the papers one writes.
If a student is capable of producing written communications
that include all or mostly all correctly spelled words,
regardless of how those words were correctly spelled,
should be the true measure of that student's spelling ability.
The use of tools to support our mental activities, as partners
in cognition (Salomon, Perkins, and Globerson, 1991) is
essentially what is happening in this case.

Enter the Computer and Related
Technologies

With the advent of the computer and related information
technologies, our concern over what the student is learning
becomes even more pronounced. Now we have tools that
can compute any mathematical formula given it, that allow
us to write without a lot of preplanning, that allow us to
check our spelling and grammar, that allow us to instantly
produce graphs and charts depicting data, that allow us
access to more information than we can digest in a lifetime.

The decisions we make regarding the use of these
technologies by students in our classrooms will ultimately
vastly .thange what is stored in the students' brains. We
cannot continue in the same paradigm as we have for the
past few decades. We must embrace these technologies and
teach our students how to use them to manipulate inforrna-
fion to their desires. We can no longer believe or be content
to believe that we can teach students what they need to
know. Instead we must teach them how to use these
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cognitive technological tools. What the students will store
in their brains will not be the same as what we stored,
namely facts and formulas. Instead, the cognitive tools will
take over many of these menial tasks for the student,
allowing the student to develop higher order skills such as
problem solving, evaluation, analysis, and synthesis. These
tools can make the repetitive work of schools less tedious
and more exciting for students so they engage in more
varied learning experiences. No longer will students have to
memorize the states and capitals. Instead, they will learn
how to use a database program to locate a specific capital of
a state that is needed for the project currently being studied.
In addition, integration of separate disciplines is fostered by
these cognitive tools that can manipulate data in and
between multiple formats, for example between word
processing, data bases, spreadsheets, and charting pro-
grams.

Myths About Cognitive Technologies
This discussion will most likely cause some real concern

on the part of many teachers, administrators, and parents.
The belief that these cognitive technologies do the work for
the student is widespread. Nothing can be farther from the
truth. When was the last time your word processing
program wrote a paper for you? (I wish mine would
sometimes!) Think about the spell checker program. What
exactly does it do for the user? Does it tell you how to spell
words or does it merely identify words it doesn't like and
then throw the ball back into your court? And what about
calculators? When was the last time your calculator decided
to add three numbers together asking nothing from you? I
have yet to see a calculator that didn't need to be told what
number tr) work on and what operations to perform on
those numbers.

What does all this mean to the education of preservice
teachers, inservice teachers, and their students? Preservice
and inservice teachers must be technologically up-to-date.
Discussions in methods courses and/or technology courses
should focus on the ideas expressed above. Active,
thoughtful interaction on these topics is paramount.
Unfortunately, most preservice and inservice technology
courses or workshops focus on the how-to's, not the why-
to's. If our preservice and inservice teachers are given the
opportunity to debate these issues openly in a friendly
supportive atmosphere, then many more will be willing to
learn the how-to's we so readily provide.

It is my belief that knowledge and learning are sup-
ported by cognitive technologies in the out-of-school, "real"
world and that as teachers, we should be utilizing the same
tools in school learning. But, in order to fully take advan-
tage of what they offer, we must know what they do and
don't do for the teacher, the learner, and knowledge.
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A Conceptual Model for
Examining Disciplinary

Differences in Teaching
with Technology

Michael D. Waggoner
University of Northern Iowa

Since the compartmentalization of knowledge into
disciplines and academic fields gained momentum in the
late 19th century, there has been a continuing interest in, to
adapt Adler's phrase (1967), the difference in disciplines
and the difference it makes (King and Brownell, 1966;
Kuhn, 1970; Phenix, 1964; Schwab, 1964; Snow, 1959). In
recent years, research has begun to focus on these disciplin-
ary differences and what they may mean for college
teachers in their work (Andresen, Barrett, Powell, and
Wieneke, 1985; Stark, Lowther, Bentley and Martens,
1990). A major finding in this work has been that the
faculty member's discipline is a major factor in course
planning along with their assumptions about students(Stark
and Lowther, 1990).

Paralleling this work has been a line of research on
using technology, particularly computer related technology,
in teaching. Maddux (1993) suggests that research in
educational computing has evolved from early simplistic
and often erroneous assumptions to the current more
sophisticated stage of "asking which and how learner and
learning variables interact with teaching variables as they
relate to specific dependent variables." (p. 18). An opportu-
nity exists for these two paths of inquiry to intersect, with
the potential for understanding more about different
disciplines' approaches to teaching with technology. Since
the preparation of teachers involves faculty outside of
schools and colleges of education that represent much of the
disciplinary spectrum, such a line Of research would seem to
be worthwhile.

The purpose of this paper is to present a conceptual
model for studying disciplinary differences in order to elicit
an understanding of the disciplinary factors that contribute
to a faculty member's approach to teaching with technol-
ogy. Components of the model include: the structure and
ethos of the discipline (e.g. goals and aims, ontological and
epistemological assumptions, modes of inquiry, values and
beliefs); preparation for and experience as a teacher; faculty
assumptions about students; faculty beliefs and perceptions
about technology; and institutional context.

The Structure and Ethos of the Discipline
The basic question may be stated as this: is there

anything inherent in a discipline that might influence
whether or how technology may be employed in teachii.g?
To better understand the contribution of a field of knowl-
edge in this context, it should be useful to briefly review
how we have come to think about the organization of
knowledge. Although disciplines as we have come to know
them are largely a creation of the Scottish Enlightenment,
the concern over the organization of what we know da es to
antiquity.

Plato's organization of knowledge is outlined in The
Republic. Not concerned with the disciplines and subject
matter in the classification of knowledge, he was less
interested in the "visible" than the "intellectual," that is, in
the unity of all things and the dialectic as the mode of
inquiry to attaining that goal. He thought that knowledge
resided in each individual and was to be recollected and not
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cognitive technological tools. What the students will store
in their brains will not be the same as what we stored,
namely facts and formulas. Instead, the cognitive tools will
take over many of these menial tasks for the student,
allowing the student to develop higher order skills such as
problem solving, evaluation, analysis, and synthesis. These
tools can make\ the repetitive work of schools less tedious
and more excigng for students so they engage in more
varied learning experiences. No longer will students have to
memorize the sts and capitals. Instead, they will learn
how to use a da ase program to locate a specific capital of
a state that is needed for the project currently being studied.
In addition, integration of separate disciplines is fostered by
these cognitive toois that can manipulate data in and
between multiple fdrmats, for example between word
processing, data bases, spreadsheets, and charting pro-
grams.

Myths About Cognitive Technologies
This discussion will ritost likely cause some real concern'

on the part of many teachers, administrators, and parents..
The belief that these cognitiVe technologies do the work for
the student is widespread. Nothing can be farther front the
truth. When was the last time your word processing'
program wrote a paper for you?. (I wish mine would
sometimes!) Think about the spell checker program. What
exactly does it do for the user? Does it tell you- how to spell
words or does it merely identify words it doesn't like and
then throw the ball back into your court? And what about
calculators? When was the last time yourcalculator decided
to add three numbers together asking nothing from you? I
have yet to see a calculator that didn't need to be told what
numbers to work on and what operations to perform on
those numbers.

What does all this mean to thoeducation of preservice
teachers, inservice teachers, and their students? Preservice
and inservice teachers must be technologically up-to-date.
Discussions in methods courses and/or technology courses
should focus on the ideas exPressed above. Active,
thoughtful interaction on these topics is paramount.
Unfortunately, most preservice and inservice technology
courses or workshops focus on the how-to's, not the why-
to's. If our preservice and inservice teachers are given the
opportunity to debate, these issues openly in a friendly
supportive atmosphere, then many more will be willing to
learn the how-to's we so readily provide.

It is my belief that knowledge and learning are sup-
ported by cognitive technologies in the out-of-school, "real"
world and that as teachers, we should be utilizing the same
tools in school learning. But, in order to fully take advan-

tage of what they offer, we must know what they do and
don't do for the teacher, the learner, and knowledge.
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taught. Using the imagery of the allegory of the cave, he
argued that reasoning from particulars, one uses the intellect
to realize "Universals.

Aristotle organized the sciences into a hierarchy
according to their end and intrinsic character: the theoreti-
cal, the practical, and the productive. The theoretical
disciplines were fixed and stable, to be known for their own
inherent value. These included physics, mathematics, and
metaphysics. The second class was the practical disciplines.
These were changable matters with good for humankind
being their object. Ethics and politics were these disciplines
with politics being further divided into economics and
rhetoric. The third class is the productive disciplines: fine
ans, applied arts, and engineering.

Aristotle's hierarchy valued knowing over doing and
making.

Descartes argued for a single science based upon unity
and without the diversity of disciplines. For him, this was a
deductive system resting upon first causes and principles,
"Thus philosophy as a whole is like a tree whose roots are
metaphysics, whose trunk is physics, and whose branches,
which issue from this trunk, are all the other sciences."
(cited in King and Brownell, p. 43). In the Cartesian
organization, knowledge is based upon mathematics and is
grounded in the individual mind and self.

Immanuel Kant's conception began to move things
closer to the views that have dominated for the last century.
He argued for a clear division of the disciplines that derived
either from empirical or historical data, or from rationally
determined principles, and that all this related to an inte-
grated whole. The organizing principle of that whole was
judgment; however, each discipline varied according to
mode of inquiry and a "regulative idea."

King and Brownell (1970) argue for a special place for
Giambattista Vico in this brief history of the organization of
knowledge. Vico argued that the organization of knowledge
was a creation of the logic of the mind rather than some
external reality; it comes from a 'logic of the imagination.'
He says that knowledge comes from inquiry based in what
humans have made rather than from reason and scientific
observation and experiment alone.

Auguste Comte contributed the idea of the "positive
sciences," his hierarchy being sociology, biology, chemis-
try, physics, astronomy, and mathematics, with develop-
ment proceeding from mathematics upward to sociology.
Knowledge is limited to these disciplines that are based
upon sense experience, what can be positively known.

This "hegemony of philosophy" prior to the twentieth
century, as King and Brownell have called it, gave way to
the logical positivists in the 1920s and 30s whodominated
the discourse until more recently. Now, positivism is giving

way to post positivism. Constructivism and critical theory

are offering alternative conceptions regarding what can be
known and how we know it. And there are those who argue

for the readmission of metaphysics to the discussion.
This history of ideas is helpful to our inquiry in that it

illustrates a long and continuing struggle to identify a
conception that is inclusive of the phenomena we believe

4

bear on knowledge, and how some of the ideas we hold
have come to us. It also suggests that these discussions will
likely continue. What then do we make of this in terms of
our task at hand? One impression from this history seems to
be that conceptions of the organization of knowledge are all
products of the mind. The rationale for their development
and the viability of their argument all spring from the
imagination. (Perhaps we should look more closely at the
work of Vico). Each conception attracts adherents and, over
time, traditions grow up around these ideological enclaves.
So part of the picture must necessarily be an examination of
a particular discipline in terms of its ontological (What is the
nature of reality?), epistemological (What is the relationship
between the inquirer and reality?), and methodological
(How does one find out this reality?) assumptions, as well as
the heritage and traditions that have grown up around it.
But a broader conception is required to understand its
contribution to the complete experience of teaching, and
further, to incorporating technology into teaching.

Understanding the structure and ethos of a discipline is
in itself not enough; we are left with an incomplete picture.
A more complete conception is offered and reflected in this
paper. The. Structure and Ethos of a Discipline takes its
place among several other factors that come into play in
considering the use of technology in teaching: Faculty
assumptions about students, Faculty beliefs/perceptions
about technology, Environmental contexts, and Preparation
and Experience as a Teacher.

Using this conception, we may, with further research,
uncover ways in which disciplinary differences can
influence the way technology is used in teaching. We turn
now to an explanation of these other factors.

Faculty Assumptions About Students
A second key area in examining potential differences

among disciplines with respect to using technology in
teaching is faculty assumptions about students. In their
study on disciplinary differences in course planning, Stark,
Lowther, Bentley and Martens (1990) found this factor to be
important in influencing how faculty plan their courses.
They noted that faculty adapted their preparation based
upon student variability, particularly with respect to student
needs for intellectual growth and student preparedness.

In a separate work, Stark, Shaw,and Lowther (1989)
argue that information on student goals is generally
neglected in colleges and universities, but that there is
evidence that student goals factor prominently in the
approach of students to their work: "students have broad
goals for attending college, narrower goals for achieving in
particular courses, and even more specific goals as they
approach each learning task."(p. vi). And since students
continue to develop during their college experience, goals
should not be viewed as static; they evolve and change with
the student's continuing growth. Stark et al. (1990)
recommend, and common sense would suggest, that faculty
need to pay more specific and systematic attention to
student goals.

The burgeoning literature on student development has,
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in recent years, produced increasing sophistication in the
understanding of how students develop during college
(Uperaft & Moore, 1990). It seems increasingly imperative
that faculty, who care about their teaching and a productive
role that technology might play in it, make greater use of the
knowledge of student goals and development.

Preparation for and Experience as a
Teacher

A third fntor in the model involves the level of
sophistic :ion one possesses as a teacher. This derives from
formal preparation as well as experience. Conceptions such
as that offered by Shulman (1987) as he discusses teacher
knowledge with respect to his "pedagogy of substance" help
to elucidatt the complexity of this area. Shulman argues
that a successful teacher learns how to teach, and continues
to learn, by studying not only in a specific content area but
also in fields related to teaching (e.g., history, philosophy,
psychology, sociology) and in the liberal arts. The general
areas in which teachers need substantial knowledge in order
to promote student learning are, according to Shulman
(1987, p.8):

content knowledge (the discipline);
general pedagogical knowledge, with special references
to those broad principles and strategies of classroom
management and organization that appear to transcend
subject matter;
curriculum knowledge, with particular grasp of the
materials and programs that serve as "tools of the trade"
for teachers;
pedagogical content knowledge, that special amalgam of
content and pedagogy that is uniquely the province of
teachers, their own professional form of professional
understandings;
knowledge of learners and their characteristics;
knowledge of educational contexts, ranging from the
workings of the group or classroom, the governance and
finance of [education], to the character of communities
and cultures; and,
knowledge of educational ends, purposes, and values,
and their philosophical and historical grounds.

Acquiring breadth and depth of knowledge in these
areas will, says Shulman, enhance the likelihood that faculty
will develop the competencies which will allow them to
communicate, with increasing sophistication, what they
know to their students. The competencies, which are
influenced by all the teacher has experienced as well as
virtually everything he or she has studied, encompass their
abilities to:

comprehend both content and purposes (p. 15);
transform the content knowledge he or she possesses
into forms that are pedagogically powerful and yet
adaptive to the varieties in ability and in background
presented by the students (p. 15);
[organize and manage] the classroom, [present] clear
explanations and vivid descriptions, [assign and check]

work; and [interact] effectively with students through
questions and probes, answers and reactions, and praise
and criticism (p. 17);
check for understanding and misunderstanding...while
teaching interactively, as well as [bylmore formal testing
and evaluation that teachers do to provide feedback and
five grades (pp.18-19);
[reflect on] the teaching and learning that has occurred,
and [reconstruct, reenact, and/or recapture] the events,
the emotions, and the accomplishments (p. 19); [and]
arrive at a new beginning...with new comprehension,
both of the purposes and of the subjects to be taught, and
also of the students and of the processes of pedagogy
themselves.
The preparation one has received in these various a .eas,

combined with the experience gained over time, must oe
taken into account when examining how faculty meribers
from a particular discipline approach the use of technology
in their field. Variations in training received, view of
teaching as a priority, and individual personality differences
all factor into this aspect of the model.

Environmental Context
A fourth factor bearing on the understanding of disci-

plinary differences in the use of technology in teaching
relates to an individual's institutional context. In the Stark
et al. (1990) study on course planning cited above, the
context in which teaching occurred was noted as important,
though not as impnrcant as the disciplinary teaching field.
Percentages of iaculty reporting contextual factors as
strongly influencing their decisions varied widely with the
average being one in five. Certainly, availability of the
desired technology would be an important factor, as would
technical assistance in training and service.

Stark et al.(1990) also suggest that "it may help to
increase the visibility of services designed to improve
planning or instruction" (p. 162). Campus wide Teaching
Excellence Centers around the country often specifically
address technology use strategy and support issues. The
availability of such centralized services on a campus may be
an important environmental factor in creating a climate in
which technology can be integrated into teaching.

Faculty Beliefs and Perceptions About
Technology

The fifth aspect of this model involves faculty beliefs
and perceptions about technology. This is closely related to
Preparation for and Experience as a Teacher, but warrants
consideration as a separate factor due largely to the relative
newness of computer related technology on the college
teaching scene and the multifaceted complexity it can
introduce to the work environment of college faculty that
crosses teaching, research,and service boundaries.

Faculty attitudes regarding possible roles for technology
in their teaching derive from the relative sophistication of
their knowledge about the productive uses of technology in
their personal private work and in their public teaching
work. Most faculty have embraced the computer as a
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personal productivity tool for writing, E-mail, and process-
ing research. Most, however, have yet to take the next step
and use computer related technology as a teaching tool with
their students.

A critical factor here, that also may be considered as part
of the environmental context, is the weighing of critieria
used by faculty when they consider employing technology
in their teaching. Keig & Waggoner (in press) areue that
disincentives exist that deter faculty from pursuing activi-
ties, like the use of technology, aimed at improving their
teaching; pertinent among these are the amount of time
required and institutional incentives and rewards. These
factors need to be mitigated, if not overcome, in order to
realize the potential benefits there may be for the use of
technology in teaching.

Conclusion
Since preparation of teachers is a responsibility that

extends beyond the field of education to the numerous
disciplines across our campuses, it is imperative that our
ideas about integrating technology into teaching become
more sophisticated to include disciplinary distinctives that
may come into play. The model presented here is one
attempt to create a construct which may guide further
inquiry in this area by examining the interrelationships of
the structure and ethos of a discipline, preparation for and
experience as a teacher, faculty assumptions about students,
faculty attitudez beliefs about technology, and context
as they influence the use of technology in teaching.
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Modern Instructional
Technology and Concepts

of Curriculum

James A. White
University of South Florida

The introduction of computers and related technologies
in schools has been attended by much confusion and debate
as to where, when, and how their use is appropriate. For
example, it is not uncommon for two excellent teachers to
polarize at opposite extremes regarding Logo. One teacher
considers it one of the most important educational innova-
tions in history; the other considers it very interesting, but
highly irrelevant. The appearance of recent innovations
such as hypermedia, multimedia, and related digital
technologies have served to further exacerbate this situation,
as has the revitalization of alternate concepts of instruction
under new nomenclature such as "constructivism", and
"cooperative learning." However, much of the confusion
and debate surrounding modern instructional technology
can be viewed as reflective of the differences among
varying models for conceptualizing curriculum. Certainly,
the teachers portrayed above are approaching Logo from
different perspectives on curriculum. In understanding the
varying concepts of curriculum one can achieve a broad
perspective on technology-based practices or purposes that
appear to be in conflict. The purpose of this paper is to
describe five different curriculum concepts: the classical
conception, the cognitive processes conception, the person-
alized conception, the social relevance conception, and the
technological conception; and then to describe how
computers and related technologies can be seen to serve
each of them.

Conceptions of Curriculum
Eisner and Valiance (1974), McNeil (1985), and

Purdom and Purdom (1992) identify different conceptions
of curriculum that are similar enough to be synthesized as
follows.

The Classical Conception
Also known as academic rationalism, this conception of

curriculum is concerned with communicating to learners the
greatest knowledge of civilization. Hence, it has a strong
focus on the teaching of "proven" or "classical" subject
matter such as logic, mathematics, Shakespeare, or Latin.
The role of the teacher is to organize the information and
then to transmit it, typically via lecture. Evaluation tends to
take the form of written examinations and term papers that
require the student to recall or to use the newly-acquired
knowledge.

The Cognitive Processes Conception
The purpose of the cognitive processes curriculum is to

develop problem-solvers. This conception purports to be
value-free, focusing on the refinement of intellectual skills
that are applicable to any field. It embodies the basic tenet
of faculty psychology: the mind is a "mental muscle" that
can be developed through arduous exercise. The role of the
teacher is to pose interesting problems for learners and to
assist them in the analytical process.

The Personalized Conception
Sometimes called humanistic, this conception of
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curriculum holds as its highest value the importance of
individual well-being. In this conception, each learner
should have satisfying experiences that lead to maximum
personal development. The term whole child education is
often associated with the personalized conception. Emo-
tional and social development are valued as highly as
academic development. The role of the teacher is to
facilitate each learner in setting personal goals and pursuing
them.

The Social Relevance Conception
For this conception, the needs of society are the highest

goalsand education is the means to realize them. In the
adaptive version of this conception, instruction for each
individual occurs only in the context of preparing that
person to be able to contribute to the larger social structure.
This conception also has a reformist version, which has a
stronger focus on fostering social change. In this version,
the role of the teacher is to identify social problems and to
facilitate inquiry into those problems by a democratic
community of learners.

The Technological Conception
The technological conception of curriculum is very

different from the preceding four conceptions because it is
concerned mainly with the processes of teaching and
learning, as opposed to the content to be delivered. Based
on the findings of research in behavioral science, in this
approach goals are subdivided into subtasks and subtasks
are stated as behavioral objectives, all ordered in a hierar-
chy. A learner is diagnosed with regard to this hierarchy,
receives appropriate and individualized instruction, is
evaluated and retaught until mastery is achieved, and then
progresses to the next task. Often, the teacher/student ratio
is too low for this level of individualization, so instructional
materials may include self-instructional modules, pro-
grammed texts, audiotapes, study packets, filmstrips, and
computer-assisted instruction. The role of the teacher is to
manage the entire process. Often, this management process
is also augmented with technological means such as
tracking of student progress and production of reports.
Although proponents of the technological conception argue
that it is appropriate for the delivery of any content, it is
usually the classical curriculum that is implemented
(Purdom and Purdom, 1992.)

Modern Instructional Technology in the
Context of Curriculum Conceptions

The presentation of curriculum conceptions made above
is an extremely brief summary. The interested reader is
encouraged to consult the original sources. The remainder
of this paper is devoted to how modern instructional
technology can be viewed through the filter of each of these
curriculum conceptions.

Technology and the Technological Conception
Instructional technology as a discipline predates

computer, videodisc, CD-ROM, and other resources that

have become the foci of modern instructional technology.

As explained above, the "technology" referred to was a
process, a systematic, scientific approach to developing and
implementing instruction. Although it often sought to make
effective use of technologies then current, it was primarily
the process that defined the approach.

Although it began to develop with mainframes and
minicomputers, the era of modern instructional technology
effectively began with the arrival of microcomputers in
schools around 1978. Early enthusiasts, excited with the
prospect of having mainframe power at the desktop level,
readily adopted another mainframe development, the vision
of computer-as-teacher. It is not unfair to say that this
vision, with its focus on tutorial and drill and practice, grew
out of the behaviorist tradition in education (Favaro, 1986.)
This was the CAI paradigm the one in which the
computer was seen as an ideal teaching machine. Computer
technology was accepted as a versatile platform for assess-
ing student knowledge, delivering individualized instruc-
tion, providing appropriate feedback, evaluating student
outcomes, and all the other hallmarks of the technological
conception of curriculum. (The game/simulation/ problem-
solving model, which also grew out of the CAI tradition,
will appear later in the discussion of the cognitive processes
conception.)

As new technologies have emerged, they have fit right
into this framework. First, sequential videotape, and then
later, random-access mass storage media such as videodisc
and CD ROM allowed a dazzling array of sounds and
images to be incorporated into instructional sequences to
make them more impressive and, hopefully, more effective.
In the near future, telecommunications and distance learning
resources promise to allow such instruction to be delivered
right in the home or office. It should not be surprising, then,
that technology in education continues to be viewed most
commonly (especially in the popular media and by non-
educator laypersons) in the context of the technological
conception.

The technological conception of curr:,-alum, at least as it
applies to computer-based instruction, is currently changing.
Although the behaviorist tradition continues to dominate the
design of computer-based instruction (Hannafin and
Hooper, 1993), the emergence of hypertext and hypermedia
as instructional metaphors is resulting in a new type of
software that is more consistent with a cognitive approach.
Metacognition, the learner's process, of monitoring and
making decisions about his or her own learning, is a critical
element in all well-designed hypermedia because of the high
level of learner control that must be exercised. Possibly this
trend occupies a spot in the domain common to the techno-
logical and personalized conceptions.

Technology and the Social Relevance
Conception

Another early aspect of instructional technology, that of
computer literacy, may appeal to adherents of the social
relevance conception. The need to begin instilling comput-
ing skills in children who will be the work force of the next
generation is being championed by many educators who, in
doing so, are expressing an adaptive social relevance
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conception of curriculum. As a consequence, many schools
and school systcms have articulated specific computer
literacy learning objectives and initiated instructional
programs designed to teach such fundamentals as
bootstrapping computer systems, formatting diskettes, and
keyboarding. At the secondary school level, such curricula
are often housed in business education programs. Many
elementary schools have designated a computer literacy
teacher whose job it is to teach the skills to all the students
in the school, sometimes working with only one grade level
each year. It is curious that such programs have often been
implemented with worksheets and other paper materials
the students having no opportunity whatsoever to actually
use a computer. Another major disadvantage of this
approach has been that it usually results in no integration of
technology with the rest of the curriculum. The classroom
teachers remain uninvolved with what goes on in the
"computer" room and the children see computers and
related technology as just more objects to be studied.

The aspect of the literacy curriculum most consistent
with the reformist vision of the social relevance conception
of curriculum has probably been the group of literacy
objectives concerned with legal, social, and ethical issues.
Such technology-related issues as copyright, electronic
theft, and invasion of privacy provide great potential for
student inquiry. Study of these issues tends to provide a
richer context when integrated with activities in the regular
classroom, as opposed to the pull-out programs frequently
associated with the other literacy skills noted above.

Technology and the Personalized Conception
As the microcomputer era was beginning, other changes

were taking place in American education. The behaviorist
tradition in education was waning in strength (Willis, 1993.)
Other approaches, ones often seen as antithetical to the CAI
treatment, began once again to come to the fore. It is
important to note that each of these alternate visions always
had adherents, it was just that the mainstream of attention
was not focused upon them and technology was not seen as
serving their agendas indeed, adherents to those visions
were often the most vocal critics of instructional technology.
Among the factors leading to the revitalization of alternate
instructional visions was research in artificial intelligence
and its impact on the field of cognitive science, in the form
of a trend known as "cognitivism." This paper is not an
appropriate forum for a discussion of the ongoing debate
concerning the relative merits of the behavioral and
cognitive trends in educational psychology, but it is
important for the reader to understand that cognitivism is
often viewed as an important component of the theoretical
bases for alternative instructional approaches such as
constructivism, cooperative learning, and the like. In 1980,
two watershed publications occurred: Papert's Mindstorms
and Taylor's The Computer in the School: Tutcr, Tool,
Tutee. Each indicates ways for computers t be used in the
implementation of such alternative approacaes.

Mindstorms is the Logo mamiesto and Papert is Logo's
best known spokesman. Based on research in cognitive
science and informed by Jean Piaget's research in child

development, Logo was the first well-known application of
technology to teaching and learning that broke away from
the CAI model. Papert envisions Logo as a playground for
discovery that allows learners to "construct" their own
understandings of knowledge.

As evinced by its popularity among child-centered
educators, the philosophy of Logo expressed by Papert in
Mindstorms is strongly supportive of the personalized
conception of curriculum. Implementing Logo's major
theme of learning by discovery requires that learners be
afforded a great deal of control over the learning process.
By controlling the process and taking learning episodes in
directions he or she desires, the Logo learner's experience
embodies the belief that school should exist to serve the
needs of the individual.

Taylor's tutor, tool, tutee framework was the first
widely-known terminology that allowed educators to use
language that transcended the CAI model. Taylor's frame-
work describes learner/computer interactions in terms of
locus of control, active or passive engagement of the
learner, and the didactic or inductive nature of the learning
experience. Learners interact with technology in the tutor
mode when they use software developed in the CAI
tradition. Tutee mode is engaged when the student learns
by "teaching" the computer, as in Logo. Taylor's third
mode occurs when the learner uses the technology as a tool
to accomplish another objective. The use of a database
manager to create a "Countries of the World" database with
which to test hypotheses about relationships among social
factors is an example of this mode. Taylor's model was
adopted very quickly by many educators because it gave
them a way to talk about and to conceive of uses of comput-
ers that did not fit into the CAI tradition. Both tutee and
tool use of computers are very supportive of the personal-
ized curriculum. They often occur in the context of a
project-driven instructional approach in which the student
has selected the goal(s) and procedure(s) of the project.

Technology and the Cognitive Processes
Conception

Almost all computer programming instruction can be
viewed from the cognitive processes conception of curricu-
lum. The reason that educators teach programming is the
hope that it makes learners better problem-solvers. From
grade school Logo to Advanced Placement Pascal, the
emphasis in programming instruction has been on the
exercise of mental faculties and the development of
problem-solving skills. Logo and the procedural languages
such as Pascal embody in their designs the adoption of the
top-down problem-solving method. Indeed, it is very
difficult to accomplish much in any of these languages
without using this top-down approach, which requires the
programmer repeatedly to subdivide problems into increas-
ingly smaller sub-problems. Educators hope that problem-
solving abilities acquired this way are transferable to other
domains, such as mathematics. Much of the research on
Logo and other languages has studied such questions
albeit with inconclusive results.

As mentioned earlier, the cognitive processes cturicu-
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lum must also include discussion of educational simulation
and problem-solving software. There is a wide variety of
software, often in a game format, that requires the student to
use knowledge and problem-solving abilities to complete
such tasks as: find a monster in a swamp, rule a monarchy,
operate a food concession, travel the Oregon Trail, or catch
an international criminal. Finding the swamp monster
efficiently in "hurkle" type programs, for example, requires
the learner to learn or to invent the binary search strategy.
By way of further example, successfully ruling a kingdom
in "hammurabi" type simulations requires the learner to
make and repeatedly to revise heuristics about how many
bushels of grain must be planted in order to feed the
population in the coming year. Additional aspects of well-
designed problem-solving and simulation software are that
it can cause learners to think creatively across multiple
disciplines, and that it often can be used in cooperative
groups.

Technology and the Classical Conception of
Curriculum

Consideration of the classical conception of curriculum
brings this discussion full cycle. As mentioned earlier, the
one way that the classical curriculum does relate to modern
instructional technology is that it is most often the content
delivered via the technological conception. As a content
area, technology cannot be a formal part of the classical
curriculum. However, because the computer science
domain has much in common with the classical fields, it is
often treated as such. It has rigor (a formal proof can be
constructed to show that an programming algorithm is
correct and complete), aesthetics (programming algorithms
have varying degrees of elegance, and can be ugly or
beautiful), and is mentally challenging. Therefore, com-
puter science as a curriculum has become a part of the
academic curriculum in many high schools. It is most often
taught in a very traditional manner. The more innovative
methods of using instructional technology in computer
science are no more fully developed or implemented than
they are in any part of the classical curriculum.

Summary
One important reason for the study of varying concep-

tions of curriculum is that apparent conflicts in educational
practices begin to make sense if one understands the mind
sets that are behind the conflicting practices (Purdom and
Purdom, 1992.) Educators who understand this issue are
better prepared to deal with content, method, organization,
and evaluation of curriculum in their own teaching (McNeil,
1985.) In the case of modern instructional technology, the
importance of these purposes can hardly be understated.
Obviously, there are gray areas that lend themselves to
differing interpretations. This paper has striven to identify
the dominant themes.
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Using Technology:
Assessment of Learner

Characteristics and
Appropriate Instruction

Joel Levine
Barry University

The current reform and restructuring efforts in the last
decade have brought about many approaches and models for
effective teaching and student learning. These approaches
and models include: cooperative learning, individualized
learning, active learning, problem-solving and thinking
skills, learning styles, use of manipulatives, use of technol-
ogy, thematic approaches, and interdisciplinary approaches.
The focus in education has shifted to the learner, recogniz-
ing their characteristics and preferences and providing
appropriate instruction. Educators, however, are faced with
questions that will challenge their skills, expertise and
resources. These include: How can learner characteristics
and preferences be identified? How important are these
learner characteristics and preferences to the learning
process? How can these learner characteristics and prefer-
ences be integrated into the instructional process? How can
materials and technology be used to facilitate the instruc-
tional process and enhance learning for students with a
variety of characteristics and preferences. Some possible
solutions and/or strategies can be explored.

Learner CharacteristicsImpact and
Identification

The field of education has always acknowledged the
existence of learner characteristics and preferences but there
have been few successful attempts to adequately provide for
studenta in typical classrooms in this country. The problems
associated with these attempts include class size, appropri-
ate instructional strategies, appropriate resources, and
appropriate initial and continuous assessment regarding the
identification and changes in these learner characteristics
and preferences. As previously mentioned, many diverse
instructional strategies are now being used more frequently
nationwide. In addition, instructional resources such as
manipulatives, audio/visual (AN) materials, and computer-
based materials are having a very positive impact on
instruction. Educators need to be able to identify special
characteristics and preferences and attempt to use the
appropriate instructional strategies and resources to opti-
mize each student's learning outcomes. The issues of
concern involve both assessment to identify learner
characteristics and preferences and the instructional
integration of the results. Assessment itself is not a primary
issue. Assessments still play an important role in the
learning process. In fact, many diverse assessment instru-
ments and strategies are currently being used. These
instruments and strategies include: formative evaluation,
summative evaluation, portfolio assessment, and perfor-
mance assessments. Recent practices tend to place less
importance on standardized tests. Standardized tests have
received many criticisms regarding their adequate represen-
tation of student knowledge, skills, behaviors, and experi-
ences for specific content taught while not accounting for
chronological age and their social, cultural, and racial
background (Spandel ard Worthen, 1991). Most standard-
ized tests have we4k relationships to the teaching-learning
process and should not be used to label/categorize students,
predict their performance, and dictate or restrict what is
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lum must also include discussion of educational simulation
and problem-solving software. There is a wide variety of
software, often in a game format, that requires the student to
use know ge and problem-solving abilities to complete
such tasks : find a monster in a swamp, rule a monarchy,
operate a f . concession, travel the Oregon Trail, or catch
an internatio criminal. Finding the swamp monster
efficiently in " urkle" type programs, for example, requires
the learner tol or to invent the binary search strategy.
By way of furthe xample, successfully ruling a kingdom
in "harnmurabi" ty . simulations requires the learner to
make and repeatedl o revise heuristics about how many
bushels of grain must planted in order to feed the
population in the corni4 year. Additional aspects of well-
designed problem-solvin and simulation software are that
it can cause learners to thi creatively across multiple
disciplines, and that it often kan be used in cooperative
groups.

Technology and the Classical Conception of
Curriculum \

Consideration of the classical Cemception of curriculum
brings this discussion full cycle. As Mentioned earlier,
one way that the classical curriculum does relate to m9drn
instructional technology is that it is mok often the cqntent
delivered via the technological conceptidn. As a cpttent
area, technology cannot be a formal part Of the cjssical
curriculum. However, because the computer Oence
domain has much in common with the classieal fields, it is
often treated as such. It has rigor (a form roof can be
constructed to show that an programmin algorithm is
correct and complete), aesthetics (,propámming algorithms
have varying degrees of elegance, an can be ugly or
beautiful), and is mentally challengifg. Therefore, com-
puter science as a curriculum has ome a part of the
academic curriculum in many hh schools. It is most often
taught in a very traditional majier. The more innovative
methods of using instruction,1 technology in computer
science are no more fully d veloped or implemented than
they are in any part of the lassical curriculum.

Summary /
One important rea,t(on for the study of' varying concep-

tions of curriculum is, that apparent conflicts in educational
practices begin to nyake sense if one understands the mind
sets that are behind the conflicting practices (Purdom and
Purdom, 1992.) Educators who understand this issue are
better prepared to deal with content, method, organization,
and evaluation of cuniculum in their own teaching (McNeil,
1985.) In the case of modem instructional technology, the
importance of these purposes can hardly be understated.
Obviously, there are gray areas that lend themselves to
differing interpretations. This paper has striven to identify
the dominant themes.
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taught (Spandel and Worthen, 1991).
Educational tests are used in schools to achieve four

puiposes: accountability, selection, evaluation of educa-
tional innovations and projects, and instructional guidance
(Tyler and White, 1979). Most often students are tested on
academic achievement for the purpose of accountability or
selection into an academic group. Unfortunately, educa-
tional tests are not used with great frequency for instruc-
tional guidance. Hopefully, a renewed interest in tests for
instructional guidance will lead to recognition and accep-
tance for the assessment of learner characteristics and
preferences. However, this can only be accomplished if the
definitions, theories, importance and roles involving learner
characteristics and preferences are clarified and significant
research has been conducted.

The initial concern involves a definition, explanation,
and examples of learner characteristics and preferences.
These characteristics and preferences represent a very broad
area and would include any features or attributes, learned or
acquired or innate that a student brings into a particular
learning environment. These characteristics and preferences
may have foundation in many of the following areas:
academic, interests, cultural, attitudinal, and learning styles.
Many of these areas represent a large number of characteris-
tics that are often related to other areas. Motivation alone is
affected by many personal characteristics such as interest,
need, value, attitude, aspiration, and incentive (Gage and
Berliner, 1984). Childhood factors related to home back-
ground also affect motivation. These factors include
achievement, independence, self-reliance and aspirations
that have been communicated by parents and others (Gage
and Berliner, 1984). Motivation problems also differ by a
student's grade level/age due to immaturity or poor social-
ization (Stipek, 1988).

There are many ways to categorize and focus on the
many learner characteristics and preferences that may
significantly impact how a learner will succeed in a
particular learning situation. New and existing theories
continue to be researched and verified. However, learning
styles theories and approaches are gaining greater accep-
tance due to significant research and successful results from
practitioners. Substantial research indicates that the accom-
modation of student's learning style preferences improves
the achievement and attitudes (Dunn, Beaudry, and Klavas,
1989). Perhaps these theories will be the first of many that
can readily assess learner characteristics and preferences
and be utilized to improve student outcomes in the class-
room.

Learning style theories represent characteristics and
preferences that encompass many areas. Teaching based on
learning styles assumes that children have different cogni-
tive, affective and physiological characteristics which affect
their ways of perceiving, processing and learning. Learning
styles include perceptual preferences (visual, auditory, and
kinesthetic), orientation towards cooperation or competition,
type of motivation (extrinsic, intrinsic), preferred degree of
work structure (unstructured, structured) and environmental
preferences such as lighting, temperature, background noise,

and type of furniture (Louisell and Descamps, 1992).
This definition of learning styles reflects some of the

learning style theories espoused over the last twenty years.
Unfortunately, there are many others that differ in their
conceptualizations and approaches. These other theories
include modalities, multiple intelligences, and right/left
brain dominance. The lack of consistency among many
theories regarding definitions and conceptualizations have
contributed to weaken the results of research findings and
the direct application in educational environments (Curry,
1990). Some lack of evidence regarding the use of reliable
and valid instruments used in research has also weakened
research results and applicability (Curry, 1990).

Some learning style theories have been developed,
researched and applied with great success in a variety of
educational environments. A note of caution is needed
concerning reliance on using only one learning style
inventory. Like any other assessment instrument, placing
reliance on the results of just one learning style inventory
for all students is not educationally sound. The use of
different learning style instruments is recommended,
especially in light of some criticisms regarding inconclusive
and inconsistent research results.

Many educators are using learning style inventories.
They find them easy to administer and send away for
scoring. Receatly, many companies have computerized
their inventories and results can be easily obtained at the
actual testing location within a reasonable amount of time.
The use of computers for testing brings us into the larger
field of computer managed instruction (CMI). This
involves many procedures, strategies, and products that
enable educators to plan instructional lessons and manage/
assess the progress of students. This paper will only address
the CMI use of computers for assessment. However, a
special note of interest needs to be made regarding a unique
software package called 4mation (by Excel Incorporated).
It enables educators to utilize learning style results to plan
and implement effective and appropriate instruction. The
package helps teachers develop lessons for students who
have a variety of learner preferences. Educators are able to
improve teaching skills and improve student motivation
while developing and sharing lessons collaboratively with
other educators.

Utilizing Computer Assisted Testing
The advantages of using the computer to score learning

style inventories is similar to the advantages of using
computers for many kinds of tests. Some of the advantages
over paper and pencil tests include: greater standardization
of administration, improved test security, enriched display
capabilities, and enhanced response alternatives (Olsen,
1990). Computerized testing also provides the capability for
developing new item types, providing equivalent scores
with reduced testing time, minimization of certain measure-
ment errors, ability to measure response latencies and
patterns, and immediate test scoring and organized useful
reporting (Olsen, 1990).

Much research has been conducted regarding the

4.
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validity and reliability of using computerized tests versus
paper and pencil tests (Ward, 1984). The research primarily
involved tests of academic achievement and was very
favorable. Studies involving psychometric tests have also
evidenced equivalent validity and reliability as compared
with paper and pencil tests (Lushene, Oneil, and Dunn,
1974; Scissions, 1976; Katz and Dalby, 1981). Psychomet-
ric tests in computerized format must adhere to specific
guidelines due to the nature of the tests. The Guidelines for
Computer-Based Tests and Interpretations were published
by the American Psychological Association in 1986. These
guidelines help to insure validity and reliability, but critics
point out concerns about the equivalency of the form and
the nature of the criteria for validating computerized
versions of paper and pencil tests (Butcher, 1987; Kramer,
1988).

Computer assisted testing has become widely accepted
and currently is being used for many standardized tests,
including such well known tests as the Graduate Record
Exam and the Stro. ig-Campbell Interest Inventory. The
newer generations of tests include Computer Adaptive
Tests, Continuous Measurement tests and Intelligent
Measurement Tests. Computer Adaptive tests actually
adapt to the examinee performance based on presentation
speed, item content, item parameters and stopping rules.
The additional advantages include increased measurement
precision and reduced testing time (Olsen, 1990) Continu-
ous Measurement employs calibrated, curriculum exercises
or tasks which are embedded within a computerized
curriculum and used to unobtrusively estimate dynamic
changes in student knowledge and proficiency levels
(Olson, 1990). Finally, intelligent measurement utilizes an
intelligent knowledge base to perform sophisticated
educational measurement tasks (Olsen, 1990). It should be
noted that validity and reliability need to be significantly
examined for all these computerized methods of assessment.
Certain kinds of tests and individuals with certain character-
istics and preferences may not have their test responses
accurately interpreted by standardized algorithms and
knowledge bases.

All of these forms of computer assisted testing could
easily be applied to the use of learning style inventories.
The higher levels of adaptive and intelligent computerized
assessment would be more advantageous to the classroom
educator but any level of computerization would be helpful
in providing vital information about each student's charac-
teristics and preferences in order for educators to provide
appropriate instruction and resources.

Learner ProfilesBenefits and Use
The use of computers for testing at any level or mode

can obviously be very beneficial to educators for making
instructional decisions. However, as previously mentioned,
educators need to be cautioned about using only one test to
obtain an accurate and comprehensive picture of the learner.
One test may not be as valid and reliable for a particular
learner and may not reflect all characteristics and prefer-
ences of the learner. It should be obvious that there are a

great amount of characteristics and preferences that need
consideration. They range from abilities to learning styles
and thus need to be assessed by several instruments.
Educators can only make the best instructional decisions
with accurate and complete information. Developing a
profile of the student using a variety of assessments would
be a logical approach. The learner profile would be very
beneficial for decision-making by educators, just as
psychological profiles of criminals are used by law enforce-
ment officials.

The learner profile would be determined initially when a
student takes a series of tests at a designated time and/or
continuously while he/she receives instruction during the
academic year. The profile would need to be printed/
reported in a usable format for educators and would need to
be updated periodically. Obviously these profiles would
require a great amount of human time and effort to compile
and update. Hence, the use of computerized assessments
would be advisable.

The computerized assessment results from a variety of
computerized assessment instruments could each be printed
separately using eath company's software or services.
Results could then be combined and possibly categorized to
reflect common and/or related results. A specialized
computer program would need to be developed and utilized
in order to obtain reports that represent this combined data
about assessment results. The computerized profiles would
not only save significant time and work, but would provide
more efficiently organized and updated information that
educators could use in order to make the most appropriate
instructional decisions. Hence, use of computers to help
manage instruction can be very beneficial if used appropri-
ately.

Educators need to encourage the development and use
of software which can either provide appropriate reports
from results of separate instruments and then combined into
a profile. The obvious first step needed would be the
recognition, acceptance and use of a variety of assessment
instruments that would reflect a wide range of learner
characteristics and preferences.

Instructional RolesComputers and
Related Technologies

The educators in this country are increasingly using
computers and related technologies for instructional
delivery and the management of instruction. Some of the
effective uses of computers for management have already
been discussed. However, the instructional decisions that
will be made by educators after determining learner
characteristics and preferences is critical. Educators need to
provide appropriate instructional activities/experiences
which will accommodate and/or strengthen students
characteristics and preferences. Those aztivities/experi-
ences will need to incorporate appropriate instructional
strategies and resources. Obviously, the computer and other
related technologies are becoming excellent resources for
educators. They present academic content using a variety of
instructional strategies. The software being developed
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currently also addresses students diverse characteristics and
preferences. Students that demonstrate visual or tactile or
auditory preferences, for example, can benefit from
computer software that presents content in all of those
formats. Recent developments in computer-based multime-
dia materials also represent instruction applicable to
students having various learning styles (Carlson, 1991).

Computers and related technologies are also being used
for instruction and management simultaneously. Intelligent
Computer Assisted Insquction (I.C.A.I.) reflects one such
combination. The software has been developed to deter-
mine student needs and then utilize the knowledge bases of
content and instructional strategies to provide the most
appropriate instruction to the learner (Burns, Par lett, and
Redfield, 1991). Concerns expressed by educators involve
the degree of control of computer software and whether
appropriate instructional decisions are being made. Future
development of such systems would need to thoroughly
investigate the knowledge bases used and the algorithms
used. Most certainly, educators should encourage such
systems to incorporate knowledge bases and algorithms
related to varied learner characteristics and preferences.
This certainly would enable more accurate instructional
decisions to be made.

The use of computerized learner profiles could also be
incorporated into I.C.A.I. systems and thereby enable more
accurate instructional decisions to be made. The I.C.A.I.
systems may be a few years in coming, but there is no
reason why educators cannot start utilizing computerized
assessment results for providing instructional activities/
experiences which include the use of excellent computer-
based materials.

Description of some instruritents
The use of computerized assessment tools are a first step

for potential benefits. The remainder of this paper will
present the features of a few assessment tools. These
include:

E-LASSI (by H and H Publishing)
A Computer Assisted Testing instrument which mea-
sures student behaviors and attitudes towards learning
and studying. Ten scales are used: attitude, motivation,
time management, anxiety, concentration, information
processing, selecting main ideas, self testing, and test
strategies.
Student Survival (by Personal Style Publishing)
A Computer Assisted Testing instrument which gives
feedback to fust year college students regarding areas
that influence achievement I) Learning Styles 2)
Study Skills 3) Time Management 4) Career Develop-
ment.
Learning Styles (by Education Information Systems)
A Computer Assisted Testing instrument that identifies
a student's learning style and then suggests strategies to
improve the way they learn.
Max Inventory of Learning Styles (by Intellimation)
A Computer Assisted Testing instrument that is based

on right-brained, left-brained research and multiple
intelligences research . It uses visuals, sounds, and text
to suggest alternative learning styles for students and
teachers.
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Hypermedia no longer requires a detailed introduc tion.

The integration of multimedia and
hypertext forms a technological learning environment
capable of providing learners with a nonlinear approach to
education that has many recognized advantages. The
associative nature of hypermedia provides an arena in which
learners can "jump" to new ideas that are conceptually and/
or contextually related with the ease of clicking a mouse or
pressing a key.

The use of hypermedia in education involves three
fundamental applicationsknowledge presentation,
knowledge representation, and knowledge construction
(Nelson, 1993). Knowledge presentation refers to the vast
amount of information available to the learner within a
hypennedia environment. Knowledge representation refers
to the design of hyperrnedia programs: the metaphorical
comparison to cognitive psychology's proposed models of
memory in which information is linked in individually
meaningful ways. Knowledge construction refers to the
learner's ability to establish his or her own networks of
information from operating within such an information-rich
environment. This construction can also refer to students'
developing their own hypermedia programs for which they
decide how concepts and relationships are ananged for the
proposed "learners" who will use the software.

Teacher Education and Hypermedia
Not only do prospective teachers need to be content-area

experts, but they also need to be expert instructors as well.
Because of this dual-role responsibility of teachers, teacher
education often requires instruction that is able to "cut
across" the content areas. As a tool for educators,
hypermedia can help to alleviate this dual-role dilemma by
(a) providing content-area expertise and information and (b)
serving as a professional delivery system based on sound
instructional design principles. The different content areas
in which hypermedia has been applied include (a) earth
science (Barba & Armstrong, 1992; Levin, 1991); (b)
political science (Janda, 1992); (c) science education
(Marsh & Kumar, 1992); (d) second language learning (Liu
& Reed, 1993); (e) cell biology Hall, Thorogood,
Hutchings, & Carr, 1989); (f) history (Crane & Mylonas,
1988); and (g) social studies (Horton, Boone, & Lovitt,
1990). Scheid ler (1993) and Reed and Rosenbluth (in press)
explain how hypermedia can be used to "cut across" the
content areas by using hypermedia as a multidisciplinary
toolthat is, multiple content areas are addressed through
student constructions of hypermedia programs. Not all
applications for hyperrnedia are reserved to the content
areas, however, since hypermedia has also been applied
specifically within teacher education (Fitzgerald, 1992;
Martorella, Barton, & Steelman, 1991; Romance & Vitale,
1991).

Although there are numerous studies that have examined
the effects of learning with hypermedia in the different
content areas, few studies have examined learning about
hypermedia as its own area of content for prospective
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teachers. The current rate of technological advancements,
the popularity of hypermedia-assisted instruction (HAI), and
the proven effectiveness of HAI require that preservice
teachers be introduced to hypermedia-based applications,
particularly within education, so that this instructional
medium will be used most effectively. Learning about
hypermedia then creates the dilemma of effective measures
to quantify changes in hyperrnedia knowledge. There is
practically no available literature that examines comprehen-
sive assessment measures for general hypermedia knowl-
edge for both learning with and learning about hypermedia.
This paper will begin to fill this void.

Hypermedia is such a rich environment that simply
measuring changes in learner performance fails to target the
uniquely hypermedia-like advantages of incidental knowl-
edge, higher order thinking skills, and the organizational
structures of knowledge. There is a need for assessment
measures that target knowledge of hypermedia systems and
features as they are applied within an educational environ-
ment. Although paper and pencil measures recognizably
have limitations, they have long provided a valuable source
of data for educators and students. They do not, however,
provide a total picture. In pursuit of this more "total"
picture, we chose to use multiple methods for implementing
these assessment measures within our curriculum.

The focus of learning with HAI has yielded hypermedia-
based measures to analyze and evaluate the student's (in our
case preservice teachers) actual decisions throughout a
period of HAI using audit trails, keystroke mapping,
macros, and algorithms that can recreate the learner's
chosen path through hypermedia-presented information.
These measures are particularly effective at revealing where
a student has chosen to travel as he or she navigates through
the HAI environment. Of the three recognized uses of
hypermedia-1=w ledge presentation, knowledge represen-
tation, and knowledge construction (Nelson, 1993)these
measures provide insight specifically into information as it
is presented to the learner. Although these techniques have
proven effective for this purpose, there is also the need for
more global assessment methods to explain other informa-
tion as it relates to learning in the HAI environment.
Equally important is to develop an understanding of a
student's more general knowledge in order to provide clues
as to why the student may have made these certain choices.

Learning about hypermedia can begin to target students'
knowledge representation as they ponder and philosophize
the theoretical underpinnings of HAI. Deciding between
competing mental model definitions to determine one's own
structure of knowledge and recognizing the many represen-
tational possibilities within a hypertext programming
environment are both methods of encouraging students to
enhance their own knowledge representations. To better
understand this structural knowledge of a learner requires
operationalizing these inherently internal processes so that
they are more readily visible to others. Methods of graphi-
cally depicting these organizational frameworks are
available through concept maps and semantic networks.
Using both paper-and-pencil and computerized concept map

exercises, we were able to gain insight into preservice
teachers' structural knowledge of hypermedia-related
concepts.

Requiring students to develop their own hypermedia
software programs can begin to enhance their construction
of knowledge. Comparing students' responses on a concept
mapping exercise before, during, and after a course on
hypermedia can begin to reveal information about knowl-
edge construction. Therefore, developing one's own
software involves both learning with and learning about
hypermedia.

Types of Assessment
There are many different types of assessment. Forma-

tive assessment is intended to provide insight into student
progress, and the instructional strategies used, in an on-
going fashion. When used effectively, formative assess-
ment provides frequent feedback allowing students and
instructors to take corrective action in a timely manner.
Summative assessment is more long-range and is intended to
provide end-of-course information relative to the learner's
mastery of the subject matter and administrative information
for evaluating the effectiveness of the curriculum. There are
distinct differences between evaluationused to describe
the value or worth of a particular programand assess-
mentused to describe individual student's abilities and
achievement. In this paper we have chosen to reserve the
term "assessment" for the discussion of learners' academic
progress.

Traditionally, assessment has taken the form of paper-
and-pencil measures. Within a hypermedia learning
environment these measures fall short of capturing a
complete picture of the student's progress. Alternative
forms of assessment have been proposed that target more
comprehensive and realistic views of a student's progress
portfolios, journal entries, progress logs, oral discussions,
and learner-created materials (Cates, 1992; Shore, 1993).
These measures are capable of providing authentic opportu-
nities for learning experiences while also providing a
product that can be used for assessment. Computer-based
assessment methods have involved audit trails (Misanchuk
& Schwier, 1992; Nelson, 1993; Wang & Jonassen, 1993),
keystroke mapping (Bonk & Reynolds, 1992), and comput-
erized testing (Palumbo & Reed, 1988).

Audit trails provide a record of a learner's responses that
are made while engaging in hypermedia instruction.
Essentially, they provide a record of where the learner has
chosen to travel by generating a navigational re-creation of
these learner choices. It may be beneficial for the instructor
interested in using this means of assessment to realize that it
generates an enormous amount of data for even a single
student's instructional travels. A possible advantage of this
method is that it is transparent to the learner since the
computer captures the student's choices "behind the scene."

Keystroke mapping involves recreating learner choices
by having the computer record the learner's keystrokes as
macros so that they can be played back for analysis. Similar
to audit trails, keystroke mapping provides a method for
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examining where the learner has chosen to travel.
Computerized testing can involve using the computer to

score paper and pencil tests or using the computer to
administer and score the test. Advantages of using the
computer are obvious since scoring tests by hand is often
tedious. Advantages of using the computer to administer
the test may be less apparentscheduling of the test can be
done individually rather than waiting until the class has
come together and feedback can be immediate. A disadvan-
tage of this method of assessment is the expense involved
and the fact that the question format is often no different
from paper and pencil measurestrue/false, multiple
choice, short answer, etc.

Of the alternative forms of assessment that have been
proposedportfolios, journal entries, progress logs, oral
discussions, and learner-created materialswe chose
several of these methods for use as assessment measures
within our course of Hypermedia in Education. Individually
each of these methods alone lacks the ability to provide a
complete picture of the smdent's progress, but when used
collectively they provide an aggregate view of the student.
Feeling that even these methods when used collectively
lacked the means of (a) rating a student's initial level of
knowledge, (b) the capacity to group students, (c) assessing
general hypermedia knowledge, and (d) measure changes
related to hypermedia instruction, we developed an instru-
ment to achieve these goals of assessmentthe IAHK.

Instrument for the Assessment of
Hypermedia Knowledge

The IAHK has been developed as one method of
determining students' levels of expertise with hypermedia.
The instrument is designed to determine differences in
hypermedia novices and users of hypermedia with more
advanced levels of skill. Given the limitations of paper and
pencil measures, the instrument is not purported to measure
all aspects of hypermedia knowledge but is useful in
determining change in hypermedia knowledge. Reed,
Ayersman, and Liu (1993) found that the instrument
successfully measured preservice teachers' changes in
hypermedia knowledge as a result of instruction about
hypermedia which often included instruction using
hypermedia. As a result of a semester-length hypermedia
course, there was a significant increase from pretest to
posttest (t [14] = -9.39, p < .0001).

This instrumentthe IAHKis not being touted as a
comprehensive measure of hypermedia skills, but when
used in conjunction with other measures (some of which
have been mentioned) it is effective at measuring
hypermedia knowledge (Reed, Ayersman, & Liu, 1993). It
is effective for determining students' levels of expertise with
hypermedia which is useful for determining their needs for
instructional purposes. Essentially, this instrument provides
information that can be used for grouping students, measur-
ing change related to hypermedia instruction, orassessing
general knowledge of hypermedia. The instrument has
reached acceptable levels of reliability with alpha coeffi-

cients of .75 and .92.

The IAHK is a paper and pencil measure consisting of
32 items and includes seven short answer questions, 14
matching, five multiple choice, and six true/false questions.
Possible scores on the instrument range from 0 to 46 with
the short answer questions being more heavily weighted
than the other items of the instrument.

To better define the concept of "hypermedia knowl-
edge," we conducted a domain analysis of the instrument.
The 32-item Instrument for Assessing Hypermedia Knowl-
edge reflects six hypermedia knowledge domains: (a)
hypermedia theory, (b) hypermedia software, (c) general
hypermedia definitions and information, (d) hypermedia
applications, (e) hypermedia information structure, and (f)
hypermedia processes. The domain hypermedia theory
(five items) assesses students' understanding of the four
mental models associated with hypermedia learning
environments: (1) the hierarchically structured semantic
network, (2) the nonhierarchically structured concept map,
(3) the static and familiar frame and script, and (d) the user-
developed schema. The domain hypermedia software (five
items) measures their knowing such hypermedia devices as
CD-ROM, CD-I, DV-I, CAV, and CLV. The general
hypermedia-related definitions and information domain
(seven items) is represented by items that measure their
understanding of the terms hypertext, hypermedia, and
multimedia. The students' understanding of hypermedia
application (six items) is measured by the various forms of
hypermedia use (knowledge presentation, knowledge
representation, and knowledge construction). Their
understanding of hypermedia information structures (three
items) is assessed by such terms as nodes, links, and design
principles. Finally, their knowledge of the domain
hypermedia processes (five items) is evaluated via such
terms as learning, navigation, cognitive overhead, and lost
in hyperspace.

When we developed this instrument, we chose not to
excessively rely upon it for our sole source of information
about students' hypermedia knowledge. We chose to also
use other measures that targeted both cognitive and
metacognitive changes allowing us to gain an aggregate
look at the students' progress. The preservice teachers were
asked to maintain weekly response logs which allowed them
to record questions or points of interest about the readings.
Oral discussions were conducted weekly that allowed them
to present ideas from their response logs to the class and the
instructors. Printed copies of these response logs were
turned in to the instructors so that they could respond to the
points of interest or confusion raised by the preservice
teachers. These response logs were then categorized based
on a list of 30 nouns from Bloom's taxonomy of cognitive
levels. These responses were categorized initially by the
preservice teachers themselves to promote reflection and
self-appraisal and then later categorized by the instructors to
ensure accuracy. Other data were collected pertaining to
student attitudes toward hypermedia that also corm, outed to
the aggregate view of student change resulting from the
course experience.

414 Technology and Teacher Education Annual 1994

43 '47



Conclusion/Discussion
To determine the effectiveness of HAI requires new

forms of assessment which target more than simple recall
and recognition of information because these measures
represent only a portion of the learning potentially involved
in HAI environments. These new assessment procedures
should incorporate both formative and summative evalua-
tion measures not only to demonstrate the effectiveness of
the hypermedia training materials but also to provide
guidance in designing and producing more effective
hypermedia training materials in the future (Harvey, 1993).

Rather than rely on a single generalizable tool for
measuring the broad category of hypermedia knowledge,
perhaps the focus should be on locally produced instruments
that are effective at measuring cognitive change for those
specific students involved. Because of the inability of paper
and pencil measures to adequately encompass the total
picture of student abilities and the limitations of computer-
ized evaluative measures, multiple forms of assessment
should be used. Students' familiarity with paper and pencil
measures creates some consistency within an otherwise
technological world of CD-ROMs and laserdiscs.

Clearly, no single method is best suited to providing
evaluative data on a student's proposed learning, particu-
larly within a hypermedia environment. An innovative
combination of these methods can effectively target those
characteristics that are collectively representative of one's
learning. This paper presents one possible combination.
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As we quickly move into the next century disenchant-
ment with our schools mounts. There is a plethora of
criticism coming from almost every quarter of our society.
The common conclusion is that the schools are not doing
their "job." The target of the critics may center around the
deficiency of basic skills among our students or the inad-
equacy of the knowledge they reveal aboutbasic topics,
such as history, geography, or science. Or, critics may focus
on the lack of engagement of the student in the educational
process itself. In other words, few are pleased with the
impact of the schools on its students.

We offer in this brief essay a diagnosis of what might be
amiss in our schools and more importantly we offer a
prescription for what might bring about significant change
in the way the schools educate. We will use the perspective
of Neil Postman in analyzing the present societal condition.

Many commentators on the contemporary scene have
noted deep changes in American and Western society.
David Harvey (1989) in his perceptive book, The Condition
of Postmodernism talks of a "fading of unified Enlighten-
ment beliefs" (p. 31) that once guided and directed our
culture. Where once we agreed upon a foundational set of
beliefs buttressed by the authority of tradition, reason, and
rationality we find in its place a plurality of perspectives.

Neil Postman (1985) talks about this in his discussion of
the displacement of the written tradition. Postman finds that
there is a transition from the school's emphasis on tradi-
tional written literacy embodied in "the book" to that of the
television culture. The shift brings with it epistimological
concerns. With the written culture, continuity with the past
was insured. Reading itself promoted rationality.

As Postman put it:
From Erasmus in the sixteenth century to Elizabeth
Eisenstein in the twentieth, almost every scholar who
has grappled with the question of what reading does
to one's habits of mind has concluded that the
process encourages rationality; that the sequential
propositional character of the written word fosters
what Walter Ong calls the 'analytic management of
knowledge.' To engage in the written word means to
follow a line of thought, which requires considerable
powers of classifying, inference-maldng, reasoning
(p.51).
With the emergence of the television culture the habits

of mind turn to an "everpresent tense." The past, therefore,
becomes irrelevant and only the present as represented
through pictures and sounds are important. Postman (1985)
believes that the ability to sustain attention and self-directed
thought become casualties with this medium; entertainment
and distraction become keenly sought.

In Teaching as a Conserving Activity (1982), Postman
viewed the competing mindsets in a dialectic fashion. To
Postman, the school should represent traditional literacy and
the habits engendered by reading against the dominant
culture of television and instant gratification. He even held
fast against bringing the medium of television into the
classroom, since by its very nature it subverts the qualities
of mind that education should nurture.
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Television is, of course, but one cause in what is referred
to as the postmodern temperament. But what is clear is that
there is a great number of students who reveal the
postmodern mindset: the willingness to live in a reality of
pluralism, fragmentation, and ephemcralism. To such a
mindset, today does not resemble tomorrow, therefore the
wisdom of the present is not a reliable guide to the future.
There are many voices speaking rather than one authorita-
tive voice. Accordingly what occurs in schools seems
shadowy and unreal.

Society has changed, its students have changed, while
the school has been clinging to a narrow ledge of the past.
We are more than sympathetic to the habits of mind
developed by the tradition of literacy, but the schools cannot
force feed literacy by its present methods. We realize that
once literacy is attained by the student it provides an
enormous power for dealing with life. The question
becomes one of whether to continue a practice that is no
longer working or to introduce a new way that engages
students in a more promising educational process? It may
well be that many students whg reveal short attention spans
choose this behavior as a way of dealing with an irrelevant
educational setting.

The answer to the preservation of literacy while at the
same time engaging the student is to enlarge the idea of
literacy into emerging educational technologies. Literacy
would then be viewed, not as an opponent of technology,
but rather as a vital part of a new world literacy process.
The computer and interactive technology hold an immediate
promise of placing the student in an active position of
developing intellectual control. Computer and interactive
media empower the student to reach beyond his classroom
to areas of concern and interest. Like the traditional library,
it unlocks worlds and encourages active exploration. What
is compelling about this new world literacy is that it permits
the student to work directly upon the world, to learn about it
and even affect it. Written works, texts, and books will be
enlivened as a part of a living search. Students will read
Shakespeare interspersed with enacted scenes from his
plays. They will look at a masterpiece from the Louvre
while reading what a perceptive critic has discerned about
the painting. They will see the ground where the Battle of
Hastings was fought while reading about its events. They
may even offer strategies to the unfolding battle and see the
effects as events play themselves out. The student becomes
thus both a witness to the actual or reproduced referents in a
written text and an active player in the dramas of the world.
In the process the student learns ways of discovery and
understanding through rich connections to multiple sources.

The habit of mind that is most nurtured by the process of
world literacy is a progressive and unrelenting probing of
various phenomena to expanding patterns of meaning. Such
habits of mind transfer well beyond school. They induce an
appreciation of the connections of the immediate and
present to the far and the past. Moreover, they provide the
individual with ways of continuing his education.

Bringing world literacy into the heart of the school
curriculum would require radical changes in the current

4 - 0

generation of teachers and in the way we prepare the next
generation. Technically competent teachers, who are aware
of, and able to use, the power of information technologies,
would certainly be one necessity. Technical competence
would not, however, be a sufficient condition. For many
educators, a change in foundation beliefs and assumptions
about education and its role in society would also be
required. That would include alternative philosophies of
education, epistemologies, theories of learning (for both
children and professionals), and theories that help define the
role of education in society.
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From the solitary student sitting in front of a computer
tutorial to a group of students looking up at the information
presented using an LCD panel, learners are exposed to
screens of information which are supposed to help them
learn more effectively. Gestalt theory helps develop a
method of planning presentation elements to help viewers
learn more effectively. This is particularly true when one
considers how important visual perception is during a
multimedia presentations because visual perception in
learning is explained by Gestalt theorists.

Two major aspects of Gestalt theory can help guide
screen design. The Laws of Perception explain how
individuals perceive and organize their auditory and visual
fields. These laws explain how the individual organizes
fields from'the environment (Koffka, 1935). Another aspect
to the theory which can aid in screen design is the proposi-
tion that individuals learn most things by understanding the
meaning of the underlying progression of parts (Bower and
Hilgard, 1981). Koffka (1935) stated that information was
easier to learn when individuals could understand it and
form bridges with previous information. New information
is organized and connected to previous information to form
an organized whole. This organized whole is often called a
Gestalt.

Both multiple screen and single screen designs can be
guided by Gestalt principles. While single frame design
will be discussed here, it should be mentioned that Gestalt
theory can guide the arrangement of a frame series to aid
individuals in the development of concepts. Longstreet
(1992) suggested that conceptual insight can be aided by
creating an organized series of frames. This series of frames
should provide students with a clear pattern in order to
facilitate learning a particular concept. The pattern formed
by these frames would provide the learner with a Gestalt.
When a series of frames is used to create a Gestalt it can be
called between frame design. Between frame design is
guided primarily by that portion of the theory which
addresses the individual's attempt to make sense of the
world by connecting information to create a Gestalt.

What will be discussed here is within frame design.
Within frame design is primarily based upon the Gestalt
Laws of Perceptual Organization. According to Kohler
(1947) and Koffka (1935) visual fields are organized into
visual patterns that are grouped according to Laws of
Perceptual Organization. These laws involve: figure-
ground relationships; proximity; similarity; common
direction; and simplicity. When seeing a whole field as in
'he case of a screen projected from the computer using an
LCD panel, the viewer remembers information based upon
how the information is perceived and organized.

Design Principles: Text
Gestalt perceptual laws can help us decide how text

should be presented on the screen. The current technology
allows us to animate text, change colors, change fonts, flash
words, underline, highlight words and phrases, and alter text
size. According to Gillingham (1988) and Longstreet
(1988) this technology can hinder or aid learning.
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Television is, of course, but one cause in what is referred
to as the postmodern temperament. But what is clear is that
there is a great number of students who reveal the
postmodern mindset: the willingness to live in a reality of
pluralism, fragmentation, and ephemeralism. To such a
mindset, today does not resemble tomorrow, therefore the
wisdom of the present is not a reliable guide to the future.
There are many voices speaking rather than one authorita-
tive voice. Accordingly what occurs in schools seems
shadowy and unreal.

Society has changed, its students have changed, while
the school has been clinging to a narrow ledge of the past.
We are more than sympathetic to the habits of mind
developed by the tradition of literacy, but the schools cannot
force feed literacy by its present methods. We realize that
once literacy is attained by the student it provides an
enormous power for dealing with life. The question
becomes one of whether to continue a practice that is no
longer working or to introduce a new way that engages
students in a more promising educational process? It may
well be that many students whg reveal short attention spans
choose this behavior as a way of dealing with an irrelevant
educational setting.

The answer to the preservation of literacy while at the
same time engaging the student is to enlarge the idea of
literacy into emerging educational technologies. Literacy
would then be viewed, not as an opponent of technology,
but rather as a vital part of a new world literacy process.
The computer and interactive technology hold an immediate
promise of placing the student in an active position of
developing intellectual control. Computer and interactive
media empower the student to reach beyond his classroom
to areas of concern and interest. Like the traditional library,
it unlocks worlds and encourages active exploration. What
is compelling about this new world literacy is that it permits
the student to work directly upon the world, to learn about it
and even affect it. Written works, texts, and books will be
enlivened as a par of a living search. Students will read
Shakespeare interspersed with enacted scenes from his
plays. They will look at a masterpiece from the Louvre
while reading what a perceptive critic has discerned about
the painting. They will see the ground where the Battle of
Hastings was fought while reading about its events. They
may even offer strategies to the unfolding battle and see the
effects as events play themselves out. The student becomes
thus both a witness to the actual or reproduced referents in a
written text and an active player in the dramas of the world.
In the process the student learns ways of discovery and
understanding through rich connections to multiple sources.

The habit of mind that is most nurtured by the process of
world literacy is a progressive and unrelenting probing of
various phenomena to expanding patterns of meaning. Such
habits of mind transfer well beyond school. They induce an
appreciation of the connections of the immediate and
present to the far and the past. Moreover, they provide the
individual with ways of continuing his education.

Bringing world literacy into the heart of the school
curriculum would require radical changes in the current
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generation of teachers and in the way we prepare the next
generation. Technically competent teachers, who are aware
of, and able to use, the power of information technologies,
would certainly be one necessity. Technical competence
would not, however, be a sufficient condition. For many
educators, a change in foundation beliefs and assumptions
about education and its role in society would also be
required. That would include alternative philosophies of
education, epistemologies, theories of learning (for both
children and professionals), and theories that help define the
role of education in society.
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The first Gestalt perceptual law that can aid in this
decision making is the figure-ground law. The text should
be clearly defined in relationship to the screen background.
This should be used to inform the background color and
foreground colors chosen. Text must be clearly seen to be
understood. While many colors are available for use; care
should be taken in choosing colors that have clear contrast
between them. For example a red background with pink
letters would be a poor choice because the background and
foreground (the image or form on the screen) visually
merge.

The figure-ground law also suggests font type and size.
Screen letters are formed using pixels. Some fonts become
blurred when they appear on the screen because of the
spaces between pixels. When fonts with small spidery
letters (fonts which have extremely thin lines) are used,
decoding the letters hinders understanding because they
merge into the background just as pink letters fade into a red
background. This also indicates that clear sharp lines
should be used for fonts and spacing between letters and
lines should be such that there is clear letter definition.
Clearly defined letters and words allows the viewer to see
differences and decode the words without the added burden
of decoding letters first. Since in Gestalt theory the
individual interprets what is viewed according to prior
experience, if the letters are not spaced appropriately and/or
are poorly formed the individual letter interpretation may
not be possible. For example, if we look at "c-1" we tend
to fill in the blanks. The blanks may be interpreted as cool,
coal, or caul. We have the tendancy to see what is con-
nected to our memories rather than what the word may
actually be. This is especially true when the letters are not
clearly formed.

What about flashing, animated text, and color? When
using Gestalt principles these techniques can enhance
learning because according to Kohler (1947) the reconstruc-
tion of information can be aided by directing attention to
specific items in a visual display. With text of one size,
color, and font on a screen no one element will be different
from another. This is explained by the law of similarity.
Visual field elements will be viewed as a whole unless some
elements are different. We can aid the student by using
different colors to indicate key words and phrases. When
color is not available, underlining, boxik the word or
phrase, or changes in font or size of letters accomplishes the
same thing. Flashing text is also appropriate if the flashing
gains attention then stops once attention is called to it.

Text organization is also important if the student is to
retain screen information. The law of proximity suggests
that when information related to two concepts is presented
on the same screen, the information related to each concept
should be placed together, so that the information is
perceived as related and therefore grouped together in the
visual field. This helps the student to chunk the information
for easier recall by associating the concept name with its
attributes.

Design Principles: Graphics
Illustrations and animation are often used in screen

1
)

presentations. How these are perceived can affect how well
the student learns the material. In some cases, paphics can
be distractions that hinder learning or misguide the student
(Longsrreet, 1988; Hannafin & Flooper, 1989). When using
illustrations and/or animation the visual input should
reinforce what is to be learned or give conceptual informa-
tion that can aid the learner in building an accurate under-
standing of the material. Pictorial information that is well
organized can aid the learner when recalling information
later. As with text the Gestalt Laws of Perception can guide
the use of illustrations and animation.

The figure-ground relationship should be clearly
defined so that the majority of learners will interpret the
illustration in a similar way and without ambiguity. We
have all seen drawings that can either depict one thing or
another, for example, the faces or vase drawing. The first
time we see the picture we may see a vase. If this is the case
and we see the same drawing again but perceive it as two
faces, we will not remember the first viewing as a vase. It is
important to note that the learner will focus on what he or
she perceives as the foreground (main picture) of an
illustration, so that the attention in design should be given to
the foreground and that the foreground helps clarify or
illuminate the material to be learned. If an instructional
illustration is ambiguous in this way it can hinder learning.
When the figure and ground within an illustration can be
reversed and depict a subject other than the one desired for
instruction, it should not be used. Clear illustrations should
be used. Just as text needs to be clear to the learner, so do
the illustrations.

The law of proximity also suggests that related items
should be located closer together than non-related items. A
simple example would be a screen in which both vegetables
and fruits are shown to young children. Vegetables should
be placed in a group separate from fruits. According to this
law when things are placed closely together, the individual's
perception recalls the members of the group more accu-
rately.

Illustrations and animation should clarify or depict the
concept or subject addressed by the text in order to help the
individual learn the desired material. Since Gestalt theory
supports the idea that individuals organize information in
order to retrieve it from memory later, the use of graphics
should connect to the written or auditory information to
create a whole or Gestalt.

Animation should clarify or illustrate what is to be
learned. If the learner is paying attention to an animated
sequence, the information contained in that sequence will be
recalled because the motion draws the individual's attention.
Since this is the case, superfluous animation can hinder
learning because the individual will recall it rather than the
information desired. As can be seen when the law of
simplicity is applied the individual will attend to those
features which are dissimilar from the whole which explains
why the individual will attend to the motion and remember
it. Directive animation should be used. Directive animation
illustrates a concept by using pictures and motion. Anima-
tion which does not directly show an important element of
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the instruction should not be used because it will interfere
with the retrieval of the desired information at a later time.

Gestalt theory should be drawn upon to inform screen
design so that instruction using computers for solo tutorials
or for group instructional presentations can be more
effective. With careful planning screen designs can be more
supportive of the learning desired. A checklist is provided
to aid the review of within frame screen design.

Within Frame Screen Design Checklist

Text

1. Background and foreground colors have good contrast
(figure-ground)

2. Clearly formed letters (figure-ground)
3. Spacing between letters facilitates letter clarity (figure-

ground)
4. Spacing between words and lines facilitates separation of

words and lines (proximity)
5. Important terms and phrases are highlighted by use of

underlining, color difference, font difference or size
difference (similarity)

6. If flashing is used to draw attention to a term, it is for a
short period (similarity)

7. Related terms are grouped together (proximity)

Graphics

1. Illustration(s) are unambiguous (figure-ground)
2. Like items are grouped together (proximity)
3. Illustrations and animation support written or auditory

information (Gestalt formation)
4. Directive animation is used (Gestalt formation)
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For many years the stand-alone course wasthe only
exposure preservice teacher eductation students had to
computers and related technologies. In many colleges of
eduction that is, in fact, still the case txlay. The papers in
this section are, however, a reflection of the changing
nature of educational technology courses designed specifi-
cally for teacher education students. Two papers, one by
Brownell and Brownell and one by Burson and Willis, do
discuss stand alone courses. The Burson and Willis course,
taught at the University of Houston, is a generic course in
the tradition of required educational computing courses.
The Brownell course, taught at Bowling Green State
University, is, on the other hand, a more specialized course
that was created specifically for secondary education
majors. We are likely to see more and more of these
specialized courses. Even in the generic University of
Houston course there is an effort to customize the course to
the career plans of each student.

Other papers in this section address issues that are at the
heart of any effort to offer teacher education students a
course on technology. McKenzie's article as well as
Higdon's paper deal with the question of what should be
taught in instructional technology and media courses.
McKenzie, working at West Georgia College, took the
unusual step of surveying school administrators and
teachers, teacher educators, and preservice students. She
then used the survey data to develop a plan for modifying
the media courses preservice teachers were required to take.
Higdon, on the other hand, starts with theoretical perspec-
tives and develops general guidelines for considering the
concept of computer literacy for teachers.

Cashman and McCraw's paper on preparing preservice
teachers to use technology is also a consideration of what,
and how, we should be teaching the next generation of
educators. Their approach to revising the media course
emphasizes the need to move away from specific technical
skills such as laminating pictures and making transparen-
cies. As they say, "Recent advances in technology have
made these activities passe." They do not, however, take
what at first appears to be a logical step and simply replace
instruction on making 35mm slides, or threading 16mm
projectors, with equivalent skills on the computer (e.g.,
creating electronic photographs or operating the barcode
wand of a laserdisk player). Instead they focus on need to
provide students with a conceptual and theoretical frame-
work for thinking about instruction, and about using
technology to support instruction. Cashman and McCraw
do not ignore the technical skills needed to effectively use
modern instructional technology, but they do not view those
skills are the central focus of their course.

The final paper in this section is Nancy Todd's discus-
sion of creating multimedia materials for an undergraduate
instructional design course at Eastern Washington Univer-
sity. She was one of several faculty at Eastern Washington
who participated in a federally funded project to improve
undergraduate education. All the faculty were interested in
learning to develop multimedia instructional packages for
the undergraduate courses they taught. Using Authorware
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as the development environment, Todd created a tutorial
program for her instructional design course. Faculty from
other disciplines created everything from a HyperCard stack
on punctuation errors to a geology catalog of scanned
images of minerals. The project, which involved faculty
from many different departments, is one example of an
approach to encouraging more university faculty to use
technology_provide training and support to a group of
volunteers who are genuinely interested in creating materi-
als they will use in their own courses.

Jerry Willis is Professor of Instructional Technology' and
Director of the Center for Information Technology in
Education Clare Walsh, Juanita Hurst, Kathy Matthew,
and Marco Teran are graduate students in the IT program,
College of Education, University of Houston, Houston,
Texas 77204. e-mail: jwillisajetson.uh.edu
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What Content Should Be
Included In Pre-Service

Instructional Technology
Courses?

Barbara K. McKenzie
West Georgia College

.1 4 t,
;4 4. .1

With the ever-accelerating changes in technology in the
schools, the increased demands being placed on teachers to
be computer and technology literate, and the growing
emphasis being placed on student problem solving skills
through the utilization of technology, teacher training .

institutions must be prepared to produce practitioners who
can successfully handle these challenges (Munday,
Windham & Stamper, 1991; Ritchie & Wiburg, 1993;
Sheingold, 1991; Yopp, 1993). To ensure the instructional
technology course delivered at West Georgia College, MED
4/601, was effective in meeting the current technology
training needs of the students, the Dean of the School of
Education gave the Media Education Department the charge
of examining its course content and instructional activities.
This paper will describe the needs assessments instruments
that were designed and administered, summarize their
findings, and describe the restructuring efforts that have
taken place in the pre-service instructional technology
course the past two years.

Needs Assessment Instruments
Three needs assessments were conducted to collect data

from practitioners, teacher trainers, and students enrolled in
the instructional technology classes. Information on the
types of technology training needed by today's practitioners
and future teachers and the effectiveness of the instructional
technology course were collected.

Practitioners Technology Needs Assessment
In May of 1992 administrators and teachers in eight

schools in a Georgia county school system were asked to
complete a technology questionnaire. Using a 5-point
Liken scale, respondents were asked to indicate their
previous experience with 26 types of technology, ranging
from the older to the new and emerging types of technolo-
gies being integrated in the schools. A 5 on the scale
indicated the teacher was very experienced with the
technology while a I represented no experience at all.

Teacher Trainers Technology Needs Assessment
In October of 1992 ten faculty members in the School of

Education were given a technology questionnaire asking
them to identify the types of content they felt should be
delivered in MED4/601 and to suggest course alterations.
This information was collected to reduce the content overlap
between methods classes and the instructional technology
class and to provide the media faculty with specific informa-
tion on the types of technology that teacher trainers felt were
necessary for their students. To obtain the data faculty were
asked to respond to both closed and open-ended questions.
They were asked to use a 5-point Liken scale and indicate
how strongly they agreed with including a variety of
technology content in the class. A 5 indicated strong
agreement with the content while a 1 represented strong
disagreement Faculty were also asked to describe any
course additions or deletions they viewed as necessary to
improve student's technology skills and knowledge base.
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Students Technology Needs Assessment
The final needs assessment questionnaire was given to

42 students enrolled in two instructional technology classes
the summer of 1993. During the last week of class students
were asked to evaluate the degree of importance of the
course content that was just delivered, to describe the
aspects of the course they felt were most valuable, and to
suggest course additions and deletions. To rate the degree
the of importance of the course content a 4-point Liken
scale was applied. A 4 indicated the student viewed the
contrnt as very important to their professional development
in technology while a I represented unimportant. Students
were also asked to evaluate whether or not the class had met
their instructional technology training needs.

Technology Findings
This section talks about three types of perceptions: The

Practitioner's, The Teacher Trainer's and The Student's
Perceptions.

Practitioner Perceptions
Two hundred and forty-seven practitioners, consisting of

administrators and teachers in eight county schools and
their instructional support staff, completed the technology
training needs assessment surveys, a 73.1% return rate. The
top five technology areas identified by practitioners as needs
the most training are displayed in Table 1.

The school system used in the study was in a rural
setting and in the process of planning and updating the
technology in their system. Those participating in the study
consisted predominantly of teachers (88.5%), were females
(82.6%), worked at the elementary school level(38,2%),
were 30-39 yearb old(34%), and had 1-5 years teaching
experience (29.1%).

Teacher Trainer Perceptions
Seven of the ten School of Education faculty members

completed the technology course content survey, a 70%
return rate. The five types of content sited as the most

important for the instructional technology class are summa-
rized in Table 2. As can readily be observed the new and
emerging types of technology headed the list.

The open ended questions yielded a number of useful
suggestions for course additions, deletions, and changes.
Six of seven respondents reported that providing more
classroom instruction on computer utilization skills and
applications were needed (85.7%) while five respondent
suggested more of an emphasis on planing and producing
instructional videotapes (71.4%). Concerning recom-
mended course changes, the most frequently reported
suggestions were to reduce the amount of time spent on the
design and development of inexpensive classroom materials
(42.8%) and reducing the amount of time devoted to the
operation and use of some of the older types of technology
(28.6%). The opaque, filmstrip, and Ektagraphic projectors
were viewed as being infrequently used in the schools today
and should not be addressed in class, unless specifically
requested by interested students.

Student Perceptions
The return rate on the student needs assessment was

100%. Their perceptions on the degree of importance of the
course content areas are summarized in Table 3 in rank
order of importance. It was interesting to discover that all of
the current course content was viewed as important. The
mean scores for the fifteen content areas ranged from 3.74
to 2.79 on a 4 point Likert scale.

With regard to students' assessment of the most
valuable course aspects, five distinct areas emerged. Of the
22 students that responded to this question, 52.4% of the
class, those aspects that had seven or more responses are
listed in Table 4.

The majority of the students, 57.1%, reported that the
course was appropriate in meeting their technology needs
and that nothing should be deleted. Twelve students,
however, listed a few course alterations. Those suggestions
that had a frequency of 2 or more were: (1) reduce the

Table 1
Technology Training Needs for Practitioners
Rank Technology Mean s.d.

I Satellite Communication and Long Distance Learning 1.4 .P0

2 CD-ROM Player 1.6 1.03

3 Laserdisc Player 1.8 1.27

4 Multimedia 2.1 1.26

5 Microfilm Reader 2.1 1.14

Table 2
Suggested Instructional Technology Course Content
Rank ogy Content Mean

1 Computers 4.8

2 CD-ROM Players 4.7

3 Videotape Player/Recorder 4.6

4 Laserdisc Player 4.4
4.2
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Table 3
Degree of Importance of Course Content in MED 4/601
Rank Course Content Mean s.d.

1 CD-ROM 3.74 .54

2 Computer 3.70 .71

3 Multimedia 3.68 .52

4 Videotape Production 3.62 .62

5 Laserdiscs 3.62 .58

6 Technology Safety Considerations 3.61 .59

7 Graphic Production Technique 3.43 .89

8 Long Distance Learning 3.41 .74

9 Overhead Transparency Production 3.30 .92

10 Evaluating Instructional Materials 3.30 .92

11 Communication Theory & Visual Literacy 3.20 .74

12 Photography 3.00 .76

13 Audiotapes 3.00 .91

14 Lettering Techniques 2.95 1.01

15 Mounting Media 2.79 .99

instruction on making inexpensive instructional materials
such as easels, displays, and mounting materials (9.5%); (2)
reduce the time spent on computer utilization skills (7.1%);
(3) eliminate the instruction on the older types of instruc-
tional technology (4.8%); and (4) reduce the amount of
instruction on preparing effective overhead transparencies
(4.8%).

Fifty-five percent of the class provided suggestions for
course additions. Those responses that had a frequency of
two or more were: (1) provide more hands-on experiences
with the equipment during class time (16.7%), (2) increase
the amount of time spent on computer utilization skills
(7.1%), (3) increase the amount of time spend on photogra-
phy (4.8%), and (4) purchase more computer software for
use in the computer lab experiences (4.8%).

There were a wide range of comments on the amount of
instruction and lab time devoted to the computer. Some
student expressed a need for more time spent on this
technology and its various applications while others
suggested decreasing the amount of time on computers. It
was suspected that students' previous experience with the
computer, their major and whether or not they viewed
computed utilization skills as an essential in their field, and
their Overall attitude towards the new and emerging
technologies in instruction strongly influenced their views
of the computer and its importance in today's school

systems.
The majority of the students in the instructional technol-

ogy class, 88.1%, reported that the class had prepared them
for their present and future technology responsibilities on
the job. The student participating in the study consisted
predominantly of undergraduate students (64.3%), were 18-
22 years in age (40.9%), female (81%), and majored in
Early Childhood Education (58.5%).

Class Restructuring
Based on the survey findings, a review of the technology

literature, and speaking with other technology experts in the
field, the Media Department has made. a series of revisions
in the instructional technology course content and activities
the past year. Some of the major changes have involved the
following alterations.
1. More instructional time is provided on the use and

operation of the new and emerging types of technologies
in the schools. Students have increased amount of
hands-on learning experiences with a computer of their
choice (Apple, Macintosh, or IBM). They are required
to use a word-processing program to critique selected
software and encouraged to use a computer graphic
program for the production of transparencies. They are
also given hands-on learning experiences to experiment
and become familiarized with video camcorders and

Table 4
The Most Valuable Course Content in the Instructional Technology Class

Rani Course Aspect N %

1 Information on the new and emerging technologies
in the schools (computers, video, laserdiscs) 22 52.4

2 Learning how to operate a variety of technology
through demonstrations and hands-on learning opportunities 10 24.0

3 Information on how to design and prepare inexpensive
instructional materials (overhead transparencies, mounting materials) 7 16
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tripods, CD-ROM players, laserdisc players, an
electronic copystand for photography, and a variety of
software for the newer types of technology. Students
who are unfamiliar with operating some of the older
types of technology are given individual instruction by
the instructor or they elect to use technology tutorials
that list the operating procedures step by step.

2. More class time is devoted to student assessment and
experimentation with a variety of software used on the
newer types of machines. Students are required to
conduct a literature search using ERIC on CD-ROM; to
preview and critique a selected CD-ROM program
(Compton's Multimedia Encyclopedia, Mammals,
Science Helper, Children's Reference plus); to preview,
critique, and map a selected videodisc program; and to
preview and critique a selected computer program that is
applicable to their field of interest.

3. Less time to spend on design and production of inexpen-
sive instructional materials. The use of the dry mount
press to laminate and mount instructional materials has
been eliminated from the course except in cases where
students request instniction in this technology. Since the
majority of the students have received previous instruc-
tion on the design and production of educational
displays, this area is briefly reviewed. The student
requirement of designing and setting up a display has
been eliminated. The design and production of instnic-
tional overhearls is still addressed. However, a greater
emphasis is placed on computer generated transparen-
cies where word-processing or graphic programs are
used.

4. A greater emphasis is being placed on students' problem
solving and critical thinking skills in technology.
Instructors spend a great period of time modeling the
appropriate use of technology, familiarizing students
with a wealth of hardware and software, and discussing
innovative ways in which technology can be effectively
integrated into the curriculum.
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Profession-Specific
Computer Literacy:

Microteaching in an
Educational Computing

Course

Jenny Burson
University of Houston

Jerry Willis
University of Houston

"How do you eat an orange?" The teacher education
students seated at the computers turn and look quizzically at
the teacher. One student answers, "I peel it and divide it
into sections." Another, still puzzled, responds slowly, "I
cut mine into quarters and eat it like a piece of watermelon."
The teacher education student conducting the microlesson,
replies, "Well, I normally bite a hole in the top and suck out
all the juice." She continues, "Today, we are going to use
a computer program called, The Factory, to explore
different approaches to solving problems. As you use the
program, think about the methods you used to achieve
solutions and we will share our techniques at the end of the
class period."

Why would a preservice educator in an educational
computing course start a lesson with a series of questions
and answers about oranges? With the seemingly incongru-
ous example of the orange, the teacher education student is
able to focus the attention of the students on the many ways
of solving a problem. One of her objectives is to help them
understand that there may be many "correct" ways of
solving a problem. This set induction establishes the
beginning of a microlesson in a required undergraduate
educational computing class. The students in the simulated
class are actually other teacher education students who take
the role of K-12 children as their classmate takes on the role
of teacher. This activity, which was recently added to the
University of Houston course, is at the heart of an effort to
shift the focus from generic computer literacy skills to
profession-specific computer literacy.

Microteaching
The microteaching model, developed at Stanford

University in 1963, " was designed to provide teachers with
a safe setting for the acquisition of the techniques and skills
of their profession" (Allen and Ryan, 1969, p. 4). The
purpose of this model is to allow preservice or inservice
educators to practice teaching strategies in a clinical
environment where they can actually teach a lesson and
receive immediate feedback from their peers and their
instructor. Allen and Ryan (1969) suggest that
microteaching is an "idea" built on five fundamental
propositions:
1. Real teaching: Bona fide teaching does take place even

though the activity is simulated rather than real.
2. Lessening complexities: Class size, scope of content,

and time are all reduced.
3. Focus: Training for the accomplishment of a specific

task.
4. Control of practice: Time, students, method of feedback

and supervision, and many other factors can be adjusted.
5. Feedback dimension: Normal knowledge-of-results is

increased through a critique of performance immediately
at the end of the lesson.

During the microteaching experience, the person taking
the role of teacher is required to incorporate specific
teaching strategies into a short, ten to twenty minute lesson
in which many aspects of a normal teaching experience
such as scope, time period, and number of students are
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limited. By teaching the microlesson, the learner is
experiencing these specific strategies and internalizing them
(Davis, Maher & Noddings, 1990) through the actual
practice of the skills involved. When not teaching, the
teacher education students are observing a microlesson or
are role-playing K-12 students of a given age and ability
level (Gregory, 1972). In either case, the student partici-
pants/observers provide written and spoken evaluations of
the encounter. The facilitator supervising the microteaching
experience provides feedback and suggestions, and helps the
student think through the strengths and weaknesses of the
microlesson.

Microteaching adapts itself to a wide variety of teaching
situations. Many different teaching strategies can be
practiced, examined, and evaluated in a situation that is like
a real classroom but without the risks and potential prob-
lems that can occur when an inexperienced teacher educa-
tion student attempts to teach a class. This low-risk environ-
ment eliminates the fight-for-survival syndrome experienced
by many preservice teachers during their field experience,
and by first-year teachers during their induction period.
Microteaching also gives students an opportunity to learn
about teaching as a professional activity rather than an
abstract, scholastic activity. Many students can read a
textbook chapter on cooperative learning, for example, and
pass an objective test on the material without being able to
actually set up and facilitate a successful cooperative
learning activity in a classroom. Declarative knowledge
does not automatically generate procedural, conditional, and
problem solving skills. Microteaching, because it requires
teacher education students to think, plan, and execute
activities much as they would in a real classroom offers
them an opportunity to begin learning professional practice
skills before they enter the classroom. These points apply
equally as well to objectives in an educational computing
course as they do to methods courses. There is, for ex-
ample, a major difference between writing an evaluation of
a piece of educational software after looking at it in a
computer lab and microteaching a lesson that incorporates
that software package. With those points in mind the
University of Houston began emphasizing microteaching in
the required undergraduate and graduate educational
computing courses in the summer of 1994.

Computer Literacy for Preservice
Teachers

The preservice computer literacy course at the Univer-
sity of Houston has undergone many changes in the past
five years. The most significant of these changes occurred
approximately three years ago when the course format
changed from a basic literacy/programming perspective
(learning about the computer) to a modular approach that
emphasized the use of computers and other technololOes in
education. This modular approach was based on the applied
behavioral model of Keller 's Personal System of Instruc-
tion (PSI). Fabris et al (1993) described the PS1-based
course. It divided the objectives into modules and then
required students to pass tests to demonstrate mastery of

each module. Some of the tests were objective, multiple
choice exams, others were assignments that required hands-
on work at the computer. The PSI approach was developed
to meet the needs of the large number of students who take
course. About 200 students per semester take the course.
The students vary from first year students to graduating
seniors. There are elementary education majors and
secondary education majors with a variety of specialties.
Some have no experience in the use of technology and a few
are competent in the use of technology in business or
personal settings. The common thread, however, is that all
the students lack of experience with the use of technology in
education. Therefore, the course is designed to be flexible
in guiding preservice educators as they explore specific
aspects of information technology.

The personnel available to support this course each
semester includes a faculty advisor, a doctoral student who
receives one course credit for supervising all the sections,
and graduate teaching assistants who receive a credit for
teaching one course for each set of two 20-student section
they teach. Each section meets once a week for two hours
in one of the college's computer labs. To cope with the
students' feelings of inadequacy in the various aspects of
technology, the graduate student instructors act as facilita-
tors, supporters, coaches, and guides as well as technical
consultants.

A traditional PSI system usually emphasizes declarative
knowledge, primarily because that is the easiest form of
knowledge to test when you are dealing with large numbers
of students. Declarative knowledge is not, however,
sufficient to prepare students to practice professionally.
Willis (1992) suggests an adequate course in technology for
teacher education should cover profession-specific com-
puter literacy. This type of course deals with the "concepts,
theories, and procedures that relate specifically to the
instructional uses of information technology" (p. 108).
Learning to use the cualputer and related technologies in
and of themselves is not sufficient. It is also not sufficient
to teach students only declarative knowledge about the
instructional uses of technology. The preservice educator
must have the opportunity to practice and experience the
integration of technology into actual lessons. At the
University of Houston we have attempted to provide that
opportunity through microteaching.

The microteaching module (Jaehne and Turner, 1993),
used by the University of Houston program, was designed
to accommodate the personalized quality of the modular
model. The primary purpose of this module is to allow the
teacher education student to explore instructional strategies
that incorporate various forms of information technology.
The microteaching module requires students to teach,
observe, and play the role of student in four different
microlesson formats. These formats have two requirements.
One relates to the type of technology used (e.g., drill and
practice software versus hypermedia programs); the other
relates to the instructional strategy used (e.g., teacher
centered versus student centered):
1. Microteaching 1Tool Software involves choosing and
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implementing a lesson that includes the use of a word
processing, database, or spreadsheet application
package. This lesson can be either teacher centered or
student centered.

2. Microteaching 2CAI incorporates Computer-Assisted
Instruction (CAI) software evaluated in a previous
module. This lesson is teacher centered with the
computer taking the role of teacher. The human teacher
acts as a facilitator, troubleshooter, and guide.

3. Microteaching 3Multimedia demonstrates the use of
CD-ROM or videodisc materials in a lesson. In contrast
to the two previous lessons, this media challenges the
teacher to design a lesson that requires active participa-
tion of the pupils using only one CD-ROM or videodisc
player. In addition, pupils using the hypermedia aspect
of electronic encyclopedias like Encarta present the
teacher with many aspects of lesson design and impl r
mentation -lot yet encountered. The multimedia lesson
must use a student centered strategy such as cooperative
learning.

4. Microteaching 4Hypermediaffelecommunications
illustrates the interactive environments of Hypercard or
telecommunications integrated into a lesson. The
presentation and interactive authoring capabilities of
Hypercard and the virtually untapped resources of
telecommunication present a fertile area for new and
creative lessons. This lesson can either be teacher or
student centered.

The preservice educator (teacher) is required to execute
three of the four microlessons. Each microlesson consists of
preparing a written lesson plan and any accompanying
materials, choosing the software and data (if required),
"setting-up" all the necessary equipment, and teaching a 10-
minute lesson. Each student is also required to participate/
observe in 10 microlessons done by their fellow-students.

Implementation of Microteaching
During a typical microlesson, the teacher outlines the

setting in which the lesson will be taught, establishes a focus
for the "class", teaches the lesson, and closes the lesson
appropriately. At the conclusion of the microlesson, a short
discussion ensues on the instructional strategy used and the
integration of the particular technology used. During the
discussion period, the participant/observers prepare written
evaluations on how well the technology has been integrated
into the lesson. These evaluations are collected and given to
the preservice educator for immediate feedback.

Although the process of incorporating microteaching
into the educational computing course was relatively
straightforward, the actual implementation called for
considerable finesse on the part of instructors. For many of
the students, this was the first education course they had
taken. They were unfamiliar with basic lesson plan

concepts instructional strategies such as cooperative
learning. In the initial microlessons, many students used the

computer only as a reward or electronic recess for their

puPiI Por example, Frank started his microlesson with a

poster containing the mnemonic, Please Excuse My Dear
Aunt Sally. He lectured on the order of operations used in
mathematics (Parenthesis, Exponents, Multiplication,
Division, Addition, and Subtraction), reminding the pupils
how helpful the rnnemonic would be. He gave each pupil a
work sheet with sample problems to complete, and then,
allowed the pupils to "play" How the West Was One,
problem solving software that teaches order of operations.
The discussion following the microlesson suggested that
Frank had put much time and thought into the preparation of
the microlesson but the pupils were passive most of the
time. It was suggested that Frank might have started with
the software, allowing the pupils to "discover" the order of
operation and then reinforced this discovery through
discussion and an explanation of the mnemonic. At the end
of this experience, the pupils could use the problem solving
software a second time and chart their improvement.

Susan, on the other hand, focused her students with a
recording of the Star Wars theme but "told" the class the
advantages and disadvantages of Math Blaster Plus
software instead of teaching her simulated class. This
microlesson became a traditional talk about-and.demon-
strate inservice program. In the discussion that ensued, it
was suggested that Susan use a variation of the approach
suggested for Frank. However, when Susan's pupils
finished the initial "shooting the alien fraction", each pupil
would work through the fraction tutorial in Math Blaster
Plus and then attempt to "shoot fractions" again, measuring
the increase (or decrease) in new problems solved.

Even though these discussions were guided by the
graduate student instructors, the teacher, pupils and
observers were active participants. As the discussions about
how lessons could have been taught or how things could
have been handled differently progressed, the teachers
became more comfortable using the technology in teaching
situations and "true" integration began to take place. For
example, Shane taught a lesson to a ninth-grade English
class reading Of Mice and Men. He started the lesson by
reading a few sentence indicative of the slang found in the
book. He asked the pupils seated at the three Macintosh
computers to look at a file prepared from the text and loaded
into Microsoft Works. The class worked through the first
sentence together converting Steinbeck's slang into current
English. Shane then told the class to work through the
remaining passage in the same manner while he worked
with individual students who were having problems. To
conclude the lesson, his class discussed how converting
slang to standard English usage helps you understand the
story. He asked the students to print their results so they
would have examples to use as they continued reading, and
he posted the telephone number of the "Slang HotLine" that
had been established for those who might have problems
interpreting various passages. The participant/observers
rated Shane's microlesson highly. The discussion that
followed centered on the pupils being responsible for their
own learning.
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Impressions, Issues and Future Plans
Allen and Ryan (1969) suggest that "preparing begin-

ners for their initial teaching experience whether student
teaching or internship has been one of the major soft
spots in professional education" (p. 60). Microteaching is
one way of bridging that gap that has articles and textbooks
(as well as computer lab exercises) on one side and class-
room teaching on the other. Many students commented that
microteaching alleviated the uncomfortable feeling people
new to computers have when trying to implement them in a
classroom environment.

Students evaluated microteaching as an extremely
positive experience. As one student commented, this was
"an exciting and stimulating approach to what I feared
would be a difficult activity." Another stated, "I feel much
more comfortable using computers in a teaching situation
now that I have some experience."

In a general discussion, students felt that having
experienced using technology in a teaching situation made
their observations of real teachers using technology more
meaningful. Microteaching does seem to provide a safe
atmosphere in which preservice educators can practice and
receive effective and immediate feedback.

Microteaching is not, however, easy to implement. It
demands a great deal of time, as Gregory (1972) noted. In
the University of Houston course, course instructors are
confronted by conflicting demands since their time must be
totally devoted to the microlesson when one is being
delivered. If you assume each microlesson will take 20
minutes (an optimistic assumption), and a total of 20
students in each section, then 20 hours of the 45 contact
hours would be devoted to microteaching. This can be
reduced somewhat by allowing students to work together on
lessons but the time demands are still high. Students in the
UH course must also demonstrate they have mastered the
basics of an integrated software package by completing a
number of education-related assignments, complete a set of
modules on everything from operating a laserdisc player to
reviewing software in their subject area, and pass tests over
chapters in the educational computing textbook. Adding
microteaching does not allow the instructor much time to
work with students in other areas. If the other aspects of the
course were not modularized it would probably be impos-
sible to add microteaching to the course.

Another problem is resources. Although the University
of Houston has two networked IBM labs, two networked
Macintosh labs and a prowing collection of multimedia
resources including Cll-ROM drives, videodisc players,
and scanners, students often have problems with access.
Microteaching intensifies the problem. 1 he same is true for
software. Despite constant updating of the software
collection using funds collected from students, we need
more software in virtually every content area and level.

In spite of problems involving class time, hardware
needs, and software needs microteaching is a valuable
addition to the educational computing course. In fact, if the
goal is to provide students with experience integrating
technology into the curriculum, microteaching is one of the

most efficient ways to do that. It does not replace observa-
tion in schools or student teaching activities, but it may
make those activites more meaningful and more effective.
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A Technology Course for
Secondary Preservice

Teachers

Gregg Brownell
Bowling Green State University

Nancy Brownell
Bowling Green State University

The job of integrating technology into K-12 schools
involves many components and requires the cooperation of
seemingly diverse groups ranging from classroom teachers
to administrators, parents, community members, businesses,
state and local government agencies, and units concerned
with the education of preservice and inservice teachers.
Within these diverse groups the teacher educator plays an
important role, especially to the preservice teacher, for
whom the first connection between technology and the
education process may be made during preservice educa-
tion. The teacher educators who provide quality, technol-
ogy-rich experiences can significantly influence the
preservice teacher's technology-related skills and attitudes.

Within the sequence of courses available to preservice
teachers, a model has emerged which offers a course on
technology and education. Ideally, the model extends
technology integration into formal methods courses, as well
as clinical and field experiences, in order to build a compre-
hensive, in-depth experience for preservice students.
Characteristically, however, the use of technology in
methods courses and preservice experiences is more often
than not dependent on a random chance of being paired with
technology-experienced teachers or teacher educators.
Therefore, the quality of the resulting experiences can vary
greatly. This makes the technology and education course a
critical key for the preservice teacher.

Frequently, the technology and education course may be
aimed toward education students in general, or, due to
program constraints, toward preservice teachers preparing to
teach grades K-8. The very different needs of students who
are preparing to teach at the secondary level are often not
addressed. This paper examines the development of a
technology and education course to meet the specific needs
of secondary education preservice teachers.

The Setting
The College of Education and Allied Professions

(EDAP) at Bowling Green State University (BGSU) is one
of the largest in the nation with 3,850 undergraduates, 525
graduate students, and 137 full-time faculty. There are 7
academic units in the college. In 1990 the college was one
of 11 institutions selected to receive the American Associa-
tion of State Colleges and University's Christa McAuliffe
Award for innovation and outstanding collaborative
programs with area school districts. Within the College, the
Department of Educational Curriculum and Instruction has,
historically, been responsible for providing methods courses
to elementary and secondary teacher education majors and
relevant technology education to elementary education
majors. Indeed, in a recent revision of the department's
mission statement, faculty chose to recognize the impor-
tance of technology by formally stating that part of their
charge was to educate students to appropriately use technol-
ogy in the classroom.

Since 1984, all elementary education preservice teachers
have been required to take a 3 semester hour course on
computer utilization in the classroom. This course has
evolved over time to include various other technologies.
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The course makes use of a computer classroom to provide
both hands-on experiences and demonstrations during class
meeting times. Work outside class is supported by the
Clinical and Computer Lab facility, which houses two
separate computer labs and a collection of about 700
software titles, as well as videodisk, VCR, CD-ROM and
audio hardware. Both the computer classroom and the
Clinical and Computer Lab facility provide access to the
campus computer backbone. Students have access to e-
mail and the Internet and to the continually evolving
Ohio Link resources that provide access to on-line research
materials. Beginning in the fall of 1994, a new classroom
building will provide technology-enhanced classrooms as
well as three special rooms specifically equipped with a
full range of facilities for distance learning activities.
Approximately 300 students per year take the course.

The Current Course
Educational Curriculum and Instruction (EDCI) 365 -

Computer Utilization in The Classroom - has, historically,
been taught in a lecture/lab format. Students meet in a
large group (about 80) for a 90 minute lecture/discussion/
demonstration/activity session once a week. They also
meet during the week in a smaller group (about 28) for 90
minutes in a lab setting geared toward hands-on activities.
This format will change as of the spring '94 semester when
students will meet for a total of 3 hours per week in the
computer classroom.

The course is taught as an educational rather than a
training experience and is based on a model of the teacher
as a reflective practitioner. In this model, teachers are
viewed as professionals who are prepared, through
education and experience, to make meaningful decisions
about students' needs and the process of education.
Preservice teachers taking the course are expected to
analyze and evaluate their potential role in making
judgments about how to help students learn, about the
teaching profession and their role in it, and about the
political and community contexts in which schools exist -
all in relation to integrating technology into the schools.

Within this framework, EDCI 365 is taught as a survey
course on technology in education, similar to sur'0v
courses taught on a liberal arts model. In the course,
students are: (a) expected to gain specific hands-on skills
with regard to technology; (b) required to work individu-
ally and collaboratively on relevant projects; (c) expected
to read a considerable amount of material from various
sources about current issues, research, theory, and practical
activities. Through such experiences, students are expected
to gain a broad understanding of technology in education as
a basis for making informed decisions about the use of
technology in the schools. Topics covered in the course
include: word processing, telecommunications, multime-
dia, software evaluation, technology integration, Logo,
computer managed instruction, materials preparation,
databases, spreadsheets, hypermedia, resources for
technology in education, ethics and equity issues, research,
and future trends.

Elementary education students have been the target

audience for the course. As a result, course experiences and
activities are geared towards that group, having as their
focus, the use of technology with primarily preadolescent
students in a self-contained classroom setting. In such a
setting, the teacher is expected to have broad knowledge
across a wide range of subject areas. Subsequent to the
course, these students will take a block of methods courses
that will provide specific information and experiences, by
discipline, on what is taught to (learned by) elementary
school students and how to teach it. Ideally, this
coursework will build upon the skills and concepts related to
technology and teaching developed in EDCI 365.

Need for a Secondary-Specific Course
Historically, from a national perspective, preparation for

secondary teachers has, primarily, been viewed as content
area preparation, with much less attention being paid to
methods of instruction and other relevant educational issues.
In the worst case, secondary students might receive one
methods course or, sometimes, one general methods course
followed by a subject-specific course and then student
teaching. While some programs, including the program at
BGSU, offer secondary preservice teachers greater depth
regarding educational issues and skills, secondary majors
have generally been viewed as subject matter specialists
first and teacher preparation candidates second. This is to
some degree understandable, since, in their subsequent
teaching, these students will be expected to have in-depth
knowledge of their chosen area. Knowledge that is every
bit as rigorous as any undergraduate's who has majored in
the given discipline but has no intention of teaching.
Understandable though it may be, this situation is proving to
be undesirable when preparing students for the job of
teaching in a secondary school. For, even when more in-
depth experiences with educational issues are provided,
secondary majors rarely encounter technology education
that is specific to the setting in which they will eventually
teach - a setting that differs greatly from that of an elemen-
tary school. As an example, the secondary setting will
involve a population that is dramatically different from
those with whom elementaty preservice teachers will work.
These differences include, but are not limited to, intellec-
tual, emotional, and maturational development. Given the
factors cited above, it was proposed that a version of EDCI
365 geared specifically toward secondary preservice
students be created.

The course proposal met with support from the second-
ary faculty within the department. Faculty were concerned
that secondary students were graduating without any formal
education regarding the possibilities of technology in
secondary schools and without any relevant skills. It was
pointed out that, across the country, integration of technol-
ogy into the schools has been more limited in scope and
occurrence in secondary education than in elementary
education. Although there may be many reasons for this,
including the way the secondary schools are structured
(essentially on a 19th century, industrial economy model),
faculty expressed the belief that part of the problem was a
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lack of technology instruction specifically geared toward the
needs of secondary preservice (and inservice) teachers.

An area of concern was raised, however, that relates to
the general proliferation of course requirements for under-
graduate students. During the 1980's, as the process of
curriculum development and requirements at the university
and collegb levels became more politically based, legisla-
tures, other government bodies, and professional organiza-
tions began to have more of a say in student requirements.
Currently, few students, if any, can complete a "four year"
program in under five years. With this in mind, it was
agreed that a pilot version of EDCI 365 - Secondary, would
be developed and taught during the spring of 1994. Ap-
proximately 15 - 20% of the course content would include
relevant self-instructional modules from a currently required
2 semester hour course, Library and Educational Materials
(LEM) 301-Basic Educational Media. Pending successful
implementation of the EDCI 365 Secondary pilot, the plan
is for LEM 301, which does not have a computer and
associated technologies component, to be dropped as a
requirement and EDCI 365 Secondary to be added. This
plan currently has strong support from secondary faculty,
including the LEM 301 instructor.

The Secondary Cowse
Although there will be some similarities between the

elementary and secondary versions of EDCI 365, there will
be important differences. The similarities include an
emphasis on teaching a survey course based on the reflec-
tive teaching model, while remaining a course where
specific skills related to technology are developed. The
overall scope of both courses will be similar in relation to
their survey aspect where most of the topic coverage, at the
category level, will be the same. However, the topic content
will be different. Both courses will be heavily hands-on
oriented, with outside readings geared to the introduction
and exploration of relevant concepts. The readings will,
however, be different, with the secondary course offering
practical examples, research, and theory related to second-
ary schools. Students will conduct in-depth readings in their
area of chosen subject matter specialty and technology.
Both courses will require individual and group work.
Instructors of both courses will model a variety of effective
teaching practices and use that modeling as a course topic to
further enhance students' understanding of effective
practice.

Several major differences between the two courses are
due to the placement of the secondary teacher in the role of

creator of materials. Given that secondary teachers are
expected to have in-depth subject knowledge, students will

spend more drne, mastering tools such as hypermedia,
investigating specific methods of integrating hypermedia
into the curriculum, and, creating and presenting
hypermedia products for use in the classroom. Students will

access ar i use on-line resources for classroom instructional
purposes to a greater depth and degree than their elementary
counterparts. Such uses will initially be subject-specific,
relating to the preservicc students' areas of specialty. One

t
.1. t.)

theme to be developed in the course is the integrating of
technology into the thematic, cross-disciplinary, develop-
ment of instructional units. This is a valuable activity that
teachers in secondary schools need to pursue but rarely have
the time or experience to successfully complete. (Although
somewhat true for elementary teachers, it is much more
difficult to achieve at the secondary level, due to a lack of
relevant education during preservice secondary preparation
and to the structure of secondary versus elementary
schools.) One last obvious difference in course material
will be the context in which technology is viewed in relation
to secondary student populations. Issues related to using
technology when teaching adolescent students how to .

problem-solve, write, read, etc., will yield different material
than that covered in the elementary version of the course.

Presently, hardware and software support for the course
consists of a Mac-based environment with CD-ROM drives,
as well as interactive videodisk workstations. Access to e-
mail and Internet services, in addition to relevant research
resources provided by the OhioLink project, are available.
In the fall of 1994, distance learning facilities will become
available on campus and will be integrated into both the
elementary and secondary versions of the course.

A Curriculum and Instruction
Perspective

The perspective from which technology is viewed is an
important consideration in the development of this course.
Both the secondary and elementary versions of the course
are offered through the Department of Educational Curricu-
lum and Instruction. As a natural consequence of this, the
course pays particular attention to the effect technology
might have on curriculum development and on the methods
of instruction employed by the teacher. Attention is also
paid to the role of the teacher as a change agent, both
historically and currently during this time of school
restructuring (or, at least to date, much talk about school
restructuring). Such an orientation can help students reflect
on the positive and negative aspects of introducing technol-
ogy into the schools. It can also help students perceive
technology as a force within society that affects not only the
schools but other institutions. Suchi reflection can positively
benefit informed decision-making by beginning and
continuing teachers about the direction in which education
should proceed. Ideally, the preservice student will gain a
view of the broader realm in which schools and teachers
function, and will, once in the classroom, make valid,
informed, professional decisions about technology -
decisions that will benefit students.

Conclusion
Many people have been working for a long time to

successfully integrate technology into education at all levels,
but there is still a long road to travel to arrive at the reality
promised by the vision. Elementary and secondary teachers
work in very different settings with very different popula-
tions. Meeting the specific technology needs of elementary
and secondary preservice teachers is one way to help make

The Educational Computing Course 433

BEST COPY AVAILABLE



the vision a reality. This project is an attempt to make that
happen.
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Alternative Approaches to
Defining Computer

Literacy

Janice Higdon
The University of Texas at Austin
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Current and past quantitative and qualitative research
regarding literacy and computer literacy has produced
conflicting and inconclusive arguments as to what literacy is
(Scribner, 1984; de Caste 11 and Luke, 1983; Erickson, 1984;
Gee, 1987). The discrepancies among study results lie in
the interpretation of answers to the following questions:

what is literacy,
what is functional literacy,
what skills are necessary for literacy,
to what level of ability does the literate person
function,
what are the social, economic, cultural and
empowerment factors involved with the defining of
literacy and
what part does self efficacy play in becoming
literate?

The primary assumption of this paper is that the
definition of computer literacy should be derived from a
general definition of literacy. Computer literacy should be
achieved with skills that are determined by the preservice
teacher in a computer literacy course.

What is literacy?
Goody and Watt (1968), give a historical and theoreti-

cal explanation of literacy that encompasses the anthropo-
logical and sociological origins of literacy. de Castell and
Luke (1983) developed an American public school defini-
tion that explaini the culturalization and politicalization of
literacy. Scribner (1984), examines the definition of literacy
as a metaphor that impinges upon the proficiency, social
power, and ego of the literate individual. Webster's (1983)
is the most succinct, "the condition of being educated." To
become literate is to become educated or "instructed;
furnished with knowledge and principles; trained." Literacy
is the acquisition of education, any education. To the
preservice teacher in computer literacy, literacy is the
acquisition of knowledge, principles and training in
computer usage. What the knowledge, principles and
training constitutes leads to the development of functional
literacy.

What is functional literacy?
If literacy is the acquisition of education, then functional

literacy is the acquisition of an education that one may use
in a practical or working relationship. Scribner (1984)
refers to functional literacy as "the level of proficiency
necessary for effective performance in a range of settings
and customary activities." Functional literacy then could be
defined as instruction for use in everyday occurrences or
activities in which one engages. Functional literacy would
endow the learner with the ability to work and interact on a
daily basis within the learner's environment. This func-
tional literacy would give the learner the skills needed to
carry out any activities for survival within the learner's
work, play, and living conditions. In the case of the
preservice teacher and computer literacy, functional literacy
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would be the necessary skills to operate a computer. The
delineation of necessary skills then must be addressed.

What skills are necessary to literacy?
A review of the research to determine what is computer

literacy, shows a variety of definitions or delineations of
skills which have been issued by various committees or
government agencies (Adams,I985; Hannum, 1992;
Fourgere, 1990; Blake,and Tjoumas, 1990). These defini-
tions and delineations varied greatly, depending on the
computer literacy course, program, or focus of instruction.
If the focus is science-oriented, then the computer literacy
skills become more specialized in nature. Word processing,
spreadsheets, and database creation and usage are the
primary skills listed as being taught for basic skills. The
identification of basic skills become even more qualified by
the level or degree of proficiency within the application
programs.

Proficiency level of literacy
Proficiency levels of literacy are ephemeral in nature.

Who decides the level of proficiency? Colleges of educa-
tion, state agencies for teacher certification, and national
education directives are the primary establishers of profi-
ciency criteria for preservice teachers. The criteria are
general and allow the various schools of education a wide
interpretation in relation to the specific schoors program.
Therefore, each school develops their own criteria of
proficiency level in computer literacy for pinservice
teachers. This individualization of criteria varies across the
schools for teacher training t. fuman,1992). The imposed
computer literacy proficiency levels are achieved by
preservice teachers for credit but are not necessarily
functienally learned (Higdon,1993). Generally, the
preservice teacher learns computer literacy in a one
semester course to meet the imposed criteria without regard
to future use in their chosen careers. The preservice teacher
needs to be impressed with the social, economic, cultural
and empowerment factors that come with computer literacy.

Social, economic, cultural and
empowerment factors of literacy

Literacy, whether language, computers, mathematics or
science, contains elements of prestige for the learner. These
elements can be social, economic, cultural or provide
empowerment for the learner. Literacy can increase the
social standing of the learner by giving the learner the
ability to interact within the social structure of the learner's
environment. The condition of being literate can also
improve the economic standing of the learner by giving the
learner new skills useful within the workplace that place a

greater economic value on the learner. Computer literacy is

just such an economic value booster for preservice teachers.
Literacy has been, historically, a means of class division.
Those with the ability to communicate and function on a
literate level possessed a class distinction which set them

apart from the illiterate. The development of computer
literacy empowers the learners to notonly break the bather

of class divisions, but also to nourish and build a pride of
achievement which builds self-confidence.

Self efficacy and literacy
Bandura (1977) states in Social Learning Theory, that

perceived self-efficacy is important to the attainment of new
learning experiences. If the learner believes that a new skill
or knowledge is within the learner's capabilities, then the
new skill is achievable. If that feeling of possible mastery is
missing then the learner typically will not even try to learn
(Shrunk. 1989). If this concept is applied to the preservice
teacher in a computer literacy context, then the answer to
increased computer literacy among preservice teachers is to
develop a perceived self-efficacy concerning computer
usage. In a pilot study (Higdon, 1993) of preservice
teachers enrolled in a competency-based computer literacy
course, perceived self-efficacy was a mitigating factor in the
learning of not only computer basics, but of the continued
honing of proficiency within the various computer applica-
tions. Interviews with the preservice teachers indicated that
even those students who entered with a fear and/or hatred of
the computer learned the basics and then proceeded to
increase their proficiency levels with an enthusiasm that was
previously lacking. Those students who had some computer
knowledge and skills prior to the competency-based class
increased their knowledge base in areas in which they were
lacking (telecommunications, graphics, and multi-media).
The more proficient preservice students also expressed in
interviews an increased self-confidence in their abilities to
perform beyond their previous expectations. Therefore,
perceived self-efficacy leads to a self-determination of what
literacy is for that specific learner.

Conclusion
The concept of computer literacy should be based on a

broad definition. Literacy becomes a personal achievement
which is perceived, guided, and achieved due to the
learner's own belief in self abilities. The learner's achieve-
ment of literacy comes through the realization of what is
important for the learner to know and want to learn. This
realization may occur due to social, economic, cultural or
empowerment factors. The need to function within a new
social or economic atmosphere (work), increase earning
potential, or secure a personal sense of self-worth, becomes
a strong factor for literacy achievement. Literacy and the
extent of literacy proficiency are then the result of a
personal decision and achievement. Literacy cannot be
imposed. Therefore, the preservice teacher in the pursuit of
computer literacy will be the deciding factor as to what
computer literacy is. Computer literacy will become the
knowledge and skills the preservice teacher deems impor-
tant enough to learn and use.

Note: Thanks to Ellen O'Brien for being a sounding
board. Thanks also to Dr. Judith B. Harris for the direction
and encouragement of my stud'ies.
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Meeting the Challenge:
Training Preservice

Teachers to use
Technology

Cynthia S. Cashman
Emporia State University
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Universily of Southern Indiana

Teachers of tomorrow will be expected to integrate
traditional and advanced media technologies into their
instructional strategies. However, most preservice teachers
lack instructional models in which technology is a vital
component. At Emporia State University and the University
of Southern Indiana, a variety of technologies are used in
the instructional technology courses to deliver course
content and engage students in learning. This paper
presents the design rationale of both courses, instructional
strategies used, and considerztions for integrating technol-
ogy in teacher education courses.

Defining the Challenge
The challenge for teacher education programs is to

develop an instructional media program that prepares
preservice teachers to plan for the use of traditional and
advanced media technologies, and to develop the skills and
comfort levels necessary to effectively use media in the
classroom environment. It is the task of instructors of
instructional media programs to design learning experiences
that meet the educational needs of these emerging teachers.
Those needs include: (1) a theoretical background for
utilizing media; (2) familiarization and skills using tradi-
tional media which many schools are still using; (3)
familiarization and skills using advanced media technolo-
gies, with the expectation that these teachers will be the
technological leaders as schools become equipped with
advanced technology; and (4) experience learning in a
process oriented curriculum that focuses on critical thinking,
problem solving and communication skills. This paper
presents how the undergraduate instructional technology
courses at Emporia State University (ESU) and the Univer-
sity of Southern Indiana (USI) have been designed to meet
the challenge.

Teachers of tomorrow will be expected to integrate
traditional media and advanced computer technology into
their instructional strategies. Yet studies (Byrum &
Cashrnan, 1993) reveal that most preservice teachers lack
instructional models in which technology is a vital compo-
nent. At ESU and USI a variety of traditional and advanced
instructional technologies are used in the instnictional
technology courses to present content and engage students
in learning. Instructional technologies at both universities
are presented as: (1) resources for teaching concepts, (2)
tools for teachers, and (3) as tools for the K-12 student.
Students are encouraged to no longer only think of technol-
ogy as a "curriculum enhancement," but as a collection of
tools that will enable them and their future students to
construct and demonstrate their own knowledge. What is
more important, they are taught to view the use of all
technology as a component of "instructional technology"
that encompasses a systematic plan for teaching and
learning.

Design Rationale
Previous media courses at both universities were derived

from the "audio-visual" courses of past years. These
courses focused on the skills needed to thread motion
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picture projectors, dry mount and laminate pictures, produce
dittos, slide shows, and overhead transparencies. Recent
advances in technology have made these activities passé. In
most schools today, photocopies replace ditto sheets and
laminating machines have replaced presses. In addition, the
16 MM projector has been replaced almost exclusively with
the videocassette recorder, and the slide projector is fast
being replaced by computer generated slide shows, still
video, CD-ROM and videodisk technology.

Instructional technology courses at both universities
have been designed to provide students with a theoretical
framework for using instructional technology and with
hands-on experience using the various advanced media
technologies. The courses are based on the following
theoretical underpinnings:
1. Instructional design provides a plan for the development

of instruction.
2. Technology provides means of implementing and/or

enhancing the instruction so that it becomes as efficient
and effective as possible.

3. The effectiveness of media is dependent upon the lesson
design.

Media should be selected based on the developmental
levels of the students, instructional objectives, lesson
content, and constraints to the instructional environment.

Instructional Strategies
The curriculum of the future will be process-oriented

and emphasize critical thinking, problem solving and
communication skills. This curriculum will depend heavily
on the use of information technology (Henderson, 1992). In
order to prepare future teachers to use a curriculum that
emphasizes these skills, they must have experience learning
in an environment that uses this type of curriculum. The
instnictional media courses at both universities create such a
learning environment. They are designed to emphasize
critical thinking, problem solving, communication, and self-
directed learning. Course projects encourage group
collaboration and provide problem-solving situations in
which solutions are varied.

The organization of group collaboration differs at each
university. Students at ESU work on projects individually,
with partners, and in small groups. Students maychoose
whom they will work with on a project. Except for the
instructional video and visual and audio interpretation
projects, which emphasize cooperative learning, students
may choose to work alone. In contrast, students at USI
work on most projects in small groups. At the beginning of
the semester, based on their interests, students are placed in

groups of three to four members.
To ensure adequate instructional planning when using

any media format, students must understand the basic
components of instructional design. Courses at both
universities emphasize the learner as the focus of instruc-

tion, and those learner characteristics as well as instructional
objectives must guide the design process. Students at USI

learn a simplified instructional design model with which

f; 3

they work within their own content areas. The model
consists of a simulated needs assessment, identifying the
characteristics of the target audience, developing and
correctly writing instructional objectives, delivering
instruction, providing for feedback and assessment, and
evaluation and revision of instruction. Because of the time
constraints of a two credit hour course, at ESU, students use
the ASSURE model (Heinich, Molenda, & Russell, 1992).
This media selection model incorporates portions of the
simplified instructional design model used at USI. The
concepts, of criterion referenced testing and mastery
learning, an. explained and modeled throughout the courses
at both universities.

Students are required to write objectives for each
project throughout the course. Because of this requirement,
the first project at each university is developing and writing
objectives. Four different instructional scenarios are
provided, for which each student must write instructional
objectives. These objectives must include the audience,
behavior, condition, and degree of accuracy expected.

Writing clear, concise instructional objectives is a
challenge for most students. Many have weak writing
skills. They also struggle with the concept that objectives
are what the learner will be able to do after instruction,
rather than a description of an instructional activity.
Because the development and selection of instructional
media is dependent on instructional objectives, students are
expected to master this concept. Therefore, students may
choose to rewrite each objective until it is correct.

Students at both universities have had little exposure to
technology. Most are traditional students who attended
rural K-12 schools and are accustomed to traditional
didactic pedagogy. In addition, few of the students are
independent learners. At both universities instructors use
the presentation software Aklus Persuasion is to present
various topics throughout the semester. The presentations
are stored on lab computers to allow students access to them
outside class time. Lab assistants are available to provide
computer assistance to students. Making lecture materials
available to students on lab computers has been beneficial in
three ways. First, it has been proven to be an effective mean
of encouraging learners to be responsible for their own
learning. Students can no longer complain that the instruc-
tor covered the material too fast, or they were absent and
had not been able to get the notes from a classmate.
Second, students gain practical experience using technology
as a study tool. Lastly, students are being exposed to an
instructional strategy that uses technology to provide for
individual differences.

At USI students have hands-on experiences using Aldus
Persuasion to develop their own presentations. They work
in small groups to create overhead transparencies and
computer generated slide shows. This is possible due to the
availability of computers in the lab; a ratio of one computer
for three students. As resources become available, this
project will be implemented in the ESU curriculum.
Currently ESU students create overhead transparencies by
creating cut and paste masters, photocopying and using a
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thermafax machine. Some student use computer generated
lettering and visuals in creating their transparencies.
However, presently this is not a requirement due to students
lack of access to computers.

Students at both universities develop instructional
bulletin boards. They are expected to apply elements of
visual design and create instructive bulletin boards that are
relevant to the objectives that they have written. At ESU,
still video of student created bulletin boards from past
semesters is used to discuss aspects of visual and bulletin
board design. A video scrapbook of student's best bulletin
boards is compiled each semester for student reference.
Students have the option of dubbing the scrapbook to their
own videotape.

Students at ESU develop visual and audio interpreta-
tions of various poems using still video and audiclape.
Working in small groups of four or five members, students
use Cannon Zapshot still video cameras to record visuals
they have created to interpret a poem. Students use Dukane
audiotape recorders to record the narration and accompany-
ing sound effects. Students present these interpretations in
class by advancing the video pictures in synchronization
with the audiotape. The audio and video of exceptional
presentations are edited together and included in the video
scrapbook.

The use of videodisks is increasing in the K-12 class-
room. It is a relative inexpensive technology whose use
closely resembles playing a videotape. Because of this
resemblance, it is one technology that teachers rapidly
become comfortable with after initial instruction. Students
at ESU use videodisc technology in their final presentations.
Students design and present a ten minute lesson that
incorporates content from one or more videodiscs, two
overhead transparencies, and a minimum of one other form
of media. Content is developed and media selected based
on the goal and objectives of the lesson.

Students storyboard their lessons incorporating barcodes
that they have created using Bar N' Coder software from
Pioneer. The evaluation of students' presentations is based
on the design of their lesson, their selection of media, and
their presentation skills using the technology. This require-
ment will be incorporated at USI as the resources become
available. Currently USI students review two videodisks
and three CD-ROM selections as an introduction to the
equipment, and as a vehicle to evaluate software offered in
these formats.

Integrating Technology in Teacher
Education

Course evaluation and design are ongoing processes at
both universities. One of the weaknesses of the previous
media programs at each university was the tendency to use
the media for its own sake, rather than incorporating it into a
master plan. At USI it is being considered to include the
instructional technology course as part of a block of core
courses. Benefits for students and instructors would be: (1)
collaboration among instructors in implementing instruc-
tional technology in the various disciplines; (2) a consistent

format for writing instructional objectives and designing
instruction; (3) modeling of teaching and learning with
technology in courses other than the instructional technol-
ogy course; and (4) a collection of software that has been
selected based on instructors' expertise in the various
content areas.

At ESU extensive staff development is being used to
prepare faculty to use technology in their courses. Focus
groups provide faculty with hands-on training using
presentation, graphic, digitizing, editing, barcoding and
authoring software. Faculty also gain experience in using
videodisks, still and motion video, and setting up hardware
such as liquid crystal display panels and videodisk players.

Rather than media being the exclusive territory of a
media teacher, it is necessary, as part of thecurrent informa-
tion explosion, for every teacher to incorporate media and
multimedia into their instruction if it is to be used effec-
tively. At both universities our philosophy is to share
information about technology. Using advanced moxlia and
instructional technology effectively is recognized for what it
is; an on-going change process that must begin at the
university level and continue into the public schools.
Students who develop a comfort level with instructional
technology and use it effectively become teachers who will
do the same. It is our goal to produce future teachers who
recognize good instruction and effective instructional
methods. It is also our goal to graduate teachers who will
use media not for its own sake, but because it is a vital
component of their master plan of instruction.
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Lesson Planning with
Technology: Use of an

Instructional Design
Database and Tutorial

Nancy Todd
Eastern Washington University

This paper describes the development of a program
with Authorware (1993) that is both a tutorial and
database for an undergraduate instructional design course
in which students learn to apply Gagne's Hierarchy of
Learning Outcomes to lesson planning and development
(Gagne, Briggs & Wagar, 1992).

Title III Grant
I developed this product as a participant in a U. S.

Department of Education Title III grant program awarded
to Eastern Washington University. The purpose was to
develop a group of faculty experts in authoring and
integrating multi-media into university undergraduate
courses. Over five summers, twenty-five faculty will
have participated in the training program and helped
colleagues in their departments to develop multi-media
instructional modules. The grant provides a summer
salary stipend of $5000 for each faculty for product
development and partial release time (equal to one course)
for one quarter during the following academic year for
field testing.

The selection process for participation called for a 5
page narrative to support self-perceived strengths
identified in five mem: (1) a description of one's
computer skills (7) an explanation of involvement with
multi-media; (3) an indicator of knowledge of multi-
media available in one's discipline; (4) a statement
describing a multi-media project to be developed; and (5)
a statement describing one's understanding of the effort
and time commitment required to develop a multi-media
project.

Participants used Macintosh workstations that
included access to videodisc players, CD-ROM drives,
carn-corders, scanners, and two projection panels.
Electronic demonstration stations on wheels were
acquired for distribution to each of the six colleges of the
university for use by th.e participants.

Faculty attended daily four hour sessions for eight
weeks. Instruction in both instructional design principles
and computer programming was provided. The grant
called for providing release time for a computer science
faculty member to conduct the training and for hiring two
computer science students to assist. The students wrote
many of the sub-reutine programs for the faculty, such as
providing record keeping for student log-ons and
responses to interactive questions, thus relieving the
faculty of "heavy" programming so they could
concentrate on the content of the program.

Instructional design principles were followed that
emphasized problem definition, task analysis,
development of objectives and selection of appropriate
instnictional strategies and materials. Implication of
research findings were applied to the design of
instruction, as well as design of materials, taking into
account such factors as learning hierarchies, instructional
sequencing, graphic design, and screen display.
Steinberg's (1991) work relating instructional design

The Educational Computing Course 441



principles to software development was particularly
informative.

So far, fourteen projects have been developed. They
include: animation software to display organic chemical
reactions; HyperCard stacks on mechanical and
punctuation errors for a writing laboratory; interactive
video and computer sequences for training counselors; a
program demonstrating direct and alternating electrical
currents; a geology catalog of scanned images of
minerals, rocks, and fossils; a tutorial to identify language
disorders with examples of interviews for analysis;
software for music appreciation, arrangement,
composition, ear training and recording; an interactive
video demonstrating molecular modeling, dynamics and
mechanics of protein structures; a graphical display and
analysis of statements using the Repertory Grid
technique; a tutorial about literary devices; an
introductory biology program to identify bacteria; a
program to identify parts of the heart; and a program
demonstrating data collection for use in a research
methods class.

Instructional Design Program
I developed an instructional program in Authorware to

help teacher education students think about instructional
design. The user enters the tutorial program by selecting a
type of learning outcome (intellectual skills, verbal
information, cognitive strategies. motor skills, and
attitudes) from a pull-down mcnu. For each type of
outcome, the user then selects from several categories:
( I) definitions and examples of the type of outcome, (2)
developing objectives with appropriate verbs and
evaluation items for the type of outcome, (3)
recommended instructional strategies, (4) media format
(i.e., still graphics, motion, sound, text) suggestions for
the type of outcome. Each of these categories include
verbal descriptions of the concepts and examples
incorporating sound, graphics, or video, as appropriate.
The user can proceed through these categories for the
outcomes in a linear manner as a tutorial since there are
also practice exercises in which students identify
examples and non-examples of the concepts.

A second way this program is used is as a lesson
planning tool. After the student has identified content to
be taught and analyzed the types of learning outcomes
necessary for that coment, the program is used as a
reference database for lesson planning. For example, if
the type of learning outcome involves an intellectual skill,
such as abstract concepts, then the abstract concept
section can be reviewed as the student develops learning
objectives, selects evaluation modes, instructional
strategies and media. The organization of material in this
program is in contast to typical instructional design texts
that organize information by steps of the process, rather
than by type of outcome.

This program is also used in class as a lecture
demonstration so that teaching with technology can be.
modeled. This program allows the instructor to reduce

the amount of equipment and materials normally used to
illustrate concepts of the hierarchy and has increased
efficiency in demonstrating media formats. Subsequently,
students use the program in a computer lab which gives
them a further opportunity to learn with technology. This
integrated program allows students to review the visual
examples demonstrated in class, which was not always
possible with traditional media.
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Every year, the diversity in the articles submitted for the
hypermedia and multimedia section of the STATE Annual
continues to grow. As new technologies are incorporated
into educational settings, the research into the use of these
technologies continues to be both enlightening and diverse.
Additionally, the inclusion of technologies into the curricu-
lum, which only a few years ago was considered to be
cutting edge, demonstrates both a willingness for change
and an amazing ability to adapt technology for its best fit.
We are fortunate, as educators and consumers of these
technologies, to find that we are becoming increasingly
comfortable with the technologies which fall into the
categories of hypermedia and multimedia. Yet we must
never become complacent with the utilization of technology.
As you will see in the following articles, we must continue
to question how we utilize technology in our classrooms.
The authors have raised many interesting and important
issues.

Abate and Hannah have worked with a videodisc
presentation utility. The faculty at Cleveland State has
begun to incorporate videodisc-based materials into their
classroom lessons. The insights, by the authors, into the
need for technology to be accessible provide an interesting
context for the other articles in this section. Atkins, in her
article, has provided an example of one rapidly growing
area of technology use: videodisc/videotaped-based model
lessons and programs. Many educational institutions have
begun utilizing this form of preservice and inservice
instruction. Of particular interest is the capability of
instructors to utilize a BBS in order to interact and receive
additional information. Benghiat and Abate describe the
use of ideodisc-based instruction in a graduate education
class. 'It,e positive feedback from the students once again
emphasizes the need for technology to be easy to use to be
both accepted and utilized. Byrum has developed a
program that addresses an issue many technology educators
face - how to instruct students in the different types of
educational software. The ability for his program to
describe each type of program and provide real-time
examples should prove beneficial to many college and
universAy educators. Garzone and Bosch have also
developed HyperCard stacks for use in the classroom.
These programs serve a vital need when we, as educators,
find ourselves forced with growing class sizes. Through the
use of programs such as HyperCard, instructors can now
more easily develop materials which can then be used by
students outside class, and thereby come to a better under-
standing of the material. King and Larkins, and King, .

Dalmas, Kendall, Miller-Selvage, Welsh-Charrier and
Noretsky, in their articles, have addressed an area in which
much more work needs to be done. The use of technology
in special education has enormous potential. The panel
discussion at STATE should prove to be of enormous
interest to all educators. Land, in his article, has provided a
method for those who program in HyperCard to "remem-
ber" to keep an original copy of a stack which they may be
modifying. Additionally, he requests that we remember to
continue sharing information and materials with other users,
so that programs/scripts we have found useful can benefit
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others.
Norman's paper describes a program being utilized in a

prototype electronic classroom at the University of Mary-
land which shows potential for providing a model for others
who wish to incorporate a total technology environment into
the classroom. The combination of many types of technol-
ogy and the ease to which these technologies can be
accessed offer an exciting picture of the classroom of the
not too distant future. Picciano discusses a multimedia
model for teaching social history. Of particular interest are
the comments from both the faculty and the students who
used the program. Once again, we see ease-of-use as an
integral step for those developing technology-based
instruction. Rubio discusses an issue which may often be
overlooked in the area of interactive multimedia - the effects
of interactive multimedia on the adult learner. His point that
there may never be a fully generalizable set of design
principles raises an important issue that deserves furthe-
study. Sett lage discusses a sometimes overlooked pote atial
for interactive videodisc use in the area of promoting whole
class discussion.

As we are seeing in these articles, many interesting uses
are being made with interactive video. It has become an
accepted part of the classroom and is now becoming a
common tool in the curriculum. Swartz, in his article,
reminds us of the potential of these new technologies. By
allowing the user to become more involved with the
message, potential new learning situations can occur.
Taylor discusses the development of a hypermedia portfolio.
The abilitY of this portfolio to change with the needs and
capabilities provides a good example of the flexibility of
many hypermedia-based programs. And the last article, by
Vahnont, discusses an exciting "new" technology: CD-
ROM-based children's literature. His guidelines for this
technology provide a valuable checklist for those who are
interested in this media.

The authors of these papers have provided insights into
the various workings of technologies in the classroom and
in the real world. We still have much to learn on this
technology highway. Fortunately, we have just found the
on-ramp!

Ray Braswell, School of Education, Auburn University at
Montgomery, 206 Education, Montgomery, Alabama
36117. e-mail: braswra@ducvax.auburn.edu

444 Technology and Teacher Education Annual 1994

61d



Experiences with a
Videodisc Presentation

Utility

Ronald J. Abate
Cleveland State University

C. Lynne Hannah
Cleveland State University

Cleveland State University has a long term commitment
to instructional technology. This commitment has provided
faculty members in the College of Education with numerous
opportunities to improve the instruction of preservice
teachers. A key component of this commitment includes
assisting faculty with integrating technology into their
teaching. Several faculty are currently enhancing their
lectures using videodisc materials in combination with
computers, video projection devices, and simple presenta-
tion software. The presentation software used to create
video segments is modest in design. The software provides
the education faculty with a simple interface for creating
presentations from previously developed videodiscs.

Originally, the presentation software was incorporated
into a multimedia database (Abate & Benghiat, 1992). The
multimedia database provided connections among the text
materials presented in specific courses, personal comments
provided by teacher practitioners, and videos of classroom
lessons. By design the multimedia database supported
individual, small group, and large group use and contained
the potential for innovative approaches to instruction. In
practice, lack of adequate lab facilities, lack of experience
with tec..inology, and a long tradition of expository teaching
limited the use of the multimedia databases.

The most commonly used feature of the multimedia
databases was a video presenter. Using this feature an
instructor could select video segments and display them to a
lecture audience. The problem with this feature was that it
was embedded in a database that appeared rather complex to
the typical faculty user. Users were required to understand
the Macintosh interface in order to find the video presenta-
tion features. Many of the faculty were not familiar with
using a mouse or a graphic user interface with pull down
menus. As such, it was difficult for them to access and use
the presentation feature. The video presenter was rewritten
as a stand alone application. This change minimized the
amount of effort required by faculty to integrate the video
presenter into their courses.

Faculty members teaching with lecture-based course
materials were targeted for individual development of video
presentations. Previous experience with instructional
software development indicated that the success of the
software would be influenced considerably by faculty
acceptance of the materials produced. (Hannah & Abate,
1993) As such, faculty members were encouraged to
participate in the development of the video presenter
software.

Video Presenter Features
The first version of the video presenter included features

such as text overlays. A text overlay, used as a title or
segment description, could appear prior to a video segment
or during an entire segment. This version of the video
presenter also supported creating segments by clicking on
"mark start" and "mark end " buttons while previewing
video segments. Although these features appear useful on
the surface, the faculty did not use them. The faculty
became confused at times on how to use the software due to
the clutter these features added to the video presenter screen.

4 G
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Threrefore. these features were dropped to simplify use of the
software.

The current version of the video presenter is a HyperCard
stack titled "Simple Controller". This stack automatically
initializes a videodisc player when you open the software.
Automating the start up process gives the faculty one less
issue to deal with when presenting in front of a class. The
Simple Controller informs the user if the player is attached,
is on, and if it contains a videodisc. Each card on the Simple
Controller stack consists of six video buttons, six start frame
fields, six end frame fields, and six fields for entering
segment descriptions. (See Figure 1) At the bottom of each
card are seven remote control buttons. Each button is labeled
and the labels are comparable to the ones found on a VCR
remote control. Clicking on a button initiates the labeled
action. Four additional buttons are provided for control
purposes. The Frame # On/Off button is used to display
frame numbers from the videodisc on the video monitor.
Users identify first frames and last frames using this button.
The frames are then typed into the appropriate First Frame
and Last Frame fields provided beside individual video
buttons. When clicked, the Find Frame # button requests a
frame number from the user, searches the videodisc for the
frame number and displays that frame on the video monitor.
It is typically used when previewing materials and making
decisions. The Picture On/Off button replaces the video
signal with a blue screen. This button is typically used
during lecture to return student attention from the video to
the lecturer. The New Card button lets the user create
additional segments. Thus, the user is not limited to six
segments per presentation.

Creating a presentation
In general, video presentations are produced through a

series oi simple steps. First, a faculty member identifies
portions of a lecture that could be enhanced through video
examples. Next, this information is shared with a member
of the College of Education Videodisc Project team. The
project team member identifies general video segments
from one of thirteen different lessons stored on videodiscs.
Attempts are then made to find as many segments on each
videodisc lesson as is possible. The rationale behind
limiting segments to one videodisc is a practical one.
Changing videodiscs during the middle of a presentation
requires pulling a videodisc out of a videodisc player, and
reinitialize the videodisc player. This increases the time
required to make the presentation and disrupts the continu-
ity of the presentation. After the general videodisc
segments are identified, the faculty member previews the
segments using the remote control features located on the
video presentation software and enters the specific frame
numbers and segment descriptions into the appropriate
fields. Once all the desired segments are entered the
software is ready for classroom use. For example, in the
first entry in Figure 1. the user has typed a description of a
segment on "face to face interaction" from a cooperative
learning lesson. This segment begins at frame 22 and ends
at frame 1245. The first and last frames were typed into
the corresponding first and last fields. To view this
segment the user clicks the mouse on the Video button to
the right of the fields and the segment begins to play.

In other instances, the user may create a presentation
using the software and then transfer each of the segments to

Simple Controller
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Last Frame

.?Z Video

,..U.4§

Positive Interdependence First Frame
Last Frame
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,.0979 Video

1 meiiiiii
Social Skill* Taught First Frame

Last Frame
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Figure 1. HyperCard Simple Controller for Videodisc Player.
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videotape for classroom presentation. Three basic reasons
were identified why some faculty members prefer to have
their videodisc presentation transferred to videotape. One
reason was a phobia of the computer/videodisc player/video
projector arrangement. Given the numerous wires and
cables, their concern is reasonable. The second reason
identified was limited access to the videodisc equipment
Not all classrooms on campus have easy access to the
computer/videodisc player/ video projector arrangement but
most classrooms on campus have some form of access to
videotape. In addition, some classes are taught off can Tais.
In these instances it was simply not feasible to use the
videodiscs. A third reason cited by faculty arose in situa-
tions that required changing videodiscs in mid-presentation.
One benefit of using the videodisc is rapid access to video
segments. Changing videodiscs during mid-presentation
eliminates this benefit. Fortunately, Cleveland State holds
the copyright to the video materials recorded on the
videodiscs. As such, there are no legal issues to contend
with when transferring the video segments to videotape. In
addition, encouraging faculty to create their own tapes has
led to increased familiarity with the tecnnology. This in
turn has increased both usage and interest in the existing
videodisc materials.

Advantages and Disadvantages of the
Presenter

Investigations into the tr,c.. of videodiscs suggests that
they may provide a way to improve student comprehension
of content by anchoring instruction in real problem situa-
tions (Sherwood, Kinzer, Bransford, and Franks, 1987).
Practical experience suggests several advantages for
including the use of the videodisc examples along with
expository teaching. Comments from faculty suggest that
students understanding of concepts, methods, and strategies
presented in class are enhanced by providing examples of
exemplary teaching. Each lesson segment provides a
common frame of reference that includes highlights of the
key teaching am-ibutes identified in the lecture. As such,
class discussions are more meaningful now that the students
have a common context to refer to.

Field experience is a key component of the preservice
teacher education program at Cleveland State. However,
not all field experiences are comparable. The faculty who
use the video presenter have reported that the videodisc
lessons offer more controlled experiences. In addition, the
videodisc lessons assist in teaching the students how to
observe teachers in the field.

In addtion, the faculty hold that it is important to model
quality teaching in the preservice program. The video
presenter has provided a practical way for the faculty to
model the appropriate use of technology in the classroom.

Despite the perception of these advantages, several
factors that made it problematic for faculty to use the
software were identified. The problems fit into two
categories; technical and content. On the technical side, a
common and justified complaint was that the equipment
was too cumbersome. To present in a classroom, the
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instructor was required to wheel a cart from a computer lab
to the class, which might be in another building. The cart
included a videodisc player, a speaker, a computer, an LCD
display, a video projector, and a seemingly endless mass of
cables. Even seasoned computer users found the mass of
equipment somewhat overwhelming.

Many of the classrooms are not designed for video
projection. In these classes the faculty member was
required to disconnect the video and connect it to in-class
video monitors. The in-class monitors provide an image
that is considerably smaller than that provided by the
projection device. In addition, the quality of the video
image presented on the monitors is diminished.

One of the most disconcerting problems stemmed from
increased use of the equipment. The computer/videodisc
setup was used for many courses and it was not uncommon
to discover a few minutes prior to class that needed software
had been unwittingly removed by a prior user.

Content problems revolved around two related issues;
only a limited number of video examples were available and
a considerable time commitment was required to create new
materials. The latter problem was compounded by the
reality that faculty are not provided with either the time or
incentive to create additional examples.

Summary
The video presenter program represents a small portion

of the technology-related instructional materials developed
for use in the preservice education program at Cleveland
State. The video presenter went through several revisions
before an acceptable product was produced. The mandate
advanced by faculty was "make it simple to use." Techni-
cally the software was neither complicated or impressive.
However, it has proven impressive in that is has altered the
way some faculty view technology. Based on the experi-
ence of developing and implementing the video presenter, it
may be argued that the old adage "All things being equal
that which is simplest is best," applies to videodisc technol-
ogy as well. The simplicity of the program has encouraged
some of the faculty who were not interested in technology to
examine how technology might improve their teaching and
it has provided a means for getting them started.
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Creating Images of Model
Elementary School

Mathematics Programs

Sandra L. Atkins
Cleveland State University

The Curriculum and Evaluation Standards for School
Mathematics (NCTM, 1989) describes a new vision of
school mathematics. This vision seeks to actively er.gage
students in the learning of mathematics: "learning math-
ematics is doing mathematics." Learning mathematics is no
longer considered to be the memorization of facts and
procedures but is the exploration and constniction of
patterns and relationships (Everybody Counts, 1989; Steen,
1990).

The view of the learner of mathematics has also
changed. The mathematical world of the learner involves
engaging in problem solving activities, communicating
mathematically, and reasoning mathematically (NCTM,
1989). The student is no longer viewed as a passive
receiver of knowledge but is the active participant in the
construction of his/her own knowledge. In this context it is
assumed that, "a student's mathematical actions or explana-
tions are reasonable from his or her point of view" (Cobb et
al., 1991, p. 7). These actions or explanations are viable
constructions until a conflict arises between solutions or
understandings. Through seeking resolution to these
conflicts learning occurs (Cobb et al., 1991)-

Where does this leave the teacher? The teacher is no
longer the authority figure in the classroom but serves as a
facilitator/resource person. Cobb et al. (1991) describe an
alternative way in which a teacher can express his or her
authority in action:

The teachers' role in initiating and guiding mathematical
negotiations is a highly complex activity that includes
highlighting conflicts between alternative interpretations
or solutions, helping students develop productive small
group collaborative relationships (Wood & Yackel,
1990), facilitating mathematical dialogue between
students (Wood, Cobb, & Yackel, 1989).

It is the teacher's responsibility to provide potential
learning experiences in which students can construct
mathematical understandings.

Accompanying the changing views of mathematics and
the teaching and learning of mathematics is the role of
assessment in the mathematics curriculum. Traditional
paper and pencil quizzes and tests no longer "fit" this new
vision of school mathematics. Consequently, alternative
forms of assessment have become a popular topic at
professional meetings, inservice workshops, and education
classes. These alternative forms of assessment include
observation, interviews, conferences, performance assess-
ment and portfolios (Stenmark, 1991). Each is designed to
provide the teacher with insights into the mathematical
constructions of his or her students.

Implementing a New Mathematics
Curriculum

The successful implementation of the school mathemat-
ics curriculum described by NCTM requires present and
future teachers to create a new image of the mathematics
classroom. Unfortunately, the previous experiences of
current and future teachers do not provide these individuals
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with an image of school mathematics described above. That
is, the ways in which these individuals learned mathematics
and experienced the teaching of mathematics is representa-
tive of the "traditional" school mathematics curriculum
(Barron & Goldman, 1992). These individuals have strong
images of memorizing facts and procedures, completing
pages of drill and practice activities, and working individu-
ally in the mathematics classroom. As a result they have
constructed a strong image of a teacher's role in a "wadi-
tional" mathematics classroom. However, creating a new
image of school mathematics requires preservice and
inservice teachers to shed previous conceptualizations of
teaching and learning mathematics and to construct a new
image in which their role and the students' role is redefined.

Why Interactive Video?
As a teacher of mathematics methods courses, I have

found the creation of meaningful experiences in which
preservice teachers can create an image of their role in
teaching mathematics, both challenging and frustrating.
The mathematics department has sought to redesign the
mathematics courses for elementary education majors to be
supportive of the mathematics described in the Standards.
That is, instructors of these courses seek to model effective
mathematics instruction outlined in the Standards. In
addition, problem solving is emphasized throughout the
mathematics curriculum.

The mathematics methods course has been designed to
continue modeling effective instructional strategies support-
ive of the Standards. In addition, preservice teachers are
providee with a variety of experiences, both in the univer-
sity setting and in the urban elementary school setting,
designed to support curricular changes in the community.
Although the students have experiences with cooperative
learning, problem solving, alternative assessthent, and
technology, they do not have an image of how these
components fit together. That is, the methods students are
struggling to reconcile preconceived notions of their role as
a teacher with the role described to and modeled for them in
their mathematics and mathematics methods courses. They
are struggling to create an image of teaching mathematics
which incorporates ail of the above mentioned instructional
techniques.

The time limitation inherent in a one-quarter methods
course further complicates the creation of experiences
which can assist in the construction of an image of teaching
mathematics. Consequently, I turned to the Videodisc
Project Team at Cleveland State University. I hoped that
we could create a series of videodiscs and videotapes
containing model mathematics lessons and programs.
These videodiscs and tapes would then become an integral

part of the methods course to provide an image of this
"new" school mathematics curriculum.

The topics chosen for videodisc production were
influenced by the mathematical reform activities of the
university and the surrounding school systems, in particular
the reform efforts of the Cleveland Public Schools. Five
aspects of school mathematics were chosen as potential

videodisc topics: problem solving, parental involvement,
mathematical competitions, new curriculum implementa-
tion, and students with special needs. Each of these topics is
receiving increased attention in the Cleveland Public
Schools and the surrounding school systems.

Problem Solving
Engaging students in mathematical problem solving is

the focus of the mathematics curriculum described in the
Standards. With the support of the Cleveland Collaborative
for Mathematics Education, a Problem Solving Bulletin
Board has been established for use by all schools with
telecommunications capabilities in the Cleveland area.
Each week five problems are available for each of four
levels: lower elementary, upper elementary, intermediate
school, and high school. Teachers and students are able to
get copies of the problems and submit solutions via a
modem. Although this is a free service, few teachers have
incorporated the bulletin board problems into the mathemat-
ics curriculum. Consequently, the first component of the
videodisc and videotape materials provides users with a
model for effectively engaging students ili collaborative
problem solving.

Parental involvement
Changes in the mathematics curriculum and the

utilization of alternative assessment techniques have raised
concerns among many parents. As with teachers, the
previous experiences of parents in the mathematics class-
room are quite different from the "new" school mathematics
curriculum. They have many questions regarding the lack
of worksheets, quizzes, and tests. In addition to the need . JT
informing parents of the changes taking place in the
mather AtiCs curriculum, parental inclusion in the math-
emati( s education of their children is receiving increased
attention. Parents often influence their children's concep-
tion of their ability to be successful in mathematics and in
pursuing mathematics related careers (Booth, 1992). In that
Cleveland State University is an Equals/Family Math site.
We were able to utilize the Family Math staff in the creation
of videodisc materials which show parents and teachers
working together to learn effective ways to engage children
in mathematical activities at home.

Mathematical Competifions
The use of mathematical competitions to enhance the

school mathematics curriculum is a third component of the
videodisc materials. A buzzer system competition, used at a
local elementary school, is the focus of this segment.
Preservice and inservice teachers will be provided with a
visual hnage of elementary school students excited about
participating in a mathematics competition.

New Curricular Adoptions
Accompanying the growing influence of the Standards

on the school mathematics curriculum is the creation of
texthooks and materials supportive of needed curricular
changes. This year the Cleveland Public School System
adopted the Mimosa textbook series for grades K-3. This
series provides a communication approach to teaching
mathematics which is supportive of both mathematics
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reform endeavors and the use of whole language in the
elementary school mathematics curriculum. Through using
videodisc and videotape materials the project team hopes to
provide both preservice and inservice teachers with models
for teaching lessons from this new text at a variety of grade
levels.

Students with Special Needs
A final component of the materials will be examples of

including students with special needs in mathematics
lessons. The methods course is required for students
seeking certification in teaching the developmentally
handicapped. However, few examples of implementing the
Standards with students with special needs exist.

Perceived Uses of the Materials
Both the videodisc lessons and videotape lessons will

become an integral part of the mathematics methods
courses. Students will be provided with opportunities to
view classroom teachers and school children doing the
mathematics described and modeled in class. In addition
they will be provided with visual images of strategies for
engaging parents in the mathematics education of their
children and the inclusion of students with special needs.
The materials will also be available to teachers and adminis-
trators in the surrounding districts for use in inservice
programs on mathematics education.

Conclusion
Each of the five components of the videodisc/videotape

materials was chosen to support national, state, and local
mathematics education reform. Although the target
audience was initially the students in the mathematics
methods courses at Cleveland State University, we have
found that inservice teachers and school administrators are
interested in using the materials to enhance their reform
efforts. It is hoped that through the use of videodisc/
videotape technology the large number of preset-vice and
inset-vice teachers at the university and in the surrounding
school districts can begin to create a vision of their role in
the changing mathematics classroom.
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Planning and
Implementing a

Videodisc-Based
Observation Program

Kathleen Benghiat
Cleveland State University

Ron Abate
Cleveland State University

Secondary teachers have long been aware that the
integration of a variety of student reading and writing tasks
in the instruction on content is essential to student under-
standing of the material. The realities of the classroom,
however, can place constraints upon the best of teacher
intentions, and often little or no student reading or writing
takes place during extended periods of class time. In
planning for a graduate course in reading and writing in the
content areas, the Cleveland State University faculty
member responsible for the course determined that observa-
tions of the amount and kinds of reading and writing
actually taking place in real content area classrooms would
provide students with insights into existing classroom
practice. These insights could then be used by graduate
students to develop inservice programs to facilitate change.

Initially, the graduate students enrolled in the content
area reading and writing course were asked to seek out
secondary content classrooms to observe and then asked to
complete observation inventory forms in these classrooms
during at least one full class period. What seemed to be a
simple course assignment was fraught with unforeseen
complications. Most of these graduate students are practic-
ing elementary and secondary school teachers. Although
the secondary teachers had little trouble finding a class to
observe in their buildings, they had difficulty clearing time
in their teaching schedules to finish the task. Elementary
teachers had trouble finding a suitable class to observe and
even more trouble clearing time in their work days to leave
their buildings and carry out the assignment.

When the observations were finally completed, a new
set of problems emerged. As the graduate students shared
their observations with their classmates, it became apparent
that translating the wide variety of experiences into one
clear picture of classroom practice was time consuming and
cumbersome. Furthermore, the students' lack of experience
with observational research and the instructor's limited
knowledge of the classrooms where the observations took
place made the assignment even less useful. The idea
looked good on paper but was plagued by practical prob-
lems, and the instructor considered abandoning the observa-
tion assignment.

Planning the Videodisc Materials
The problems related to the observation assignment

were explained to the College of Education Videodisc
Project. The project team had spent the previous four years
developing hypermedia instructional materials for under-
graduate and graduate education courses. After a number of
brainstorming sessions, the instructor and project team carne
up with a plan for using technology to make the assignment
more viable. First it was decided to sepuate the graduate
class into content area groups (social studies, science,
English, mathematics), and to provide each group with a
secondary classroom in their content area to observe via
videodisc.

A Greater Cleveland eighth grade teacher from each of
the four content areas agreed to be videotaped for the
observations. The teachers were asked to teach their
regularly scheduled lesson for the taping and to keep the
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Figure 1. The Observation Form.

lesson as close to a half an hour as possible. Two cameras
were used for the taping, one following the teacher and
providing a wide shot of the classroom and the other
supplying a close up shot of a group of students. Minimal
editing was done to provide the graduate students with a
realistic observation of the types and amount of reading and
writing in the class while establishing the teacher's role in
the lesson. The final edited tapes focused primarily on the
students. Each of the final tapes was pressed on to separate
videodiscs.

To ensure complete, accurate, and consistent observa-
tions and a rapid and accurate tabulation of data, Observer,

a specially designed observation inventory program was
created. Using the Reading Behavior Inventory Form, a
type of interaction analysis developed by Dolan, Harrison,
and Gardner (1979) as a model, Dr. Jane Zaharias of the
College of Education at Cleveland State developed a special
observation form for the Observer program. The main
goals of the computer program Observer are to enhance
students observational skills and to provide an awareness of
classroom practice. The program addresses these goals in

the context of controlled observation, providing an environ-
ment that eliminates many of the problems associated with
field observations. The program runs on a Macintosh LC

computer. Additional requirements include a Pioneer
videodisc player and a video monitor.

During initial program design, a decision was made to
simplify student interactions with the computer so that the

students could concentrate on the meaning of the observa-
tions rather than the complexity of recording observations.
It was anticipated that some of the students would be

familiar with the Macintosh user interface. For this reason it

was decided that the Observer program would conform to

the Apple user interface guidelines. All student interaction
with the program would be accomplished through simple
mouse actions. Limiting control to mouse actions relieved
students of the need for keyboarding skills or knowledge of
control key commands.

Program Specifications
The final version of the program consists of three

screens. The Observation Form used to record observations
serves as the opening screen. A second screen, Current
Results, accessed via the Statistics Menu, provides a
snapshot view of all recorded observations. A third screen,
Current Frequencies, displays the number and proportion of
responses according to category and type.

The Observation Form allows students to select from
five categories of actions: a) specific teacher behaviors; b)
specific student behaviors; c) reading materials used; d)
writing task; and e) the class grouping situation. (see Figure
1). Each category on the form contains a listing of possible
observations. Students are directed to set a one minute time
interval for each observation. To record an observation
students use the moust to point to the desired description
and then click to select it. The selection then appears in the
appropriate Current Selection box provided below each
category listing. The Current Selection boxes were added to
the program after initial prototype testing. A student must
select one action from each category for each interval in
order to continue the overall observation. In testing it was
common for a student to overlook a category in an interval.
However, the Observer program does not let the overall
observation resume until each category in each interval has
a description. An empty Current Selection box cues the
student to what category of observation lacks a description.
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The student then selects a description for that category. The
Current Selection box serves a secondary purpose; students
find it reassuring to see their choice verified on the screen
before they continue on to the next observation.

In addition to recording observations, the observation
form screen provides information regarding the progress of
the observation. The numbered boxes at the bottom of the
screen indicate what the current observation interval is and
how many observations remain. Finally, this screen
provides control buttons which let the students examine the
lesson without recording observations.

The decision to provide a picture of overall interactions
during the lesson video made it necessary to organize the
observations in a manner which would reflect change over
time. The original design called fcr the presentation of a
simple grid system which would capture changes among
categories, descriptions and time intervals. In the prototype
this information was presented concurrently with the
Observation Form. Comments from users during testing of
the prototypes indicated that the screen display was too
complex when the observation form was displayed concur-
rently with the current results. In addition, users remarked
that it was more difficult to select descriptions on the
cluttered screen. Therefore, a design decision was made to
separate entering observations from viewing overall results.
A new grid was designed. Students now toggle between
observations of a specific interval and a snapshot of all
observations via a Current Results selection provided in a
pull down menu.

The final screen quantifies the observations made by the
students. For each description in each category a tally is
kept of the number of occurrences as well as the proportion
of occurrences by category. The Current Frequencies
option displays the number and proportion of responses
according to category and type. A print results option
provides students with both the current results information
and the current frequencies.

Implementing the Observer Program
Obs mer's debut was extremely successful. The

program was used in a laboratory setting with the course
instructor and a proctor from the Videodisc Project present.
For the purpose of the assignment, each content area group
was divided into two groups so that three students would be
at every work station. Work stations consist of a Macintosh
LC computer, a videodisc player, and a monitor. Prior to
the lab the class reviewed printouts of the Observation Form
A short how-to demonstration of the hardware and Observer
program was presented to the entire class. Then the students
were given the option of watching all or part of their video
before they began the actual observation activity. All
groups chose to watch a short segment of the video before
they returned to the beginning and launched into the
observation. Of the eight groups, only one needed assis-
tance in getting started and another requested help in
changing an observation they felt they had done incorrectly.
Most groups simply wanted reassurance that they were
proceeding properly before they rompleted the assignment
on their own.

As they were working, all of the groups commented on
how easy Observer was to use and how it simplified the
observation and recording tasks. Many felt the features of
the Current Selection Box and the control they had over the
pace of the activity made their observations more accurate
and sensitized them to problems they might encounter when
doing actual observational research. After the first few
intervals were recorded, conversations within the groups
shifted from the mechanics of the program to ;he observa-
tion process. All groups completed their observations in 90
minutes, including checking responses, and then requested
help in printing out the results. When the smaller groups
within content areas compared their printouts, their results
were remarkably similar, suggesting that Observer is a
reliable tool for developing skills in observational research.

In follow-up sessions, the four content area groups
reviewed and discussed their printouts. The goal of these
sessions was to analyze the data in terms of the amounts and
types of reading, writing, listening, and speaking that occur
in a typical content area lesson with an eye toward enhanc-
ing the delivery of content through strengthening the
effectiveness of all of these areas. This information was
then used to develop inservice presentations that provide
content area teachers with methods for integrating effective
reading and writing tasks into daily content lessons with the
ultimate goal of providing students with strategies for
learning.

Conclusion
Feedback from students using Observer for the fust two

times has been positive, with most praising the program's
ease and utility. Some stated that it gave them an excellent
introduction to observational research and would be useful
to them in research beyond the scope of the content area
reading and writing course. The course instructor feels that
Observer has strengthened her assignment both in facilitat-
ing the observation process and in providing consistent,
reliable data for hey students to work with. Observer has
become a permanent part of her course, and plans are
underway to modify the program for continuing use in a
variety of research studies.
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Educational Software
Types: An Interactive

HyperCard Tutorial

David C. Byrum
Southwest Texas State University

No other recent innovation in education has the potential
or pitfalls of computers in the classroom. When used to
potential, computers can be a valuable aid to instruction,
stimulating student interest, as well as, a tool for problem
solving and simulation. When used at their worst, comput-
ers can become electronic flashcards boring students and
wasting expensive resources. Studies (Ely, 1987; Koohang,
1987; and U.S. Congress, 1988) have shown that given the
vast amounts of software available for instruction, teachers
are using programs that primarily involve low level skills
and thinking processes (e.g., drill and practice or tutorial
software). The primary reason for the underuse of high level
thinking programs by teachers is lack of training in instruc-
tional software selection. Preservice teachers on the average
only view one to three pieces of software during their
educational training (Byrum & Cashman, 1993) and do not
receive thorough instruction and examples of other types of
software such as simulation or problem solving. This paper
will discuss a software project developed by the author as a
HyperCardni stack titled Educational Software: An
Interactive Guide to the Types of Educational Software to
teach preservice (or inservice teachers) the various types of
software and the characteristics of each. This software
project was developed as part of a 1993 Research Enhance-
ment Grant from the Office of Sponsored Projects at
Southwest Texas State University.

All students in the Curriculum and Instruction Depart-
ment at Southwest Texas State University are required to
take an instructional technology lab as part of their course-
work. This semester long lab covers educational uses of
microcomputers as well as other forms of traditional media
such as transparencies, laminating, and A-V equipment.
Over the years, as much information as possible has been
placed into self-paced instructional modules students use in
the lab. As part of their technology training on computers, a
self-instructional module was being developed by the
instructor on software evaluation and software types. An
informal software search conducted by the auo-or in the
Spring of '93 did not locate instructional software that dealt
with the subject area of software types. Therefore, the
author decided to continue with development of the
Educational Software: An Interactive Guide to the Types of
Educational Software HyperCard stack.

The types of software covered in the stack are drill &
practice, tutorial, simulation, and instructional game. The
major advantage to using the HyperCard program is the
ability to present the characteristics of the software type and
then allow the learner to use that type of software during
instruction. For example; after instruction on the characteris-
tics, advantages, disadvantages, and uses of drill and
practice software, the learner has the opportunity to use a
drill and practice session developed for the program.
Although many educational computing textbooks classify
software according to the categories outlined previously,
none are able to give learners the "hands-on" experience
needed within the instruction. It is somewhat ironic that
information on using software for instruction is often
presented in textbook form rather than using the media it
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promotes.
The main goal of developing this HyperCard stack was

for the students (preservice teachers) to be able to discrirni-
nate among the software types of drill and practice, tutorial,
simulation, and instructional game. The three major
objectives for the stack are to provide:
1. instruction on software types, characteristics, advan-

tages, and disadvantages in a non-threatening manner,
2. students with actual interaction with generic examples of

the different software types,
3. the instructors a way to customize the stack for their own

use and and their own software types.

General Format
To illustrate more clearly how the HyperCard stack

Educational Software: An Interactive Guide to the Types of
Educational Software functions, several of the screen
displays (cards), and descriptions from one section of the
program, have been included in this paper. The initial
screens of the program explain both what the program is
about, provide an overview, and give directions on how to
use the program and its various navigational tools. The next
section gives a main menu from which the user can choose
to receive instruction on either drill and practice, tutorial,
simulation, or instructional game. Each software type has
instructions that follow a basic format of:
1. A definition of the software type (posed as a question),
2. A flowchart or diagram explaining the basic functions

of the type of software,
3. Advantages of the software type,
4. Disadvantages,
5. An opportunity to use the software, and
6. A brief summary of the definition, advantages, and

disadvantages.

Sample Session for Drill and Practice
As an example of how the basic format is used, the drill

and practice section of the program will be explored in more
detail.

Definition of software type
A screen (card) gives a brief definition of the software.

The definition is provided as an answer to the question:
What is Drill and Practice Software? Drill and practice
software is educational software that does not attempt to
teach or provide instruction. Drill and practice reinforces
through practice and repetition the concepts or skills that
havz been taught by the teacher.

The author has tried to provide a flowchart that illus-
trates the operation or characteristics of the software type.
The flowchart in Figure 1 for drill and practice software was
adapted from Price (1991).

Advantages of the software type
Each software type has specific advantages tied to its

format and intended use. When possible, the author
consolidated and chose essential advantages when many
were available. For an example of the drill and practice
advantages please see Figure 2

Disadvantages
The card listing the disadvantages of drill and practice

used the sane format as the advantages card. Several of the
disadvantages included in the drill and practice section are:

Programs often boring and many students lose interest.
Appears more like tests to students than instruction or
learning.
Waste of computer capabilities using it as electronic
flashcards.
Does not help students learn how to solve problems only
respond to them (low-level thinking skills).

An opportunity to use the software
Each software type also has a short program demonstrat-

ing some of the characteristics and formats of that particular
type. This allows the learner an opportunity to immediately
interact with, compare, and use software types. The author
feels this ability is one of the greatest strengths of this
program. The drill and practice sample program gives the
learner several scenarios with which to interact. The first
four cards are mathematics examples in which the student
types in the answer to the problem and then clicks on the
ball (see Figure 3). After clicking on the ball, the user
receives appropriate negative or positive feedback on their
7esponse. If the user types in the incorrect answer twice, the
program responds with the correct answer. The math
examples are followed by four cards of language arts
examples in which the student receives practice in identify-
ing verbs and nouns by clicking on the correct word and
receiving feedback as before.

A brief summary of the definition, advantages,
and disadvantages

At the conclusion of the sample program there is a brief
summary of the key concepts to help the student both
review and refocus on the characteristics of the software
type before moving on to next. The following is the review
information for drill and practice software. Remember, drill
and practice software:

Does not attempt to teach, it is used only to reinforce
concepts and skills.
Helps prom ite memorization through repetitive practice
and immediate feedback.
Can be bori, and no more than "electronic flash cards"
when overused.

Key Features of Other Software Types
The tutorial, simulation, and instructional games

software types follow a similar format to that shown in the
drill and practice instruction. Space does not allow for a full
discussion of the instructional material and programs that go
with each software type but a brief overview of key
concepts and instructional information is listed below.

Tutorial.
The instructional information includes definitions,

discussion, and flowcharts of both linear and branching
tutorial software. After listing advantages and disadvantages
of tutorial software, the learner inter cts with a tutorial
program on telecommunications. The telecommunications
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Drill and Practice Software
Drill and. practice software generally follows a set procedure for
drilling the student on subject matter. The diagram below presents
the basic operation of drill and. practice.

_APReinforcement
message

Nent
problem

-.MMINEMMMIMIlilioalbMe.ImM...11WAIR.IMMil=1MMV.MIMAAIMMANNI.O.NMIIMmaat..1

Figure 1. Flowchart of Typical Drill and Practice Software

Drill and Practice Softwareni.o.rorwebramewwwasorimminwww.ww...
Advantages

Learning through repetition moves facts from short-term to
long-term memory

Learners receive immediate feedback for correct or incorrect
answers

Computer has unlimited patience (non-judgemental)

Many programs allow for record keeping in which the teacher
can check on a itudents progress through various reporting
options4..=mPloIMAINORI101,00,06.01.Mf ...1011-W.I.Onal=miftala.

Figure 2. Advantages Card from Drill and Practice Section.
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Type the answer and then click on
the ball to see if you are correct.

Figure 3. Example Screen of Drill and Practice Software.

user to whether the program is going through a linear or
branching process so that the learner can compare the two
techniques.

Simulation
The simulation section also includes definitions,

flowcharts, and advantages and disadvantages. Additional
information is given on the various types of simulations and
examples of each. The simulation types briefly discussed
are: a) physical simulations - physical object or phenom-
enon is represented on screen; b) process simulation -
teaches about process or concepts; c) procedural simulations
- teaches a sequence of actions that constitute a procedure;
and d) situational simulations - attitudes and behaviors of
people in various situations. Students then use a short
simulation program and view a summary.

Instructional Game
This section follows the same format as the others. The

instructional game is a role playing game in which the
learner becomes a detective in order to find out who let the
animals out of the zoo.

Additional Features
One unique feature built into the stack allows the

instructor to use commercial programs rather than the
sample programs provided. To use this feature the program

4 Si

you wish to use must be in the same folder as the five stacks
contained in this program. On the screen (card) following
the instruction for each software type is a button which
takes the user to the sample program. In addition to this
button is another button that allows the instructor to insert
their own program into the menu. For example, if the
instructor wished to use Oregon Trail as a simulation
example, the instructor could place the program in the same
folder and add it to the list of example programs. The
program will ask where the program is located and then
places the chosen progxam on the menu as the Oregon Trail
program has been done in the example shown in Figure 4.
After using Oregon Trail, the program would automatically
return the user to the HyperCard stack.

Although no formal evaluation questions have been
added to this program, they could easily be added by the
instructor at the end of each section or at the end of the
program. The author may add this feature along with student
identification numbers to keep track of students using the
program and their scores.
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Now you try it! Here's a chance for you to try some
drill and practice software to see what you think
about it.

Oregon Trail

Let's Try It!

< application name >

amorevormini..,sredIVINRadMill

Figure 4. Adding a Prgram to the Menu.
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Two Hypercard Stacks:
Design and Delivery to

College Juniors

Lio Garzone
State University of New York at

Oswego

William C. Bosch
State University of New York at

Oswego
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In response to the needs of college students we
developed two HyperCard instructional stacks that
address English language topics:

decayed second person personal pronoun forms and
shifted long vowels.

These topics are important in modern English (MoE)
and relate to New York State Education Department
(SED) English curricular goals, specifically language arts
objectives for primary, intermediate, and middle school
grades. Students in teacher education at SUNY at
Oswego pursue either N-6 or N-9 certification. A four
semester-hour, required, teacher education undergraduate
course, Curricular Foundations in the Language Arts and
Reading, includes objectives and SED goals related to the
content of the two stacks developed.

Problem: Need for Student Self Helps
Over 103 students are in each section of the course

which makes conferring with and supporting less able
students in small groups either in class or outside class
difficult. We identified 12-15 difficult English language
structures which relate to the course's three major
educational objectives: selected English language history
changes; fundamental linguistics systems (phonology,
syntax, semantics); literary principles such as four major
genres' characteristics: prose fiction, poetry, essay,
drama. We developed quizzes that assessed the students'
understanding of the 12-15 difficult structures.

Small group help for less capable students was
essential, but impossible, with as many as 140 students in
a section. We decided, therefore, to create an electronic
version of help that might, to some extent, replace the
small group help sections that were feasible when the
enrollment cap for the course was lower. We selected
HypeiCard as the development environment.

The HyperCard stacks function as an electronic
Rolodex of cards. A team of three authors, including a
student intern who was a computer science major,
developed a storyboard for the HyperCard stacks. Once
the general format of the stacks was defined the intern
created a template for cards in the stacks. The other
authors then used the template to create the first stack.

Design: Stack One
Twenty-three cards, using button choices (mouse-

clicked) and their responses, make up this HyperCard
stack target, an English language historical change. Early
MoE, spoken in Elizabethan 17th century England, used
seven second person personal pronouns (2ppp): thou, thy-
thine, thee, ye (these five now decayed) and your, you
(these two extant, then and now). The last two forms
serve all present day MoE 2ppp usage.

There are two reasons why students should know all
seven forms. One is linguistic, the other is literary. The
seven forms demonstrate:
a) linguistically, present day MoE consistency amongst

all personal pronouns: first, second, and third person:
singular and plural. The seven forms abet introducing
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b) literarily, a speech message's messenger and addressees,
i.e. different points of view (pov's), one of three
relations both singular (S) and plural (P):
1st person - that pov of speaker(s)'s self "I/We (S/P)
speak."
2nd person - that pov of one(s) spoken to, "You (both S
& P) speak."
3rd person - that pov of one(s) spoken of, (S/Hent: They
(S:P) speak(s)."

Stack one explores comparisons amongst first, second,
and third person personal pronouns. Like the other two
personal pronouns, the 2ppp subsumes case and number
inflections.

These comparisons are the crux of this stack . The now
decayed five forms plus the surviving your and you
demonstrate the 2ppp comprehensive mapping (both case
and number) upon the other present day MoE personal
pronouns.

The stack helps students learn about the decayed forms
by making connecticins with modem forms. The scaffold-
ing continues through the stack's cards. Via contextual
determinants the stack explores each specific decayed 2ppp
form, its contextual requirements (subject/object of sen-
tence/preposition) and compares them to students' already
known I ppp and 3ppp counterparts. A sample card is shown
in Figure 1.

Figures 2 and 3 explore present day MoE 2ppp's
truncations, ignoring number, i.e. both singular and plural
use of your. Present day truncations also ignore case, both
subjective and objective cases use you. When compared to
lppp and 3ppp, these truncations evidence inconsistent
present day MoE 2ppp usage.

Design: Stack Two
Seventeen cards compose this second stack: the great

long vowel shift. The first card addresses the target's
rationalefive English vowels' shifts (Baugh, 1935; Brook
1958) and their relationship to the objectives of the course.
Echoing stack one's format, this stack also employs buttons
and responses, however, accordion pleats (see Figure 4
below) and sound add unique features which trace five
shifted vowel sounds from Middle English (MIE) to MoE.
Oddly enough the five different vowel sounds total seven
and not ten. This seeming disparity complicates the shifts
because both MiE and MoE share three sounds but not for
the same alphabet letters. As the stack's Card 2 cites:
"Which shift side (MiE or MoE) holds which vowel
sounds?" The graphic pleats aud acoustic features self-help
students' mnemonics, remembering the two sets: MiE and
MoE vowels and their respective sounds. Both stacks
include self tests students can complete to test their knowl-
edge.

Delivery: Places, Times, Copies
Students can access the stacks over the campus wide

network. Since most campus Macintoshes (Mac's) network
to the mainframe, the Instructional Computing Center need
only load the stacks on the server. To activate any one
stack, students click a stack's icon and that stack loads from
the server to the student's Macintosh.

We encourage students to work in tandem or trios
because of the support this approach offers them in both
operating the computer and exploring the stacks' contents.
Four academic buildings have computer labs, each contain-
ing 5 to 25 computers (Mac's and IBM PC's). Open seven
days a week, the ICC, the library, and two dormitories can
also deliver the stacks in computer labs to students. Stu-
dents can also copy stacks to a floppy disk and use them on

miercise for number

1. Listen children, will sing on the count of three.

thou? ye?

2. are not going with me, Man.

Thou? Ye?

3. Are guys coming or not?

thou? ye?

4. J. or C., will please take the coat.

thou? ye?

Home

8

1. ye Yea!

2. thou Yea!

3. ye Yea!

4. thou Yea! (NB or not and)

keu

t-igure l. A sample uara trom me him Hyperuara STOCK.
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Exploring your: possessive case, plural.
Early MoE use for your solely plural possessive situations. Ho9me

Present MoE usage of your is so automatic, the speaker (303 student) is
not conscious of ignoring number, i.e. mixing singular/plural.

"Hey J and C, your (plural) raincoats are here, but rats
J, your (singular) umbrella is missing."

Present MoE

Figure 2. Modern English Use of 2ppp Truncation.

home computers not connected to the campus network. If
students experience difficulty grasping a stack's particular
aspect, they may print out a single card and consult with
the author or the course's teaching assistants about that
particular topic.

Preliminary Results
The content of the two stacks is covered on the second

quiz in the course (Q2). This report collapsed data across
Fall 1992 and Spring 1993 classes yielding a sample of
199 students. Students accessed/explored self helps before
taking Q2. This report analyzed Q2 scores separately and
compared the following data:

a) self help users vs non-users.
b) English/foreign language concentrates and other
concentrates.
c) traditional and non-traditional students.

We computed t tests and a one-way analysis of variance
but decided to use an analysis of co-variance (ANCOVA) as
the primary statistical analysis. We used GPA as the
covariate to control for differences in general scholastic
aptitude.

Since data analyses yielded no significant differences for
b and c above (concentrates and traditional/non-traditional
students), this report will discuss the results to a) above, self
help users vs non-users.

Tables 1 and 2 report significance for both unadjusted
and adjusted means. 7able I., stack one content (2ppp),
reports the mean (M) score for 'users, 10.8, was significantly
different from non-users' mean score, 9.3. Table I also
reports the ANCOVA application (the adjusted M; Adj @)
partialing out the influence of GPA.

Exploring you: objective case, plural.
Early MoE use for you = solely plural objective situations.

Home
10

Present MoE usage of you is so automatic, the speaker (303 student) is
not conscious of ignoring number (pour see Card 9) and case, subi/obj.

Present moE

"Hey J and C, you (subj. plural) ere late. I'll not call you (obj.
plural) again. And you (subj. sing.) especially J, you (subj,
sing.) better get cracking."

I tkpJIG U. \AM/ %11 I 11.4 II I

4 S 5
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MiE (click on)
shifted to

Accordion pleat

"spak" Say, "Ah!"

MoE

a

name; bait

(MoE = letter name)
Focus on sound not spelling

Home

4

Figure 4. Shifts from MiE to MoE.

Table 1
Q2 Mean Scores for Stack One

Adj@
@GPA partialled out.
Table 2., stack two content (shifted vowel sounds) reports
significance again between the two compared groups. Users'
Adj@, 12.2 proved significantly higher than non-users' Adj@,
11.3.

Comparison Group
Users Non-users
10.8 9.3
10.7 9.4

Table 2
Q2 Mean Scores for Stack Two

Comparison Group
Users Non-users
12.2

Adj@ 12.1

@GPA partialled out.

11.0
11.3

Table 3 reports Q2's combined stacks one and two data
yielding a statistically significant mean and adjusted mean.

Table 3
Q2 Mean Scores for Combined Stacks One and
Two

Comparison Group
Users Non-users
23.3 20.3

Adj@ 22.8 20.8
@GPA partialled out.

Discounting general aptitude variance (GPA partialled
out) these results indicate that self help users performed
significantly higher than non-users on Q2. This finding
provides tentative support for HyperCard's instructional
efficacy. However, future investigation requires a control/

experimental design to determine the causal relationship
between HyperCard use and student performance.

Those combined results foster our confidence to
generate more HyperCard stacks (three partially opera-
tional currently, see below) and to encourage non-user
students to use them. Anecdotal student comments support
the self helps' seemingly beneficial and salutary results:

"What! No more HyperCards?"
"For the next small group exercise, can we bring our
hard copies of the stacks?"
"Can I have my own disk copy of the stacks? Seven

students in our group intend to study together and Greg
has a Mac that could access the stacks."

Twelve Projected HyperCard Stacks
With help we intend to develop over time twelve more

HyperCard stacks for the course:

I. English History Components
'Verbs: Strong, Weak, Partially Strong (1).

IL Linguistics (bold: partially operational, currently)
'Verbs: transitive, intransitive, linking (2).
'Objects: direct, indirect (3).
'Complements: subject, object (4).

III. Literary Structures
*Theme: prose fiction, poetry, drama (5).
-Essay, thesis.
a. logical structure (6).
b. rhetorical structure (7).
'Irony, three kinds: all genres (8).
Drarna
a. French scene (9).
b. conflict, between/amongst characters (10).
'Poetry, sound
a. scansion
b. features: alliteration, assonance, consonance (12).

VI. The Computer Science Department
'Interns (majors) will help program presently
storyboarded projected HyperCards.
We plan to design and deliver the\new stacks with

more elaborate sound and video capabilities.
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Implementation Issues in
Using Hypermedia/
Interactive Video in

Special Education

Cynthia M. King
Gallaudet University

Emily J. Larkins
Gallaudet University

Project ALIVE!: Acquiring Literacy through Interactive
Video Education is a federallyfunded project designed to
assess the implementation and the impact of interactive
video on the reading and writing of deaf high school and
intermediatelevel students. The project provides training,
support, multimedia equipment, and resources to teams of
two faculty from each of four programs for deaf and hard
ofhearing students.

The implementation plan for Project ALIVE! is based
on Thurston's START model (n.d., cited in Bienvenue &
Toth, 1992), which indicates that Support, Time, Access,
Resources, and Training are all necessary for the successful
implementation of new innovations (including technology)
into the classroom. The project also uses a Teacher
Empowerment model (e.g., Glatthorn, 1992; Heller, 1993),
which emphasizes extensive teacher control of the imple-
mentation process and extensive teacher involvement in
decision making.

This paper presents implementation issues that have
emerged during the first year of the project. A wide range
of information has been collected by participants in this
project seven teachers and one media specialist and the
most important "lessons learned" are described herein.

Support
Participants report that having Project ALIVE! staff

available for support via phone, electronic mail, and
monthly visits is an essential component of their success
with interactive technology. This technical and curricular
support appears to have benefits in terms of (a) increasing
implementation efficiency and effectiveness, and (b)
fostering feelings that the teacher's work is valued.

Administrative and peer support are also key factors for
success. For example, administrators from the schools were
invited to a showcase at the end of the initial training
program. This allowed administrators to understand the
project more fully and to support the teachers on their return
to school. Peer support (both at the local school and
between schools) is being fostered through electronic mail,
visits between schools, and additional training/ curriculum
development activities during the school year.

Project ALIVE! also provides support in the form of
monetary compensation (stipends for training and funds for
curriculum development work). Such support, participants
report, is important because it symbolizes that they are
professionals who have substantial contributions to make.

Time
Not surprisingly, time is the number one problem

identified related to the implementation of interactive
technology. Originally, our plan was for teachers to be
released from their classes one day a month for curriculum
development and other activities. It soon became clear that
such was impossible due to the amount of work needed to
prepare for a substitute teacher and/or the unavailability of
substitutes with experience with deaf students. Therefore,
during the first semester of implementation, teachers were
paid for curriculum development on one Saturday each
month. In Spring, 1994, this plan was modified to permit
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the teachers and staff more flexibility in curriculum
development. For e;rample, some teachers continued
extensive curriculum development on their own; others
outlined projects and work with university students to
develop materials. Other resources were devoted to
activities that could benefit all in the project (e.g., creating
data bases of video clips from videodiscs).

Perhaps one of the most important lessons related to
time usage was the recognition by participants of different
uses of the technology. During initial training, we had
used what might be called a product development focus
where the goal was to develop a comprehensive
hypermedia unit related to a particular videodisc. From
this initial focus, some teachers moved quickly into using
the computer as a tool for daily lesson support and
encouraging student uses. Over one semester's time, all of
the participants made the transition from a product
development focus only to varied uses of the technology.
Increased use of the technology appeared to be most
closely related to the change from a product development
focus to a tool use focus.

Access
During Year One of the project, the two teachers from

each program have exclusive use of a computer/video
workstation in their own classrooms (i.e., others in the
school are not allowed to use the equipment). Although
no comparative data are available, we believe that such
use has allowed the teachers to integrate technology more
fully than would be possible otherwise.

However, even with the current arrangement, prob-
lems in access have emerged due to distances between
classrooms, difficulties in acquiring movable furniture,
and use of the system by one teacher when the other has
planning time. Some of these problems will be alleviated
during Year Two when an additional workstation is
purchased and plans for local fund-raising are initiated. In
the meantime, teachers have come up with innovative
strategies, including making time-sharing arrangements
and requesting that Asymetrix's Compel (a major software
tool in the project) be purchased for the school lab for
student use.

Resources
Project ALIVE! uses PC-based 486 computer systems

with CD-ROM drives, sound boards, video overlay
boards, and frame-accurate videodisc players as multime-
dia workstations (video digitizing boards and optical
scanners will be added during Year Two). Large-screen
(32") televisions and VGA to NTSC converters are used
for projection purposes. Each team also has a personal-
level laser printer and a budget for curriculum materials
such as videodiscs and CD-ROMs.

The decision to use high-end equipment was based on
what Sheingold and Tucker (1990) call the misconcep-
tions of power, timing, and incrementalism, which often
lead educators to seek low-end solutions. High-end
equipment must be tested now, despite high costs, in order

for schools to be ready to take full advantage of these

4S9

technologies when costs decrease.
Major problems related to resources have been of two

types: (a) accessibility for deaf and hard-of-hearing
students to sound-based media, and (b) identification of
effective, affordable projection technology.

The accessibility issues have been the most problematic.
For example, King (1993) reported that only 2% of educa-
tional videodiscs and 17% of entertainment videodiscs are
captioned. Although no similar statistics are available for
other interactive materials, access to information presented
via digital video or audio is often restricted for deaf and
hard-of-hearing students. Access problems, however,
occur even when captioned materials are available. Project
ALIVE! participants have been dealing with captions that
appear (and disappear) inconsistently when a videodisc is
accessed in an interact"-z. manner. The problem was finally
tracked down to the analog-to-digital converter used in the
videodisc player. For the short term, we are switching to
videodisc players that do not have analog-to-digital
converters, but this means losing frame accuracy and still-
frame capability with CLV-videodiscs. (Readers interested
in our long-term plans regarding this problem should
contact the first author.)

The search for appropriate projection technology was a
challenge for Project ALIVE! Cost, lighting, and/or flicker
problems made LCD panels, large-screen monitors, and
low-cost VGA to NTSC converters unacceptable for our
purposes. (Note: Lighting problems were especially
important in that the students and teachers rely on visual
means of communicationturning out the lights is simply
not an option!) After much searching and evaluation, we
finally selected medium-cost (-$1,200) VGA to NTSC
converters and large TVs. Although still costly, this
solution has the side benefit of allowing teachers and
students to record their multimedia presentations on
videotape. A negative consequence of the decision has been
that some previous work must be redesigned because the
TV does not display the top and bottom 4% of the screen
(Note: the converter includes drivers that eliminate this
problem, but they do not work with the video configuration
we are using.)

Training
Two aspects related to training are of note: (a) selection

of easy-to-use tools, and (b) recognition that extensive
training must be on-going throughout the school year as
well as during summer workshops.

We decided to Lise a multimedia presentation program
(Asymetrix's Compel) as the basis for much of our work.
We chose this over more powerful programs such as
Toolbook and HyperCard, 'oecause we wanted the teachers
to concentrate on instructional issues rather than scripting
(some of Toolbook's power was made available to teachers
via templates created by the first author). This decision
appears to have been a good one in that teachers were
creating sophisticated hypermedia presentations with a
week's training (e.g., teachers were able to create anima-
tions, hyperlinks, and media links without having to develop
and debug scripts). During Spring, 1994, we will expand
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the basic set of tools to include Express Author (a front-end
for Toolbook, developed at the Institute of Academic
Technology, University of North Carolina at Chapel Hill),
which will provide even greater fun.. 'onality for teachers,
also without having them need to lerrn scripting.

Initial training for the teachers and media specialist was
provided in a month-long training and curriculum develop-
ment workshop at Gallaudet University during Summer,
1993. A follow- up workshop (on digital video) will be
provided in Summer, 1995, and the participants will
conduct their own dissemination and training workshop in
Summer, 1996. We originally planned to supplement the
workshops primarily with just-in--time training via phone,
email, and visits. Since that time, we have recognized that
more extensive training sessions during the year provide
important opportunities for participants to share ideas face-
to-face and to ensure that everyone benefits from the just-
in-time training created in response to a specific teacher's
request. New software (e.g., Express Author) and hardware
(e.g., scanners) also provide occasions for which extensive
training and practice may be more effective than just-in-
time training.

Summary
This paper summarizes some of the implementation

issues and problems Project ALIVE! has addressed in its
first year. Evaluation data concerning our implementation
efforts and the impact of interactive technology on student
and teacher outcomes will be forthcoming.
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Panel Moderators:
Cynthia M. King is Associate Professor and Chairperson
of the Department of Educational Foundations and
Research at Gallaudet University. Email:
cmking@gallua.BITNET or cmking@gallua.gallaudet.edu

Emily J. Larkins is a Senior Research and Technical
Associate for Project ALIVE! at Gallaudet University.
Email: alv_larkins@gallua.BITNET or
alv_larkins@gallua.gallaudet.edu

Panelists: (in alphabetical order)
James H. Barrie, Vivian H. Dalmas, Anthony D. Hornicic,
Leslie H. Kendall, Gretchen Miller-Selvage, Rosemary A.
Stifter, Charles C. Welsh-Charrier, and Wilda H. Whitley
(Affiliations and contact information for these individuals
can be found at the end of the King et al. and Noretsky et
al. articles in this volume.)

Individuals seeking general information about Project
ALIVE! should use one of the following avenues of
contact: Voice Phone: 202-651-5545, TDD (Teleconunu-
nications Device for the Deaf) Phone: 202-651-5685,
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Interactive Video,
Hypermedia, and Deaf

Students: Literacy
Applications

Cynthia M. King
Gallaudet University

Vivian H. Dolmas
Athens Drive High School

Leslie H. Kendall
Eastern North Carolina School for

the Deaf

Gretchen Miller-Selvage
Frost Intermediate School

Charles C. Welsh-Charrier
Model Secondary School for the

Deaf

Marfin R. Noretsky
Gallaudet University

Project ALIVE!: Acquiring Literacy through Interactive
Video Education is a federallyfunded project designed to
assess the implementation and the impact of interactive
video on the reading and writing of deaf high school and
intermediatelevel students. The project provides training,
support, multimedia equipment, and resources to teams of
two faculty from each of four programs for deaf and hard
ofhearing students.

The basic goal of the project is to provide teachers and
students with tools for enriching instruction through visual
means. The project's toolbox includes: (a) multimedia
programs (Asymetrix's Compel and Toolbook), (b) elec-
tronic resources (e.g., Microsoft's Bookshelf and Software
Toolworks Multimedia Encyclopedia), (c) basic productivity
tools (e.g., Window's Accessories and other programs such
as Microsoft Word), (d) clip art and scanned images
libraries, and (e) c aptioned videodiscs.

In this paper, the applications that Leven teachers, a
media specialist, and their students ha developed give
readers a flavor of the project through description and
sample screen shots. One example from each participant is
provided and these are a but a small representation of the
strategies the group as a whole developed. The examples
are organized as follows. (a) visuallysupported instruc-
tional strategies, (b) visuallysupported vocabulary activi-
ties, (c) uses of graphic organizers, (d) uses of hypermedia
resources, (e) and student uses of hypermedia and interac-
tive video.

(Note: This paper addresses literacy applications.
Noretsky et al., in this volume, address science and social
studies applications. King and Larkins, in this volume,
address issues related to the process of implementing
interactive technology in classrooms for deaf and hardof
hearing students.)

Visually-Supported Instructional
Strategies

Each of the teachers in the project selected a captioned
movie on videodisc to use as the basis for their first effort
with interactive instruction. Examples of how teachers used
those materials for English classes are provided.

Story Structure
Vivian Dalmas used the movie, The Great Gatsby, as

the basis for her instructional unit. She ientified highlights
of the movie and then created an instructional screen where
she and her students could watch the video clips and create
descriptive labels for each event. An example of a com-
pleted screen is shown in Figure 1. (Note: clicking on one
of the buttons plays that clip fullscreen. The number of
asterisks after the description indicates the side of the
videodisc on which the clip can be found.)

Leslie Kendall used the movie, The Last of the
Mohicans, as the basis for her instructional unit. She used
the instructional screen shown in Figure 2 to help students
develop better prediction skills. The plot diagram shows the
basic structure of the story. Students completed brief
writing exercises (to evaluate their previous prediction and
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Figure 1. Story Structure for The Great Gatsby.

make a new prediction) after each video clip.

Character Development
All of the participants created instructional screens

where students could see pictures and video clips of the
various characters in the movies. They also developed
semantic webs and other graphic organizers (see below) to
develop rich descriptions and comparisons of the characters.

Movie-Book Comparisons
Cindy King used the movie, Lord of the Flies, as a

model for teacher units. She identified portions of the
movie that were different from the book and then created an
instructional screen where students could compare the
movie and the book text. The instructional screen, shown in
Figure 3 lows students to view the video, a portion of the
book text, a movie review, and a book review. Students
then select the Write program through the Tools menu item
and write a summary of the moviebook differences. (Both
the writing program and the instructional screen can be
visible at the same time or students may switch back and

EDs EdH 1.30 &le lugs

a
forth between them).

Visually-Supported Vocabulary
Activities

Gretchen MillerSelvage used the movie, Bill and Ted's
E.xcellent Adventure, as the basis for her instructional unit.
Wanting her students to be aware of the slang used by
hearing teenagers, she developed an instructional screen
(see Figure 4) whereby she and her students could view
contextualized video clips where such slang was being used.
The ClipNote on the bottom left side of the screen, then,
could be used for the teacher to provide more information or
for students to type in their own interpretations of the
phrases.

Uses of Graphic Organizers
All of the participants in the project were excited by the

ability to create professionallooking graphic organizer s for
their instructional units. The example in Figure 5 was
created by Chic WelshCharrier in a comparative study he
and his students did for the novels Maniac Magee and
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Figure 2. Predicting Activity for The Last of the Mohicans.
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Slake's Limbo. Venn diagrams, as in Figure 5, and semantic
webs (see Noretsky et al., in this volume) quickly became a
favorite means for teachers and their students to show
relationship among concepts.

Uses of Hypermedia Resources
Participants in the project were given a Compel presen-

tation that contained hypermedia buttons for linking to
programs such as Microsoft's Bookshelf, the Software
Toolworks Multimedia Encyclopedia, and various other
hypermedia programs. Also included were buttons for
linking to the basic Windows accessories and other Win-
dows and/or DOS programs. The teachers have found some
exciting instructional uses for these tools. For example,
several teachers have pasted the encyclopedia button on the
background of their presentations so that the encyclopedia is
always available. At first, some of us wished we could
develop buttons that navigated to the exact item in the
encyclopedia we wanted to use. Now, we see this as an
important instructional feature in that students are repeat-
edly exposed to the process of finding items they want in

resource materials. The English teachers are also using the
Write and Paint accessories in Windows, as well as more
powerful word processing programs, for enriching their
instruction. Compel is sometimes used as a source (i.e.,
menuing system) from which various documents and
graphics are accessed in an interactive fashion.

Student Uses of Hypermedia and
interactive Video

The teachers in this project have been very creative in
involving students in the development and use of
hypermedia. Sometimes, teachers create cooperative
learning groups and have students use the computer on a
rotating basis. Other times, they have students come up and
use the computer during wholeclass instruction activities.
Several of the teachers have begun having students create
their own multimedia presentations. Not surprisingly,
students appear to enjoy being active creators and organiz-
ers of information. Students and teachers alike are looking
forward to more studentgenerated projects that will be
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Figure 5. Graphic Organizer for Comparison of Two Novels.

possible with increased availability of computers and
projection technology and with the new Video Clip Makers
available in Express Author (see King & Larkins, in this
volume).

Summary
This paper provides examples of some of the instruc-

tional strategies, goals, and instructional screens teachers
have developed for teaching English to deaf and hardof
hearing students. These teachers and their studentapresent
and discuss new and old information in a contextualized,
visual manner that is supported by a rich set of interactive
media and authoring tools.
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Since 11). !rCard was originally shipped in 1988,
thousands of stacks have been written. Most of them,
however, have either been utilities, tutorials, or single-
purpose stacks. Very few of Liiem have been templates or
shells that can be easily tailored for a variety of grade levels
and/or in a variety of content areas to reflect the needs of the
classroom teacher and his or her students.

Although HyperCard and other hypermedia products
were supposed to make it easier for classroom teachers to
write their own software, that has not been the case. Those
who have kept in touch with the public school classroom
know that teachers do not have time to write their own
software, even if programming with HyperCard were easier
than previous programming environments. HyperCard is

easy enough to learn, however, so that many people have
learned how to concuuct stacks. The primary purpose of
this paper is to describe some HyperCard instructional
template stacks. Another goal is to encourage other stack
creators to write educational stack templates and to share
them with teachers and teacher educators.

A Stack Template
A stack template or shell is one that contains all of the

programming and instructions to "run" a stack but can
easily be used with different content. By simply changing
the name of the Haunted House stack and the events and
names of the rooms, any teacher (or student) can change this
stack into one about adventures at a zoo or any other place.

One of the annoying problems with many stack tem-
plates, or any template for that matter, is to have some
method of keeping the original while using a copy. While
some programs, PageMaker for example, prevent you from
saving back to the template, that is not true in HyperCard.

Users can make a copy of a stack from inside the stack or
from the Finder, but must remember to do so each time.
Ideally, the best solution would be to prepare the stack so
that the user would not have to remember to make a copy
each time she or he started a new variation of the template.
One solution to this dilemma is to make the stack a statio-
nery file. Assuming you are using System 7 or above, the
steps are:

From the desktop, click once on the stack
template icon.

Use command-I (or File/Get Info) to display the
Info dialog box.

Click the Stationery pad button so there is an x to
the left.

Close the dialog box.

When you open the stack, you will be prompted to enter
a name for the new stack. It is important to choose a name
other than the name of the template.

Two Handlers
If you are a HyperCard stack template author, another

way you can avoid ruining your template stack is to use
handlers. Handlers allow the user to make a working copy
of the template without having to remember to work with a
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copy of the stack rather than use the master copy. Two
examples of handlers are:

on setUp
if the short name of this stack contains

"Mstr Test"
then
createStack

end if
end setUp

on createStack
ask file "What name do you want to use for
your quiz stack?"
put it into newStack
if the result is "Cancel"
then
answer "Now exiting this option."
exit createStack

else
if "Mstr Quiz" is not in newStack
then
save this stack as newStack
go to stack newStack

else
answer "Try a name other than Mstr

Quiz."
createStack

end if
end if

end createStack

The Haunted House is located on one of the activities
disks in Turner, S., & Land, M. L. (1994). HyperCard: A
tool for learning, Belmont, CA: Wadsworth Publishing Co.

Michael Land is Professor and West Foundation University
Professor, Division of Education, Midwestern State
University, Wichita Falls, TX 76308 e-mail:
mland@ nexus. mwsu. edu.
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An electronic classroom is a special room outfitted with
computer workstations for each student and for the teacher.
The computers serve multiple functions. They may be used
for taking notes, for taking exams, for participating in class
discussion, for presenting lecture and textbook material, as
scratch pads, and sometimes as computers. All of the
computers in the classroom are networked and tied into a
shared file server. The file server allows information to be
exchanged between the students and the teacher. In
addition, the electronic classroom will have high resolution
video projectors that serve as electronic blackboards to
display either what is on any of the computer monitors or
multimedia presentations. Such a classroom offers tremen-
dous potential for interactive, multimedia instruction; but it
also requires an unprecedented need for training and support
of teachers to develop materials and to use this complex
technology in class.

This paper describes a specific electronic classroom and
the software being developed to assist teachers in managing
all aspects of the educational process. The goal of the
project is to house educational materials in an electronic
form while at the same time minimizing the amount of
technological knowledge needed on the part of the teacher.
Thus, the environment should allow teachers to teach rather
than requiring them to be masters of a new technology.

The Electronic Teaching Theater
Figure 1 shows the schematic of a prototype electronic

classroom at the University of Maty land called the "AT&T
Teaching Theater." The room is fully outfitted as an
experimental testbed for new educational technologies. It
contains 20 workstations for the students with monitors that
are recessed into the desks to allow a good line of sight. All
of the computers are located in an adjacent room to reduce
noise. The classroom has two 4 x 6 foot high resolution rear
projection screens in the front. Video switching provides a
seamless transition of input from the instructor's monitor, a
VCR, a video disc player, a slide projector, and a video
overhead projector. All switching and control of audio/
visual equipment is through a touch screen at the
instructor's desk. All of the signals to and from the student
workstations are routed through a switch that allows the
instructor to display what is on any student monitor on the
instructor's monitor and in turn on the large displays.
Furthermore, any selected screen (student or instructor) can
be displayed on the student monitors. The instructor can
also intercept the keyboard and mouse to take control of a
student workstation.

The electronic classroom is not meant to be a glorified
computer lab in which one learns about computers. The
technology of the electronic classroom provides a unique
potential for interactive and collaborative learning of any
subject. The question is whether one has to become a
computer expert in order to use it. Even though the room
was designed with simplicity and ease of use in mind, it is
nevertheless intimidating to the potential teacher.

The goal of the current project has been to create an
electronic teaching environment that is easy to use and
requires little or no training beyond basic teacher education.
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The environment must support the traditional activities of
instruczion and learning and also provide new capabilities
for communication, feedback, media richness, exploration,
and collaborative work. The approach taken in this project
has been to develop a graphical user interface that supports:
(a) course development; (b) lecture presentation; (c) class
discussion and interaction; (d) evaluation and record
keeping; and most essential (e) an environment for explora-
tion, discovery, and group collaboration.

HyperCourseware
The two major problems that have hampered the

introduction of computer technology in the classroom have
been the lack of integration and connectivity between the
myriad of programs available and the absence of unifying
metaphors to help structure the implementation. The lack of
a consistent, unified system has required teachers to learn
esoteric commands, conflicting modes of operation, and
unreasonable steps link one program to another. Without an
easy to use, integrated environment, the obstacles to using
technology in education are insurmountable for most
teachers and require extensive training for others.

To assist teachers in transitioning to educational
technology, Norman (1990) proposed that the traditional
objects of classroom instruction should be matched in the
electronic classroom. Objects such as the course syllabus,

,

the lecture notes, the class roll, etc. should be instantiated in
graphic form in the electronic classroom. Furthermore, the
concept of hypermedia should be used to link the objects
together and allow both teachers and students to navigate
from the syllabus to lecture notes to the textbook and so on.
This approach has been implemented in the form of
"HyperCourseware" in the electronic classroom.
HyperCourseware is a system of interlocking programs and
files that serves as an electronic infrastructure for classroom
and distance learning. It serves to create on a computer
network what had previously been in notebooks, on the
blackboard, and in textbooks. HyperCourseware is
currently in prototype form and is implemented using
Spinnaker PlusTm, a stackware application that runs in either
the Macintoshmi, Windowsni, or OS/2Tm operating
systems.

A major function of HyperCourseware is to off-load
much of class management as possible from teacher onto
the system. As implemented in the in AT&T Teaching
Theater, both the teacher and the students sign onto a
workstation with their account name and password. The
system records the attendance of the students and then
presents the "home" screen shown in Figure 2. At this
point, the student can add a partner to the left or right. The
home screen displays daily announcements and serves as
the central access to the HyperCourseware icons shown

High Resolution
Rea r Proj ection

Video Screen
White Board

High Resolution
Rear Projection

Video Screen

Instructor's workstation, video switcher, .control, visualizer

Computer
units
and
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Figure 1. A schematic of the AT&T Teaching Theater
showing two students at 20 workstations.
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Lecture 1

around the perimeter of the screen. Icons on the left
represent course materials; icons on the right represent the
products or output of the course; and icons at the bottom
represent classroom tools.

Selecting any one of the icons opens up the correspond-
ing Hyper Courseware module. For example, Syllabus Icon
opens up a listing of topics and dates. The teacher can
change syllabus at any time and it is automatically dissemi-
nated to the students. From the syllabus screen students
have access to all of the lecture notes for any particular day,
the readings assigned that day, and the written assignments.
The lecture notes screen displays an index of topics to be
covered. Selecting one of the topics or paging forward
accesses the graphic displays for the lecture. For example,
Figure 3, shows material covered in statistics on frequency
histograms. Many of these screens are interactive or use
animation to illustrate a concept. For example. in a statistics
course there are displays that show coins flipping to
generate an observed binomial distribution. In a course on
cognitive psychology, screens are used to illustrate the three
box model of short term memory. The lecture modules may
be previously published course material or they may be
created by the teacher using an easy to use authoring system
which generates new screens from a set of templates.

HyperCourseware provides an easy to use navigational
system to view material. In a typical class, as the teacher
guides discussion or presnts a lecture, students follow
along from screen to screen in sync with the instructor.
However, if students fall behind or get lost, they can select
the Lecture Icon from the home screen or a pointing tool on
the navigational ribbon at the top of most screens. This tool
finds the screen that the teacher is viewing and jumps
directly to it.

The Readings and Assignments Icons back on the home
screen go directly to on-line readings and assignments or to
instructions about them. The assignments module helps the
teacher keep track of assignments and their due date. In
addition, it keeps the students constantly posted regarding
assignments and relieves the teacher of mundane adminis-
trative tasks. The assignments modules provides a
workspace for entering written material and submitting it to
the teacher. The submission is copied to a file for the
teacher to grade; it is then sent back to the student; and the
grade is recorded on the grade list.

Next, the Class Roll Icon shows a list of all of the
students and provides access to information about each
student and a picture of each student. Students may enter
their own autobiographical sketch. Pictures can be taken

L.
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SyUabus
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in the
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Figure 2. The *Home screen in HyperCourseware which acts as a navigational hub
to access other modules.
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and entered using a digitizing camera. The class roll
provides a facility for the students and the teacher to get to
know more about each other.

Classroom interaction tools are at the bottom of the
home screen. The Directions Icon provides context
dependent help for both teachers and students on how to use
the home screen. The Seating Icon shows a class seating
chart with the names of all students at their locations from
the teacher's perspective. Another seating chart from the
student's perspective is available on their screens.
Hyper Courseware records the location of each student
when they sign on and takes attendance. The Message Icon
accesses a simple electronic mail system between the
students and dip teacher. The teacher can send messages to
any or all of the students and the students can send messages
to the teacher.

The Discussion Icon provides a number of facilities for
an on-line form of discussion. For example, the teacher can
post a topic or question and the students write their com-
ments. All of the collective comments appear for all
students to see. Another form of discussion is a continuous
listing of all comments as they are submitted. The Feed-
back Icon allows the student to enter questions to the
teacher or to provide anonymous feedback about the coarse.

The Exchange Icon accesses an easy to use tool to swap
files between students, to handout files to students, and in
general to follow any model of file exchange among the
students and the teacher. The World Icon provides access to
other programs outside of Spinnaker PlusTm (e.g., word
processors, graphics packages, statistics, programs) that
reside on the computer system. Finally, the Quit Icon logs
the student out of the system and records information about
the session.

Along the right-hand side of the home screen are icons
for the student generated products of instruction. The
Scheduler Icon provides a tool for planning and recording
one's study of material and completion of assignments. The
Notes Icon allows students to record and view their own
notes or notes taken as a group by the class. The Exams
Icon is used to start exams and quizzes when they were
scheduled or to view exams or quizzes after they have been
graded. The Projects Icon provides a collaborative work
space for group projects. For example, if two students are
working on a project together, the projects tool allows both
students to access the same file. Finally, the Grades Icon
allows the students to see their current grades on exams and
assignments.
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Figure 3. An example of a lecture screen used In a statistics course. The navigational ribbon at the
top provides access to the previous screen, the Index, the teacher's current screen, student notes,

the syllabus, the home screen, and the next screen.
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Positive Benefits
Hyper Courseware provides three features that are

essential to both its ease of use and educational benefit: (a)
hypermedia links between course materials, (b) integration
of parts, and (c) classroom interactivity.

Hypermedia links can provide easy to use and easy to
follow paths through the material that reduce the need for
teacher education. Simple navigational methods of select-
ing icons to access modules, arrows to page through the
materials, and indexes to access specific screens require
little or no learning if well designed (Norman, 1991).
Moreover. Hyper Courseware provides a meaningful
structure for navigation between modules. The syllabus
provides the overall structure to the course materials; and
within a lecture module the index provides an order to the
screens. Rather than dealing with pieces of

thsoftware, e course structure allows skilents to descend
into the lecture material from the syllabu.§4114 from the
lecture topics into the lecture details. Readings, assign-
ments, and exams are ordered and linked in a similar way.

HyperCourseware integrates all aspects of classroom
education together in one seamless, integrated package.
Rather than jumping from one application to another or one
window to another, cutting and pasting information,
HyperCourseware links lecture materials, readings, students
notes, class rolls, exams, grades, etc. so that both students
and teachers can navigate through all of the materials from
one part to another and so that information generated in one
part (e.g., grade on an exam) can be used in another (e.g.,
computation of fmal grade).

Finally, HyperCourseware exploits the interactive
nature of hypermedia and the collaborative support of
networks without burdening the teacher with having to
manage networks, files, and directories. Simulations and
animation can used to illustrate models and processes such
as binomial sampling distributions in statistics and feedback
models in cognitive psychology. In class discussions, ideas,
or comments generated simultaneously by individual
students can be collected, aggregated. and disseminated to
the class. Students working on projects as a team access
common modules and contribute different parts to the final
product.

Implications for Teacher Education
An electronic classroom fully outfittekl with computers,

software, multimedia drivers, and network access is an
extremely complex environment for education. However,
with the right design it can not only be an extremely
powerful medium for education, it can also be very easy to
use. The challenge is to design a powerful, interactive
educational environment in which it is actually easier to
teach than it is in the traditional classroom. HyperCourse-
ware is a working prototype with this goal in mind.

Both informal and formal evaluations have been
conducted in the AT&T Teaching Theater and on
HyperCourseware which have supported their ease of use,
student and teacher satisfaction with the system. and the
educational benefits of the electronic environment (Norman,

1992). Student evaluations of HyperCourseware have been
quite positive relative to the traditional classroom despite a
number of early software and hardware problems (Norman
& Lindwarm, 1993).

The implication of integrated educational environments
such as HyperCourseware is that they do not require
educators to learn cryptic computer operating systems and a
myriad of application programs. Rather the teacher is able
to concentrate on teaching the material and on guiding
classroom interaction. Finally, HyperCourseware attempts
to leverage off of what teachers are already familiar with;
namely, lesson plans, class rolls, seating charts, etc. and add
new power and functionality to increase media richness and
interactivity. It is consequently recommended that teachers
continue their study of course materials and methods of
instruction but should not necessarily invest heavily in
computer training. Instead educational institutions should
invest in easy to use, integrated educational environments
that support and enrich the teaching process.
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The Development and
Evaluation of a Multimedia
Model for Teaching Social

History

Anthorty G. Picciano
Hunter College

Studems need to learn to criticize and erode the
cultural constructions of difference that stratify
people into unequal groups. To do this they need a
rich understanding of what it means to be the
other, a sense not only of the pleasures of knowing
another's life but also of the pain of discrimina-
tion. (David B. Tyack, 1993, p. 29)

Social history examines past events from the perspec-
tives of common people rather than that of world leaders,
presidents, or kings. The situations that effect people in
their everyday lives such as finding a job, moving to a new
home, or finding a spouse are as important as devastating
wars, technological advancements, or great discoveries. A
focus of social history is to help those in the present to
understand better the lives of "ordinary" people of the past
and their individual everyday snuggles. In assisting in the
preparation of teachers social history can provide a common
understanding to which students of all ages can relate.

The purpose of this paper is to demonstrate a multime-
dia model for teaching social history. The model was first
developed in 1991 for use in a social foundations course in
an undergraduate teacher education program at Hunter
College. Social foundations provides a little of the history,
philosophy, and sociology of education. An appreciation
and understanding of social groups and their struggles and
conflicts are common elements of such a course. Future
teachers need to be prepared to understand the nature of
social groups if they are to be successful in touching the
lives of the next generations of children, most of whom will
represent a mosaic of backgrounds and cultures. While
presently this may be perceived as more important in
America's larger cities that have experienced wave upon
wave of immigration, demographers predict that in the not
too distant future, all parts of our country will be far more
diverse than they are today.

Background
In 1990, the author and his colleagues at Hunter College

received a grant from IBM and the City University of New
York Office of Academic Computing to repurpose a highly
acclaimed videotape entitled, Five Points, that was pro-
duced by the American Social History Project as part of its
series "Who Built America?" Five Points examines the
lives of recent Irish Catholic immigrants in New York City
in the 1850s and culminates in a riot that occurred in 1857
in which twelve people were killed and hundreds injured.
The material easily relates to current social issues that exist
in many American cities that have attracted large immigrant
populations. The multimedia version used most of the
original videotape material and added additional graphics,
text, and statistical data on the period. The model for
developing the multimedia version was based on discovery
learning techniques and strategies. In addition to courses in
teacher education, the program has been used successfully
in other subject areas such as sociology, basic writing,
communications and human services.

A second program entitled, Heaven Will Protect the
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Working Girl, has just been completed. Heaven.., looks at
the lives of immigrant Jewish and Italian teenage girls
working in New York City's garment industry in the early
1900s. Their story culminates in a decision to strike againss
the intolerable working conditions that existed at the time in
what came to be kriown as the "Uprising of the 30,000"
during which more than seven hundred women were
arrested. Their conflict while ostensibly one of manage-
ment and labor also involved serious cultural and family
differences that pitted parents against children and chal-
lenged societal expectations regarding the behavior of
women. The design, development, and evaluation of the
model used for both of these programs may prove helpful to
others contemplating developing similar materials.

The Model
The model utilizes discovery learning, curiosity to build

interest, and inductive reasoning concepts to take a single,
obscure historical event and expand it into an exploration of
broader social issues. It makes extensive use of the
interactive capabilities of a modem authoring language and
requires students to be involved in the learning activity. The
three major learning objectives of the model are:
1. to motivate students to be sensitive to social issues such

as poverty, group conflict, and cultural differences;
2. to inform students of the historical nature of these issues;
3. to involve students in an activity wherein they can

explore and develop their own ideas and opinions of
these issues.

The programming model is organized into five main
components:
1. An introduction designed to begin the process of

building curiosity and involvement;
2. Video clips designed to take advantage of vidno,

graphics, sound, and music to further student interest;
3. An electronic archive room designed to proviie students

with text, statistical data and other material meant to be
read;

4. An open-ended writing assignment;
5. A conclusion that relates the event to the present.

While some elements of the model such as curiosity
building, active learning, and the value of writing as a
reflective learning tool are taken from standard texts on
instructional design such as Dick and Carey (1985), Gagne
(1985), Hannafin and Peck (1988), and Kemp and Smellie
(1989), other elements particularly as integrated and applied
to the multimedia presentation and the social history content
are unique.

The introduction begins the process of building curiosity
by presenting several brief "tease clips" about the event.
These clips perform a "coming attractions" function that
give the students little tidbits of images and dialogue that
hopefully will motivate them to want to know more. The
introduction also presents the students with an open-ended
writing assignment in which opinions or positions taken
must be substantiated based on the material that exists
within the program.
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The second component (video clips) is designed to
utilize the powers of sight and sound to continue the process
of building student interest in the event. The clips are not
simply narrative descriptions but are designed to present
differing points of view about the event thereby confronting
the student with choices for further investigation.

While sights, sound, and motion might initially stimu-
late student interest, once the novelty wears off so might the
interest (Hannafm and Peck, 1988; Lockard, 1992). The
electronic archive room provides an array of text, notes,
maps, statistical carts, and source documents that can be
used to substantiate the commentary in the video clips.
Most of this material is also meant to be read and examined
more slowly.

The open-ended writing assignment is used as an active
learning tool that stands at the center of the program and
requires the students to gather facts, compare conflicting
accounts, and e:aw conclusions about complex social
phenomena. W iting is not used simply to assess students
but to force then. to reflect consciously on the information
provided in the pi 1gram as well as on their own opinions.

After ccmpleth g the writing assignment, the program
concludes by posint several provocative questions that
relate the historical e% nit to modem times. These are
excellent for initiating (..:ass or large group discussions and
enable the students to understand the general nature of the
social issues they have just explored. For a more extensive
treatment of the details of the model and its relationship to
instructional design concepts, readers may wish to refer to
Picciano (1993).

Evaluation
In Spring 1993, four faculty members and seventy-two

students at LaGuardia Community College participated in
an evaluation of the first program (The Five Points...) to
incorporate the model. The evaluation was funded by the
City University of New York Office of Academic Comput-
ing. The evaluation utilized observations, interviews,
videotaping, and other qualitative research techniques to
study closely how faculty and students used the program.
The purpose of this evaluation was to aid the developers of
the program to gain insights as to aspects of the model that
worked or did not work as planned and why.

As part of this evaluation, the faculty participants were
given an orientation and training session on using the
interactive video program. It is important to mention that
the four faculty participants never had made any extensive
use of computer technology in their classes prior to this
evaluation with the exception of one instructor who
regularly used word processing in teaching basic writing.
After the orientation, the faculty were then asked to develop
lesson plans that included statements of their teaching/
learning objectives and descriptions of how the program
would be used to achieve them. During actual utilization of
the program in their classes, an independent evaluator
observed teacher and student interactions. At the end of the
semester, the faculty were interviewed and given a question-
naire assessing the program and its effectiveness in helping
them achieve their objectives. Their respot.es were
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compared to those of the outside evaluator. Students were
also interviewed within one week of using the program.
The nature and volume of the qualitative data collected
makes it impossible to report on all aspects of the evaluation
here. A representative sample of the findings and comments
follows.

All of the faculty participants indicated that the program
was effectiv e in helping them achieve their objectives.
Comments included:

It is fulfilling for me to see students engaged, challeng-
ing one and another, excited about learning.

Students helped each other take notes...the group activity
was much more active than previous group work

I feel more positively disposed to technology primarily
because the students reacted with enthusiasm.

The interactive technology helps shift the onus of the
learning process from the teacher to the student...it helps
make teaching/learning become more student centered

The faculty comments above were validated by com-
ments made by the outside evaluator and by the students. In
general, the program provided an active teaching/learning
environment that put the student at the center of the activity.

During interviews, faculty participants were asked to
identify any problems they had in using the program and
their suggestions for improving it. Below are some of their
comments:

The accents of the characters at times were difficult for
ESL students.

I had difficulty using the mouse and facing the class.

We could have used more equipment.

They [students) found it easier to use laser disc
technology...easier than I did

I had to spend a good deal of time in organizing and
planning learning activities to be used in conjunction
with the program.

Student reactions to the program were mixed. A sample
of their comments included:

It required both me and the professor to become
involved with the activity.

I do not like to take notes...I would have been
better able to grasp the material by watching and
listening.

While entertaining...it was difficult concentrating on too
many ideas and facts.

. . . easier and faster than going to the library.

. . . too complex and too fast.

I do not like computers...and I did not like the
accents of the characters.

I liked the fact that the characters spoke...and I
enjoyed their accents.

I closely identzfied with the Mary Mulvahill [Irish
immigrant mother) character.

I continued to think about the Five Points after
class in relation to poor people today.

The findings from this evaluation provided valuable
insight into how the program functioned in other teaching
and learning environments. They indicate that the program
worked in several different courses taught by different
faculty who attempted to meet a variety of student needs. In
general, faculty, student, and the independent evaluator's
reactions were positive and indicated that the model was
effective and would be appropriate for other multimedia
programs dealing with similar content. Students from
diverse backgrounds related well to the social history
content and the plight of the characters depicted in the
program. However, many of their comments required
careful consideration on the part of the developers for future
projects incorporating the model. A brief discussion of
several of these considerations might prove helpful to others
interested in the instructional design of multimedia soft-
ware.

The use of accents in the video portions of the program
for instance attracted many reactions on the part of faculty
and students. While some liked the accents, others had
difficulty with them particularly students with limited
English proficiency. Accuracy in depicting the historical
event requires that recent immigrants be depicted as
speaking with accents. On the other hand, if accents prove
problematic for some students, should they be eliminated?
The decision of the developers was that accents should not
be eliminated but "softened" for future programs. In
addition, any ethnic terms or slang expressions would be
defined in the archive room's dictionary. Another approach
still under consideration is providing text of the words on
the video display as they are being spoken in the program.

The speed of the program also attracted mixed com-
ments. Students generally needed from three to six hours to
complete the assignment depending on their writing
abilities, familiarity with computer equipment, and research
skills. While some considered the program ioo fast, others
considered it slow. This was discussed ehtensively during
the design and development of the program. Several
features designed to speed up or slow down the program
were tested, and the decision was made not to emphasize
speed in using the program. The consensus of the develop-
ers was that faster learning is not necessarily better learning
particularly when dealing with subject matter designed to
stimulate points of view. The design of future programs
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will emphasize a deliberate, and if need be. slower naviga-
tion through the program. The rationale for this decision
was that the frustration levels would be higher for those
students who find the program too fast as opposed to those
who find it too slow.

The complexity in using interactive technology particu-
larly in terms of navigating through the multimedia program
also became an important evaluation issue. The program
was designed to be easy to use. A major criterion for
selecting the four faculty participants was that they not be
particularly computer proficient. The proficiencies of the
student participants were not controlled. The outside
evaluator observed that students with some computer
proficiency were better able to navigate through the
program than those with little or no proficiency. Two of the
faculty participants commented that their students found the
program easier to use than they did. The developers of the
program will continue to emphasize ease of use in designing
future programs in that navigating through a multimedia
program while becoming more commonplace, is still a
relatively new experience for many faculty and students.

Application
Videotape material from the original Who Built

America? series has been used in more than five hundred
colleges and high schools across the country. The multime-
dia programs based on the above model would also be
appropriate in these settings. As mentioned above, the
programs have already been used in a variety of subject
areas including teacher education, sociology; basic writing,
communications, and human services.

In terms of advancing the use of technology in Hunter
College's teacher education programs, the development and
evaluation of the social history model and the subsequent
programs have become valuable resources. !.s. the educa-
tional technology courses, the development of the model has
provided a wealth of information on desig::thg instructional
multimedia software applications. The evaluation likewise
has provided a good deal of data regarding teacher and
learner interaction with technology much of which can now
be demonstrated using videotapes from the LaGuardia
Community College study. Technical design issues such as
those presented above on the speed or navigational com-
plexity of multimedia programs are easily demonstrated and
documented. Content issues such as the use of accents
likewise provide important insights to the complexity of
designing and using software for diverse student popula-
tions. Students in educational technology have also begun
to use the model as a "shell" in workshops for developing
their own mini versions of the programs.

Perhaps the most significant contribution to the advance-
ment of technology in the teacher education program has
been the potential of integrating these programs into other
education courses that do not necessarily focus on technol-
ogy. The first program. The Five Points.., has already been
used in the social studies methods and the social foundations
of education courses. Discussions are presently underway
for using the program in a section of the methods of
teaching language arts course. Because the content has
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appeal to a variety students, many of whom are recent
immigrants themselves, the programs integrate easily into
other courses with a modest amount of staff training and
development.

Conclusion
The development of multimedia software for teaching

social history has provided both faculty and students in
Hunter College's teacher education programs with a model
for combining provocative historical content with modern
and stimulating educational technology. In some ways, it is
a 1990s variation of the traditional concept that effective
teaching requires significant content as well as good
pedagogical technique.
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Interactive Multimedia:
Cognition and Motivation
in the Context of Teacher

Enhancement

Reuben A. Rubio
University of Michigan

Several cognitive and motivational theories may be
found in the research literature as frameworks which
describe the r.ocess of learning from interactive mukime-
dia. In this paper, the primary question addressed concerns
how these mechanisms work to promote teacher learning
from interactive multimedia. Special emphasis will be
given to the use of computer-based video because it is in the
integration of the two that allows the term "multimedia" to
suggest an instructional environment that can be used to
facilitate learning (Kozma, 1991). The nature of the
research literature also proffers an antecedal question of
how to apply child learning research to adults, and this will
be discussed here as well.

Integration of Literature on Student and
Adult Learning

Much study in the area of interactive multimedia has
been given to the cognitive and motivational impact of
interactive video on children rather than adults. The
psychological mechanisms of learning can be the same for
both types of learners because the mechanisms themselves
appear to be universal. Some time-dependent differences
may still exist because of the broader social history and
context of adults, but these differences are generally
ascribed to socialization rather than to psychology (Richey,
1992). For example, one may need to distinguish between a
ten year old child and a thirty-two year old teacher when
attempting to account for a learner's preconception of how
he or she learns and is motivated to learn from video
(Cennamo, Savenye, & Smith, 1991).

Psychological mechanisms germane to child learning
may be applied to adult learning as long as the possibilities
of difference are seriously analyzed. Wittrock (1991)
mentions the practice that children have of resolving
cognitive dissonance between their views and scientists'
conceptions by discrediting data that does not support their
own theories. He describes one strategy for the teacher of
these children as the introduction of dissonance based upon
data which is grounded in their experience, data that is less
likely to be dismissed. This entire scenario could be
reconstructed for adult learners if the children are trans-
formed into classroom teachers, the subject is transformed
from science to pedagogy, the classroom is transformed into
a multimedia software environment, and the scientists are
transformed into educational researchers. The "grounded"
data in this new scenario could be classroom video and
establishing context, in the form of text, audio, other video,
etc., which either comes from the learner's own classroom
or another which he or she can identify with.

An analysis of the possibility of difference between
these scenarios may proceed as follows: the robustness of
the theories of either the child or the adult learners can vary
according to the depth of experience or expertise they
believe they possess in the domain of interest. Adult
learners may have especially robust theories because they
have operated by them as professionals for many years. It
may be particularly incumbant pon the designers of an
interactive multimedia environment for teachtr enhance-
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ment to show a multiplicity of contexts, such as video of
several diverse classrooms. The teacher learners could thus
see the merit of the dissonant theory established in several
contexts, with data that is not easily dismissed.

Cognitive Mechanisms
At least three cognitive models are recognized as

governing frameworks for learning from interactive
multimedia. They are cognitive flexibility, situated
cognition, and the Dreyfus Skill Acquisition Model
(Bransford, Goldman, & Vye, 1991; Hansen, 1989; Spiro,
Feltovich, Jacobson, & Coulson, 1991). Cognitive flexibil-
ity theory, according to Spiro, et aL, is "doubly construc-
tive" in that the learner constructs (or perhaps reconstructs)
what he or she perceives as relevant prior knowledge for the
situation at hand, and then uses that prior knowledge to help
construct new understandings beyond what is obvious.
Cognitive flexibility is especially geared towards ill-
structured domains, where there is a great deal of complex-
ity within both the domain and individual cues of that
domain, yet there is appreciable inconsistency from case to
case. The notion of a reconstruction of prior knowledge is
useful if one believes that the prior knowledge itself is
contextualized within experiences which resemble the
situation at hand only in peculiar and important ways and
therefore requires some alignment of details in order to be
applied (Schank & Osgood, 1993).

In application to instructional multimedia design, one
would attempt to revisit the same material, but at different
times for different reasons. For example, if a teacher learner
is accessing a multimedia database related to a novel theory
of pedagogical practice, the interface could present diverse
perspectives on what is contained in the database. These
might include perspectives from one or more classroom
teachers, educational researchers, administrators or support
staff, parents, and students. The perspectives could be
integral, addressing the theory as a whole, or differential,
addressing individual aspects of the theory. The tone of
these perspectives might range from the abstruse, with
definitions and rationales, to the visceral, with dilemmas
about conflicts with teacher beliefs, to the pragmatic, with
challenges regarding implementation. The media of
delivery may be classroom video, talking head video,
hypertext, audio, animation, still photograph, etc. Varia-
tions of perspective, such as different video camera angles
or different audio sources, can also be utilized.

An important precursor to the understanding of situated
cognition (Bransford, et al, 1991) is the existence of inert
knowledge. Inert knowledge is that which the student
believes has been learned but which remains unused in
situations which should call for its use. Inert knowledge can
be constructed when there is a lack of focus and/or context
surrounding its acquisition. Situated cognition would help
in the construction of active knowledge by thc creation of "a
shared environment that makes contact with students'
intuitive knowledge, perhiits sustained exploration by
students and teachers, and enables them to understand the
kinds of problems and opportunities that experts in various
areas encounter and the knowledge that these experts use as
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tools." (Bransford, et al., 1991, p. 170).
Cognitive flexibility and situated cognition are "cous-

ins" in the sense that both center learning within problems
to be solved, build upon the learners' prior knowledge,
support opportunities for generative learning, require their
contexts to retain real-life complexity, and make use of
multiple perspectives of the situation at hand. Both are at
odds with rule-based learning and analogical learning when
the rules and analogies are not developed by the learner.
They differ in that situated cognition is inherently collabora-
tive and needful of an explicit learning goal, while cognitive
flexibility can be individual or collaborative and can work
towards an implicit goal. Situated cognition thus resembles
a connectionist model of knowledge representation
(Bereiter, 1991), while flexible cognition maintains a link
with schema theory even as it elaborates on it.

The application of situated cognition to interactive
multimedia can be similar to that of cognitive flexibility, but
would still be distinct. Contact must be made with the
intuitive knowledge of a specific group rather than with a
collection of individuals. For example, suppose that the
problem-solving context within a multimedia environment
is river navigation by boat. If that context is not culturally
relevant to the group of teachers attempting to learn from
this system, then such contact may not occur, and situated
cognition becomes more difficult. In the case of cognitive
flexibility, connection need only be made with individuals
who do not have to be in one physical space or cyberspace
at one time.

Since situated cognition requires a specific learning
goal, it is important that the multimedia environment either
clearly supports an acute goal presented elsewhere or
presents the same itself. By contrast, cognitive flexibility
does not attempt to isolate a goal because it is not designed
to filter out the acquisition of inert knowledge. Instead, it is
up to the learner to construct what he or she will, according
to his or her own goals or lack thereof.

The Dreyfus Skill Acquisition Model (Dreyfus
Dreyfus, 1986) consists of a progression by the learno.
through distinct linear stages, called Novice, AdvanceC
Beginner, Competence, Proficiency, and Expertise. The
beginning state is one who is only able to learn context-free
rules for acting upon relevant facts and features within a
situation. The end state is one who intuitively knows what
to do within a situation based upon mature and practiced
understanding. There is no imposition of conditions such as
collaborative environments or ill-structured domains.
Instead, this is a top-down method, which stands in contrast
to the bottom-up methods described previously. Hansen
(1989) notes that no rationale exists on how to proceed from
one stage to another in the linear Dreyfus model. It is
possible that the difficulty of moving across a stage differs
from stage to stage as well, so that certain stages in this
model can become learning bottlenecks.

The importance of hewing structure in a computer-based
learning environment was suggested by Ford & Ford
(1992), who noted that some learners who were free to
choose their own learning path t.hrough an idyllic expert
system were unable to reach their learning objectives. A
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stand-alone model like the Dreyfus' would provide a
concise set of design principles for guiding a learner from
the beginning state to the end. This type of structure would
not have to be part and parcel of the software in order to be
utilized. Lampert, Heaton, & Ball (1992) and Krajcik,
Blumenfeld, Marx, & Soloway (in press) are developing
multimedia databases for teachers, where the structure is
introduced in a class or worksession. A top-down approach
such as the Dreyfus model, in concert with a bottom-up
method such as cognitive flexibility or situated cognition,
would provide the interface designer with a structure and a
type of path through that structure. Schank, Ferguson,
Birnbaum, Barger, & Greising (1991) describe the difficulty
of attempting to build a link between a top-down and
bottom-up approach, but appear to have discovered no
generalizable design secret other than that everyone
associated with the design should be intimately familiar
with all of the multimedia data.

Motivational Mechanisms
Much has been said about the inherently motivating

aspect of video (Cognition and Technology Group at
Vanderbilt, 1992; Cronin & Cronin, 1992; Hansen, 1989;
Salomon, 1984; Spiro, et al., 1991;), but relatively little on
why. A motivating feature of video that is often cited is
realism, the rationale being that the video can allow the
learner to view a realistic portrayal of the classroom (Barker
& Manji, 1989). However, a given multimedia environment
contains the fingerprint of its designers. It tells a story of
some type, and all of the supporting media help to tell that
story rather than to portray nome sort of stark reality. Even
a neutral piece of software such as a multimedia encyclope-
dia reflects people's perceptions of what merits inclusion
and what each entry is to say. Any single video clip alone
should not be expected to portray reality.

The principal motivational mechanisms identified have
centered around self-efficacy and perceived task difficulty
(Clark & Sugrue, 1987; Cronin & Cronin, 1992; Salomon,
1984). With regard to learning, perceived self-efficacy can
refer to students' beliefs about their ability to utilize the
knowledge and skills they possess to learn new skills
(Schunk, 1989). Self-efficacy can work against learning
from multimedia if the learners consider themselves to be of
below-average ability when working with computers.
Unfortunately, this can be a common mode for teachers
(Marx, et al., 1994; Ladewski, Krajcik, & Harvey, 1994).

Clark & Sugrue (1987) have concluded that task
motivation is derived from the answers to three implicit
questions the learner poses regarding affect, perceived task
difficulty, and self-efficacy. If the task concerns learning
via multimedia, the first answer may involve factors such as
a reaction to the aesthetics of the interface, a resemblance to
a previously encountered interface, etc. The latter answers
would then influence the degree of effort made, bearing in
mind the relationship between the two of an inverted "U"
where maximal effort is made for intermediate degrees of
perceived task difficulty and self-efficacy.

The level of intrinsic motivation at work within this
learner is believed to be affected primarily by their percep-

tion of how hard they must work at learning. One measur-
able construct used by Salomon (1984), called AIME
(amount of invested mental effort) may be directly propor-
tional to intrinsic motivation. AIME was defined as the
number of nonautomatic mental elaborations applied to a
learning task. In looking at how successfully children were
able to learn from print as opposed to learning from
instructional television, Salomon believed that the key
difference was inference-making. The video-learning
students made fewer elaborations because they perceived
the medium as more realistic, and tended to simply port
what they saw into a mental representation. The print-
learning students perceived their medium as more contrived,
and made a larger number of elaborations in order to
transform the written text into a suitable mental representa-
tion. Salomon also found that external attributions were
made for successful video learning, and internal ones made
for successful print learning, and that there were more
instances of successful learning in the latter case.

Rosmiszoski (1986) notes that the precision needed for
communication via instructional media is greater than it is
for entertainment or artistic media. One who views a
television program or watches a play may only need the gist
of a story, based on emotions and impressions rather than
facts and concepts. However, in the case of a teacher
viewing instructional video within a multimedia environ-
ment, it is quite likely that the video has been selected
because it efficiently conveys or helps convey information.
It must communicate with great precision because of factors
such as current technological limitations on the storage
available on media such as CD-ROM or videodisc. This
teacher would have to somehow lay aside a preconception
that watching this instructional video can be done with the
same level of mindfulness as watching entertainment or
artistic video. He or she could be aided in doing this by the
interface or as part of a preparatory preview.

Importance of Accounting for
Preconceptions

All three models of cognition described previously point
to a need to directly account for learner preconceptions.
Emergent issues for teacher education can concern content
knowledge (CK) and pedagogical content knowledge
(PCK). For example, due to an ongoing shortage of
teachers trained in science, many science teachers have been
"drafted" into the profession who do not possess the degree
of CK/PCK normatively desired. One often finds a wide
spectrum of CK/PCK background within a given body of
science teachers. Interactive multimedia environments for
science teacher enhancement which do not account for this
spectrum - which do not scaffold the generation of CK/PCK
by these "draftees" in one way or another - may be doomcd
to fail a substantial portion of their intended audience. An
example of scaffolded PCK might be to show video clips of
several science teachers teaching different science content in
a similar manner, and then use textual and audio commen-
tary to elaborate how that manner is similar in these
different classroom contexts (Blumenfeld, Soloway, Marx,
Krajcik, Palincsar, & Guzdial, 1991).
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The effect of motivational preconceptions can enter the
picture at the same juncture. These "draftee" science
teachers can remain quite aware of their shortfall in CK or
PCK even at mature stages in their career. Their self-
efficacy may consistently be at a point where it can stymie
intrinsic motivation to learn. This issue is made even more
daunting when self-efficacy about computer usaze interacts
as well. The system design may need to provide the learner
with tactical control over the rate of learning while retaining
strategic control over what can be accessed at any given
time. The key would be to maintain the teacher learner
within a zone of proximal development, integral with CK/
PCK and interface navigation, where the proximus is either
with peers or with themselves at a different point in time.
Cne way to promote self-efficacy may be to may help
reduce perceived task difficulty, since the two are part of a
feedback loop. This may lead to some humanizing of the
design such as the use of teacher docents in the interface or
the use of the unique flavor of -teacher language" in
semantics and conceptual organization. Such strategies
would give the teacher an assurance that a path to under-
standing had been trodden upon by other teachers.

Conclusion
One point that has begun to emerge is that there may

never be a fully generalizable set of design principles which
would optimize one's opportunity for learning. Design
rationales may always need to iterate with domain knowl-
edge (Chiou, 1993). For example, the design principles
utilized by CGTV (1992) are described as a gestalt.
Therefore, careful thought should be given to the ways in
which teacher enhancement is a unique domain requiring
unique design strategies. Examples of these thoughts have
been elaborated upon here, but many more will need to
come along.
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Introducing Discussion
Leading Strategies with a

Videodisc Lesson

John Sett lage, Jr,
Cleveland State University

Whoever lacks this trust [in the oppressed people's
ability to reason] will fail to initiate (or will abandon)
dialogue, reflection, and communication, and will fall into
using slogans, communiques, monologues, and instructions.
Superficial conversions to the cause of liberation carry this
danger. (Freire, 1970, P. 53)

Videodisc technology has been gradually working its
way into the elementary science methods course at Cleve-
land State University. A locally produced videodisc of a
science lesson, controlled with in-house developed software,
has been used for informing and modeling for elementary
education majors an instructional approach that is otherwise
insufficiently demonstrated. Concrete strategies that
facilitate whole class discussions form the core of the
instructional model advocated within the elementary science
methods course. This paper discusses the potential for
videodisc technology as a tool for teacher preparation.

The Local Teacher Education Program
The general methods course, taken early in the profes-

sional course sequence, is structured around a direct
teaching model in which the teacher serves as a provider of
information. Research has demonstrated that instruction
characterized by guided and independent practice effec-
tively supports students' abilities to learn content that is
clearly defined and hierarchical in nature (Good & Grouws,
1979). Unfortunately, many students leave the university
believing that the direct teaching model should be the
dominant means for dispensing knowledge to students.
Alternative instructional models, such as an inductive
approach, are not given sufficient emphasis.

Within the teacher preparation program at Cleveland
State University, students aspiring to be elementary school
teachers are given several field experiences in the local
urban and suburban schools. From one field experience to
the next, students are gradually immersed into area class-
rooms. While enrolled in the language arts and mathematics
methods courses, students focus upon teaching in these
specific subject areas. The teacher preparatory program
culminates with the traditional full-day student teaching
experience. In addition to these field based courses,
students also take subject-area specific methods courses in
art, music, physical education, social studies, and science;
none of these coincide with a field experience. Conse-
quently, during these subject area methods courses, students
are not required to put into practice the techniques and
approaches taught by the University instructors.

A Model for Supporting Science
Discussions

The instructional model advocated for use in the
elementary school classrooms during the science methods
course is the Learning Cycle. This model of science
teaching has taken several different forms (e.g., Biological
Science Curriculum Study, 1993; Education Development
Center, 1993) but the essence of the Learning Cycle remains
the same in all of these instances. In the Learning Cycle
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Model developed by Jack Renner (Renner, Abraham, &
Birnie, 1988) students begin their study of a concept with
firsthand experiences. Within the Cleveland Public School
District's elementary science reform effort (Sandler, Flynn,
& White, 1992), the first phase of the cycle is called
Exploring and Discovering. The next phase of the cycle,
Processing for Meaning, involves students in the sharing of
their observations and ideas including some instruction by
the teacher that is intended to begin solidifying students'
emerging science understandings. In the final Extending
phase of the cycle, students engage in additional hands-on
experiences in which they apply their new understandings to
novel situations.

A challenge that both seasoned and novice teachers have
as they attempt to implement the Learning Cycle is the
Processing for Meaning phase during which the students
articulate and refine their grasp of science concepts.
General guidelines for facilitating whole class discussions
are available (e.g., Dillon, 1984; Gall and Gall, 1993), but
they fail to provide substantive strategies couched in a
theoretical framework. The Instructional Conversations
Model (Goldenberg, 1991), although originally developed
for language arts instruction with children who have limited
English proficiency, seems to hold promise as an approach
that could apply to science discussions. The ten elements of
the Instructional Conversations Model (from Rueda,
Goldenberg & Gallimore, 1992) are listed below:
a. A challenging but nonthreatening atmosphere
b. Responsivity to students' contributions
c. Promoting discussion
d. Connected discourse (ideas build upon each other)
e. General participation including self-selected turns at

speaking
f. Maintaining a thematic focus
g. Activating background information
h. Direct teaching when necessary
i. Promoting the use of more complex language
j. Promoting the use of evidence to support statements

The strategies represent a constellation of teacher
actions intended to encourage student-to-student interactions
in such a way as to promote a constructed social understand-
ing about natural phenomena. One of the goals of the
elementary science methods course at Cleveland State
University is for the students to develop the skills necessary
to facilitate quality group discussions among children. A
videodisc of a science lesson was pressed into service as a
potential tool for making this goal a reality.

Videodisc as a Modeling Tool
A videodisc was produced that showed a science

education professor teaching a two-day lesson to preservice
elementary school teachers (Settlage, Benghiat, & Abate,
1993). The concepts developed during this lesson were
physical and chemical properties and the lesson was taught
with the Learning Cycle approach. Students viewed eight
selected segments from the videodisc in pairs. A Hypercard
stack was developed to serve as both a control and data
recording tool.

FAA

With just six multimedia setups, half of the students
worked in the computer lab while the other half remained in
the science methods classroom. The group in the computer
lab received only minimal information: instructions about
how to manipulate the software but essentially no directions
about the Instructional Conversations Model . Their task
was to select the Instructional Conversation element
demonstrated in each video clip, estimate the ratio of
teacher to student talk, and make any notes that might be
useful for later reference.

The group that remained.in the science methods
classroom was given direct instruction about the Instruc-
tional Conversations Model . These students viewed a
video from a completely different science lesson and, with
the support of the instructor, identified the use of the various
Instructional Conversations elements. At the end of this
session, the two groups swapped classrooms. The students
who now occupied the computer lab had a greater initial
understanding of the model and undertook the same task as
their classmates. Meanwhile, the students who had started
in the computer lab viewed segments of the original video
lesson. Students were asked to share their thoughts about
the Instructional Conversations elements and requested to
justify the element that they selected.

Discussion
When the vio,...odisc was produced, the developers were

not yet aware of the Instructional Conversations Model .
The original intent of the videodisc was to demonstrate the
phases of the Learning Cycle. Consequently, it has been
difficult to locate segments of the video that definitively
demonstrate given elements. Even though masterful
modeling of the elements do not always appear, the
discussion among the students about what elements may be
taking place have proven quite fruitful. After being
introduced to the Instructional Conversations Model ,
students begin planning a microlesson that they will teach to
their peers. These microlessons are audiotaped so that each
student can later listen to the discussion segment. As they
listen to the tape of their fifteen minute lesson, the students
rate their implementation of the Instructional Conversations
elements using the rating system developed by the inventors
of this model (Rueda, Goldenberg & Gallirnore, 1992).

Our contention, and that of others who have been
researching science discussions (e.g., Brown & Campione,
1990), is that children's learning of science occurs much
more effectively when they are given multiple opportunities
to express their thoughts about science and listen to the
ideas of others in a supportive forum. Traditional modes of
science instruction do not provide opportunities for students
to articulate their ideas, express or explain their reasoning,
or request input to clear up misunderstandings (Yackel,
Cobb, Wood, Wheatley & Merkel, 1990). The kind of
learning opportunities that are precluded by teacher
dominated lecture can be made available to children when
the control of the discussion is passed from the teacher to
the students.

The hope is to someday conduct follow-up studies of
students implementing these strategies in the classrooms
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where they student teach. Their appreciation of the
Instructional Conversations Model is a cause for hope, but
the true test of the effectiveness of the videodisc as a tool for
training preservice teachers will occur in real classrooms. A
concern is that, in the midst of all the challenges of leading
an inductive, hands-on science lesson with elementary
school children, that the effects of the training may be
diminished. Yet, based upon comments made by our
students after learning about this model, we anticipate that
the positive effect upon group discussions of the Instruc-
tional Conversations elements will reinforce their use. The
dream is for elementary school children to engage in
substantive and constructive dialogue about the science
concepts that they experience. A step toward creating this
situation is providing elementary education majors with the
teaching strategies that support educational conversations.
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Catching the Dickens: A
Multiscreen Journey into

the Myth Continuum

John A. Swartz
Sam Houston State University

5 I 4

How often the names of historically significant people
are tied, for fame or shame, to one major event or element in
their lives! Because Dr. Mudd set the broken leg of
assassin, John Wilkes Booth, we remember him forever
with the expression, "his name is mud." We honor the
classic auto designer, Duesenberg, every time we label a
product, " a doosie." But we dishonor the great author.
Dickens, every time we use the phrase, "catching the
Dickens" because we identify his person with the one thing
he abhorred, the cruel treatment of children in 19th Century
England.

The Dickens "trouble" name, however, identifies a small
area of his world. The much larger world of Dickens is
available to student teachers "outside the bubble" when
watching students "inside the bubble." Student teachers

Figure 1. Inside and Outside "the Bubble."

observing a multimedia teaching situation, can enter the
larger world of Dickens, better discern how multimedia
processes actively engage students, and develop scripts for
their own production of multimedia materials. The students
"inside the bubble" can see Dickens as a model for personal
achievement; they can see elements in his works as a map
for over viewing those works, and they can see his values as
a matrix for comparing and contrasting his personal myth
with the myth about which he writes, the societal myth
which youth encounters, and the personal myth of each
researching student.

What Happens "Inside the Bubble?"
In a multimedia cyclic movement from a HyperCard left

screen to a Videodisc central screen to overhead menus
third screens, students learn to assess and own their own
values and to contrast those with values of others. They
observe a left screen narrative of the Dickens' story, in
which as an eleven year old English 19th Century youth, he
escapes from a twelve hour job in a bottle factory through
his discovery of his own innate ability to write, and in which
he, as a mature adult, incorporates his own story in David
Coppetfield, focuses on the secret of childhood, and reflects
the values of his time. They view a left screen description
of the different phases of the Dickens experience from serial
writing to his later planned novels. And they see his
productive as well as his discouraging moments when the
words will not come. They observe the content necessary
for enlightened discussion in the story narrative and see that
content reinforced on the central screen.

They then alternatively see on the central videodisc
screen four illustrative and reinforcing vignettes from Great
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Figure 2. Two HyperCard Screens, Left and Right, plus a Center Videodisc Screen.

Expectations. These vignettes are illustrative since they
display the childhood journey of Pip and Joe, the secret of
childhood in a Christmas scene, the compassion of Pip, and
the machinations of the moneyed broken- hearted Mrs.
Havisham who plots to break Pip's heart.

What About the Teacher "Inside the
Bubble r

What will the teacher be doing during this student
viewing of the narrative? Since, as McLuhan has shown,
the sound medium pulls students from participation to
observation, the skillful teacher will bring them back to
interaction through right screen punctuated overhead menus
and accompanying worksheets. While the teacher can
involve the students at any point in the three screen narra-
tive, she is expected to stimulate the students after the
Videodisc vignette to move from the observational mode to
the participatory mode. She provides for the students right
screen menus which are reflected in the four worksheets.
These worksheets with a mix of text and graphics invite
students to enter a time parallel to that of Dickens, Pip and
Joe; to search the secret of childhood; to trace different
works in the Dickens collection to different elements in the
myth continuum; and to describe the matrix of Dickensian
values and to suggest a route of researching those.

The students journey through each cycle from left to
central to right screen from less to more intense involvement
in the world of Dickens. At the end of one cycle a new
cycle begins as the left screen Dickens narrative brings the
students back to the life of Dickens, until arriving at the
vision of the child as seen in several of the Dickens novels.
The central screen reinforces this vision through a Christ-
mas scene in Great Expectations in which both negative and
positive visions of the students can be seen. The students
are reintroduced to the participatory mode through a
worksheet and a right screen transparency menu.

After a second cycle the students are asked to find the
literature of Dickens as part of a continuum from myth to
parable. The Myth continuum from myth through apologue,
action, satire and parable is borrowed from J. Dominic
Crossan's The Dark Interval. And the definition of Myth
"invention about truth," is borrowed from Tolkien. At this
point students are asked to pick a myth of their own time
and culture such as "might makes right." They are then
asked to suggest different popular arts pieces which reflect

those different aspects of the myth continuum. They might
also explain why conflicts occur when opposing myths
meet.

After the discussion terminates the second cycle,
students are reintroduced to the left screen on which is
narrated a preoccupation with money and its use as a control
instrument. Dickens' presentation of the money myth is
reflected in the middle screen, Great Expectations vignette
of "broken hearted" Mrs. Havisham who urges her niece to
lead Pip on and to "break his heart." She controls her niece,
as well as Pip through her wealth. And Pip will buy into the
myth that money is the path to education which is the path
to the successful and happy world.

Having moved from participation to observation, the
students are again brought back to participation through a
right screen menu and worksheet on which appears the
galaxy matrix view of Dickens' world. The matrix is open
to the hierarchical placement by students who arrange
friendship, family, relationships, money and other values as
the central sun, planets and moons in Dickens' Galaxy. The
students place these values on a worksheet. After they have
discussed, and shared different points of view, they are to
explain a research design to show that their matrix of
Dicken's myth was really his. They might suggest a shared ,
viewing of his writings in which they do factor analysis by
identifying occurrences and frequency of the different
themes in his works. They might suggest searching the
autobiographical work, David Copperfield, or they might
even look at the several biographies of Dickens which are
available. However, even after identifying sources, they
need to provide a strategy for evaluating data.

What Happens "Outside the Bubble?"
And what are the students "outside the bubble" doing

while the students "inside the bubble" are entering the world
of Dickens? Student teachers are opening themselves to the
world of Dickens as are the high school students. But the
student teachers are also in a position to critique the process.
They can assess the teacher's ability to engage students
interactively with the multimedia program. They can make
several McLuhanesque observations about how "hot" media
items supplying much information discourage participation
while "cool" media items supplying little information
encourage participation. They can also conclude that the
left and right screen are generally "hot" media, while the
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worksheets and right screen transparency menus are "cool"
media.

The student teacher can suggest ways to improve the
"hot" medium story narrative as a HyperCard process. and
ways to better involve the students. They will observe that
the central screen videodisc which reinforces the left screen
story narrative puts students in a totally observational mode
and will require worksheets or menus to reintroduce
students to participation.

The student teacher can observe that the professional
quality of the worksheets employing text and graphics
merits professional response by the students. The student
teacher can also observe the increased involvement of
students through identification with Dickens and the
characters in the narrative, to involvement with two of his
themes, the heart of the child and the galaxy of personal
values. Having evaluated the plan and the process, the
student teacher can suggest ways of making these media
more effective, and perhaps provide innovations in media
usage to generate a whole group of writers "catching the
Dickens."

References
Crossan, J. Dominic.( 1988). The Dark Interval. Sonoma.

California: Polebridge Press.
Forster, John. (1966). The Life of Charles Dickens. London: J.M.

Dent and Sons.
Stone, Harry. (1987). Dickens' Working Notes for His Novels.

Chicago: University of Chicago Press.

John A. Swartz is Associate Professor of Instructional
Technology, College of Education, Sam Houston State
University, Huntsville, TX 77340 e-mail:
jswartz@tenet.edu



Assessing and Creating
Literacy Through

Hypermedia Porffolios: An
Undergraduate Project

Rhonda Taylor
Winthrop University

Hypermedia portfolios are extremely valuable for both
assessing and creating literacy in students of all ages.
Undergraduate education majors enrolled in a diagnostic
reading course at Winthrop University assess literacy in at-
risk elementary students using hypermedia technology and
then remediate the students' needs by creatir.g literacy
events in a multimedia environment. This literacy reit..ed
information is contained in a computerized portfolio the
undergraduates complete after tutoring an at-risk elementary
student for a semester. There are two components in the
portfolio: the assessment component and the creative
component. The assessment component contains testing
data and the creative component contains the instructional
activities.

The interactive hypermedia assessment component
allows for data to be entered at any point and decision-
making activities to occur simultaneously. The type of
information entered by the undergraduate students included
writing samples of the at-risk students with analytic scoring
guides, formal and informal test data, teacher observations
of student behaviors, oral language samples, video clips of
teacher-student interactions and dialogue, background
information supplied by the parents, and other pertinent
data. The creative, multimedia component is comprised of
instructional activities that are literature-based and centered
on the needs of the student as portrayed in the assessment
component.

The portfolio becomes a living, process-oriented
computerized document that can grow and change with the
needs and capabilities of the at-risk student. Literacy events
are created when the assessment data is used to develop
multimedia applications that are tailored to suit the indi-
vidual student's needs. These interactive creations provide
opportunities for writing, reading, listening, and speaking
that are student-centered and holistic in nature. Figure 1
indicates the symbiotic relationship between the assessment
and the creative components of the portfolio.

Assessing Literacy using Hypermedia:
the First Component

Literacy assessment using interactive hypermedia is a
edial reading.

Figure 1. Relationship between Portfolio
Assessment and Creative Components.
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Historically literacy has been reported as a series of product-
oriented, quantitative statements that are static, linear, and
unidimensional. As a result, qualitative changes in student
competence in areas involving literacy often went unnoticed
and unreported. The hypermedia portfolio was designed to
overcome these literacy assessment deficits and create a
technology-based document that changed with the student.

Philosophical Underpinnings
The philosophical underpinnings of the diagnostic

reading course determined how the technology would best
be used for the hypermedia portfolios. This philosophy
dictated that the portfolio would be based on a language-
oriented, holistic, student-centered approach to teaching and
remediating reading deficiencies in at-risk students. As a
result, the assessment component was developed as a
process-oriented document that would allow for a variety of
sources of assessment data that included both formal and
informal data. HyperCard 2.1, available from Claris
Corporation, was selected as the tool for creating the
hypermedia portfolio.

Portfolio Content
Each portfolio contains a home card that connects

interactively to the various sources of assessment data. The
sources for the assessment portfolio include assessment data
from an informal reading inventory, oral reading miscue
analysis, interest inventory, writing analysis. spelling
profile, teacher observations, and background information
on each student. Undergraduate students entered the data
into each HyperCard portfolio stack. They were also
responsible for scanning the writing sample into the
portfolio, recording the student's oral reading sample,
capturing the video, and compiling the printed report into a
document that was made available to parents and teachers.
Figure 2. shows the format for the home card.

Navigating Through the Portfolio
Users of the hypermedia portfolio navigate through the

stacks in any direction in a nonlinear fashion. For example,
one could begin the examination of literacy by looking at
the assessment results and then decide to examine the
student's background. Or it may be advantageous to view
the video clip first to get a mental image of the student and
then review assessment data. The person operating the
program determines the course to follow.

Creating Literacy Experiences: The
Second Component

After the assessment data have been entered into the
portfolio and analyzed, the undergraduate student develops
instructional multimedia lessons for the at-risk student based
on the conclusions from the data. The lessons are also
interactive, HyperCard-based but include laser disc and CD-
ROM access.

Using technology to create literacy experiences can be a
time-consuming process if prior planning for the instruc-
tional unit has not occurred. Once the planning stage has
been completed, however, the creation of a multimedia
event can be both exciting and motivational for the student.
Steps for using the assessment information to create literacy
events are included below.

Step 1. Using the Assessment Data
It is important to use the assessment information to

develop multimedia lessons that will target each at-risk
student's strengths and weaknesses in reading. This
information is summarized on the conclusions card in the
portfolio. The synthesized data serves as the link between
the assessment component and the creative component.

Hypotheses

Jpila

571 Fall 1993 Conolusions

Recommendations

Figure 2. The Hypermedia Portfolio Home Card.
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Step 2. Selection of Literature
A second step involved identifying several good works

of literature that can be used as the core for instruction.
Using a book that targets the identified needs of the student
is indeed an important challenge. For example, if the
assessment results indicate that a student has difficulty with
the sounds of language, the book Bringing the Rain to
Kapiti Plain by Verna Aardema may be an appropriate core
book. This book provides basic graphophonic elements that
are embedded in a meaningful, motivational context that
provide redundancy, numerous opportunities for vocabulary
rnhancement, and growth in experiential knowledge. The
reading level makes it appropriate for the student to read the
book independently or as a shared-reading experience.
Selection of an appropriate work of literature, therefore,
should be based on the possibilities the book has to offer,
the approximate reading level, the potential for instructional
strategies for reading growth, and the interest level of the
student.

Instructional focal points are most efficient when more
broad than narrow. For example, appropriate focal points
for a multimedia lesson could be one of the following:

graphophonic awareness
literal comprehension
critical comprehension
vocabulary growth
organizational/study strategies
writing skills
content area connections

Step 3: Defining Connections
When defining connections, it is important to determine

what the instructional focal points will be. For example, the
core book Bringing the Rain to Kapiti Plain could be used
to reinforce the following reading strategies:
a. graphophonic awareness;
b. critical thinking, especially comparing and contrasting;
c. geographic literacy and awareness; and
d. writing opportunities based on visual information.

The student completes activities related to each of these
focal points that are contained within the portfolio. Figure 3
shows these interactive connections.

Step 4: Developing the Interactive, Multimedia
Lesson

To proceed with this step, the instructor must have a
basic understanding of the software that allows for interac-
tive actions to occur. For example, undergraduates at
Winthrop use HyperCard 2.1 to develop the interactive
lessons along with sc II ware that controls the laser disc
player. In the example below, the book Bringing the Rain
to Kapiti Plain is divided into three segments: reading the
story for vocabulary and graphophonic awareness; writing
activities for critical thinking; and viewing laser disc clips
for geographic literacy. Each of these components is
described below:

Reading the Story. The text of the first two pages of the
book are entered into the HyperCard stack and are read to
the student by clicking on the oral reading button. High-
lighted words from these pages are also pronounced
individually so that the student can hear the story and the
targeted vocabulary as often as needed.

Writing Activities. After the pages are read, the student
responds to several open ended questions concerning the
story. The student also completes a Venn-Diagram
comparing and contrasting the wetlands and the dry African
plain.

Laser disc. The at-risk student then accesses appropriate
laser video clips on the African continent that reinforce
geographic literacy and enhance visual literacy.

The student uses this component of the portfolio to
actually work on areas of strength or deficiency. Of course,
these instructional activities can be modified at any time as
the needs of the student change.

Conclusion
The dual-component hypermedia portfolio is a valuable

tool that includes both assessment data and instructional
activities based on that data. The self-contained nature of
the portfolio makes it easy to make necessary changes and
adapt to student needs as warranted. It is most applicable,
however, in small tutorial situations where individualized
instruction is suggested and would be difficult to implement
in whole class settings.

graphoplsonic

awareness

geographic

literacy

the Rain to

Kaput Plain

Instructional Connections based an Student's Needs

critical

thinking

writing

activities

Figure 3. Instructional Connections.

494 Technology and Teacher Education Annual 1994



Electronic Children's
Books: The Good, The

Bad, and The Hype

William Valmont
University of Arizona
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Preservice teachers generally take courses in children's
literature or adolescent literature so they can learn about the
history of literature, the various genre, authors, and appro-
priate stories available for use in teaching. Such courses
typically deal with the development of the earliest chap-
books, primers, and the development of clothbound and
paperback book materials. A few courses introduce
students to the idea that audio books are available today for
nonreaders or for those who like to listen to stories. What is
missing from journal articles and discussions of children's
or adolescent literature courses is information about the
newest form of book which is gaining wide acceptance by
youngstersthe electronic book. It is time to ensure that
preservice teachers learn about electronic books, since
parents are now buying them for their children and some
schools are starting coll-ctions for use at both the elemen-
tary and secondary school levels.

In the past few years, largely because of the enthusiasm
generated by Mercer Mayer's fun and attractive interactive
electronic book entitled Just Grandma and Me,
(Broderbund) many individuals and publishers have begun
to use the CD-ROM (compact disc-read only memory)
format to package both original and repurposed (formerly
published on paper) titles. In fact, in just the last year there
has been an explosion of children's electronic books as
reported in catalogs and journals such as TigerSoftware
whose fall, 1993, catalog lists page after page of CD-ROM
titles.

A CD-ROM is capable of holding a great deal of
information which can be quickly accessedparticularly on
the newest triple-speed or quadra-speed CD-ROM players.
The CD-ROM format is ideal for engaging youngsters in
reading and interacting with both fictional stories and
nonfiction information. For nonfictional materials such as
Compton's Interacfive Encyclopedia, Mavis Beacon
Teaches Typing, materials which deal with chess, animals,
history, medicine, Shakespeare, etc., vast amounts of
photographs, illustrations, animations, videos (both
Quicktime as well as full motion), and sounds aid in the
presentation of information. For fictional CD-ROMs such
as Beauty and the Beast, Peter and the Wolf Mowgli's
Brothers, and The White Horse Child, stories are presented,
usually with accompanying narration, in ways which take
advantage of all of the capabilities of multitimedia technol-
ogy. Last year, as I was preparing to teach a section of
children's literature, I analyzed a variety of CD-ROM
electronic books. As a result of that investigation I noted
that many have common basic features of appearance,
narration, and the kinds of activities users can engage in
while interacting with the CD-ROM. The following section
lists these features:

Appearance
1. Some "pages" in CD-ROM books look very much like

pages in a printed book. Discis books, for instance, have
what look like diaphanous pages which appear to flip
over to reveal the next page. Some companies pages,
however, simply look like computer screens full of print.
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2. The reader usually "turns a page" by clicking a mouse
on an icon on the corner of the page or on a marked
button.

3. Most stories are illustrated, but the quality of the
illustrations varies greatly. In some instances, the
illustrations contribute to the.story (e.g., in Just
Grandrna and Me the illustrations contain "hot spots"
(hidden buttons) which, when clicked, start the anima-
tion sequences). In other cases, the illustrations are mere
decorations and, in some cases, the same illustration
remains on the screen throughout several pages of text.

4. iome stories have text on top of the illustrations. Some
wrap the text around the illustrations, and some have
illustrations on "facing pages."

5. Often the text is highlighted while it is being read by the
narrator. In some programs it is possible to adjust the
highlighting so that individual words or single lines of
print are highlighted. In other cases, some programs
enable users to highlight entire sentences as they are read
by the narrator.

Narration
1. For the most part, the narration can be turned on and off

as the user desires.
2. Both males and females are used to narrate the stories.
3. Professional actors/narrators seem to be used most

frequently, but children are used appropriately in some
stories.

3. For most programs the volume can be adjusted within
certain limits. Since many multimedia machines include
headsets as part of the equipment, this is an important
feature for individual users.

4. All of the CD-ROMS examined contained English
narration. Some also included the option to hear (and/or
read) the story in Spanish, French, or Japanese.

Activities
1. In some programs readers can click on words in order to

have them spoken by the narrator.
2. In other programs, readers can click on words to hear the

words pronounced in syllables.
3. In many stories, readers can click on words and have

them defined and/or used in sentences by the narrator.
4. Often readers click on objects to hear sound effects or

see animated sequences.
5. In many materials, readers can click on various icons to

find information related to the story itself or information
about related subjects which are mentioned in the
stories.

6. Some CD-ROMs contain comprehension questions
about the stories. These questions are similar to end-of-
chapter questions found in many textbooks.

7. Sometimes the words which students clicked on in order
to hear them pronounced (or to hear their definitions)
appear in a word list which a teacher can inspect in order
to diagnose a student's word recognition problems.
It is important to preservice teachers to examine a

number of children's or adolescent literature CD-ROMs in

terms of the basic features described above.

There are several important issues which users of these
products need to address if they wish to use CD-ROM
materials in their classrooms for instruction. First, the
matter of illustrations needs to be addressed. Typically,
illustrations form an integral part of stories, revealing
information in ways which help readers comprehend the
story. In thoseCD-ROMs where decorative art is "thrown
in" for the purpose of adding color and little else, criticism
should be leveled at the publishers. Second, the highlight-
ing of individual words may contribute to word-by-word
readinga habit that most teachers work hard to help
students overcome. Additionally, the highlighting of lines
of print regardless of meaning units is not justified. Phrases,
clauses, or complete sentences are the basic thought units,
and highlighting of these units is more appropriati. than
highlighting words or lines of print. Third, rate rf presenta-
tion is not addressed in any of the stories exami 'red. For
very fast or very slow readers no adjustment c. speed is
possible. Fourth, it is difficult to see the need to have words
pronounced in syllables, sinze this is typically a part of word
attack instruction not recreational reading. Fifth, the quality
of comprehension questions, typically literal level instead of
inferential level questions, needs to be upgraded dramati-
cally if such questions are to be included in CD-ROM
materials. Finally, there is a big issue to be investigated
about what students actually learn as a result of interacting
with CD-ROM electronic books. In some cases, there are
few words on a page but dozens of things to click on. In
these instanceF what is the student learning about reading?
In other ce:.,es, the CD-ROM looks as if page after page of
text (arKi a fsw graphics) had been put on the disc for no
other purpose than to sell the story in the new electronic
format. One CD-ROM had twenty chapters of a well-
known story and little else on the disc. All of these issues
deserve discussion in college and university literature
courses.

Assessing CD-ROM Electronic
Storybooks

In addition to the questions just raised, there are other
features of CD-ROM electronic books which should be
discussed and assessed by prospective teachers. They are:
1. Is narration clear, pleasant, and appropriate with

publishers using different voices across stories?
2. When words bre highlighted, does this cause a jumpy

appearance to the text?
3. Can the story be read in languages other than English?
4. Are there multicultural images in the materials?
5. Is the text readable? Black electronic print on a red

background, for instance, is very difficult to read.
6. Is the artwork the same as it appeared in the original

printed book?
7. Is the art appropriate to the story if it is newly created for

this remake of a print version?
8. Is animation simply entertainment or is it instructional?
9. Are there appropriate sound effects?

10. Are there too many things for students to click on?
Too few?
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11. Are there "bookmarks" and "go to" buttons thdt help
readers quickly move to a specific place in the book?

12. Are there onscreen activities, teaching hints, test items,
background information, etc. to aid teaching and
learning?

13. Is the program "user friendly" so students can get in and
out of areas of the program easily?

14. Will the CDROM run at an acceptable speed of
response on most CDROM players?
Most of today's professors of children's and adolescent

literature grew up in the age of hardback and paperback
books. Many are having difficulty accepting electronic
books as suitable materials, even though children and older
students are being exposed to them in many schools today.
Comments such as, "I can't snuggle up in bed with an
electronic book!," and "These are just another fad that will
go away," are not uncommon statements uttered in literature
classes. Judging from their popularity, however, it is
unlikely that electronic books will disappear. It is, in fact,
more likely that books printed on paper will become scarce
as the cost of making them continues to escalate and our
forests disappear.

Judging from the explosion of CDROM electronic
books which have become available in the last year, it is
clear that both former popular books and newlycreated
interactive books with clever features will be used widely in
K-12 schools in the next decade. Colleges of education,
therefore, must take leadership in assessing these new
materials, helping the industry set high standards for their
use in educational settings, and educating teachers about
them. In addition, educators need to take leadership in
conducting research to determine just what students learn as
a result of interacting with electronic print and story
materials. The study of CDROM electronic books should
keep professors of literature, reading, and specific content
area subjects greatly occupied in the coming years.

(Note: With the exception of Just Grandma and Me, the
CDROM titles mentioned in this paper are listed in the
TigerSoftware, 2(11), Fall, 1993, catalog.)

William Valmont is Professor and Director of Technology,
College of Education, The University of Arizona, Tucson,
AZ 85721
email: wvalmont@ ccit.arizona.edu.
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The shift in recent years from the behavioral approach in
the 1970s and 1980s to the approach that teachers and
students need to construct their own knowledge base about
the use of technology can easily be seen in the area of
mathematics. Learning how to learn with technology,
specifically learning how to learn mathematics with
technology, is the theme of the articles in this section.

In recent years, the National Council of Teachers of
Mathematics (NCTM) has recommended standards for both
the substance and delivery of the K-12 mathematics
curriculum. Each of the articles in this section focuses on
these standards directly or indirectly. The articles are
divided into two basic areas: the use of computers and the
use of calculators in the teaching of mathematics. In each
case, the predominate proposition is that teachers as well as
students must take a constructivist approach to mathematics.

To begin this section, Troutman, Dickinson and Austin
discuss a teacher profile established by the NCTM and how
this profile can be used to establish a conceptual map to
classify research questions on the preparation of elementary
teachers. This five-dimensional map encompasses math-
ematical competence, teaching competence, knowledge
products, knowledge process, and media knowledge. This
exploratory paper represents a desire to examine and share
research questions bridging the gap between the goals for
proficiency of elementary teachers and actual practice.

Teyah and Pokay explore an array of alternative
assessment measures and their impact on using various
technologies to teach mathematics. Open-ended questions,
projects, performance assessments, self and peer evalua-
tions, observations, interviews and portfolios have the
potential to better reflect what children know about math-
ematics and provide superior information for making sound
instructional decisions. The effort to integrate technology
and alternative assessment for preservice educators is
developed through the use of a geometry program, the
Geometric Sketchpad, which allows students to make
conjectures and create geometry. One major advantage of
using this computer program is that preservice educators
begin to see how problem-solving skills develop.

Hunter's article, Math Teacher as an Author: Strategies
for Developing Successful Classroom CAI, considers the
instructional strategies used in creating quality courseware
and how these techniques can be developed and imple-
mented by secondary mathematics teachers in their own
classroom applications. Bowers, Barron and Goldman look
at the multimedia capability of HyperCard to develop a
teacher education simulation. This simulation permits
preservice teachers using a videodisc controlled by the
HyperCard stack to investigate critical issues found in actual
mathematics and science lessons.

Beers and Orzech discuss the implementation of
information technology in all aspects of teacher training.
The primary focus of this study was the implementation of
an elementary mathematics methods course. Using the
successful model developed in this initial course, a model
classrooms and methods courses in other disciplines will be
phased into the preservice schedule.
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The articles by Tap lin and James and Glidden, both
discuss the inadequate mathematical skills of preservice
educators. In the Tap lin and James article, a computer-
assisted tutorial using a HyperCard stack was developed.
The pedagogical aspects of designing this system are the
focus of this paper. Glidden used Mathematica, mathemati-
cal programming software, and calculus to open a new
realm of mathematical ideas for preservice educators.

Recently, North rarolina has mandated one credit of
algebra as a require,nent for high school graduation. This
has fostered two different studies one observing the use
of problem-solving computer software and graphing
calculators in group problem-solving and the other attitudes
of teachers and using calculators. McCoy developed a
workshop, in the constructivist tradition, using the appropri-
ate technological tool to establish connections between
algebra and real problems. Bowman and Bright report the
impact of two calculator projects on teacher attitudes,
teacher instructional practices and the evolving concern
about teaching mathematics with calculators.

Similar to the Bowman and Bright study, Fleener
investigated the response of Oklahoma middle school and
secondary mathematics teachers to determine their attitude
concerning using calculators in teaching and learning
mathematics. She also studied the differences between
those who had mastered calculator use and those still in the
leaining cycle.

Kraus discusses the integration of computers and
calculators into the preservice mathematics education
program at Wittenburg University. He feels that his
modeling of the use of calculators and computers in the
mathematics course for preservice educators will give an
added dimension to the use of technology for these novice
teachers.

Bauder, Planow and Sarner discuss the development of
Project TIME, an attempt to alter mathematics instructional
strategies at all educational levels by supplying the techno-
logical and pedagogical skills, enhancing self-confidence,
and to developing a peer support network. An important
component of this program was its early reliance on
teachers to participate in the design, scheduling, budgeting
and participant selection.

Zambo describes an attempt at reforming one high
school district's mathematics curriculum. A primary facet
of this implementation was an intensive summer Pre-algebra
Academy for incoming ninth graders to prepare them,
instead, for Algebra. The calculator played a prominent role
in both the Academy and the other aspects of pedagogical
reform. The study includes teacher attitudes toward
calculators prior to and following the academy project.

Similar to the approach used in Project TIME, Will-
iams, Bright. Kenelly and Harvey found that teacher
involvement in the planning and development of an
innovation is a significant factor in the innovation's
implementation. Teaching Mathematics with Calculators
(TMC), a project to assist teachers in grades 6-12 to use
calculators in teaching mathematics, developed a summer
institute, video tapes and printed material as the core of a

523

workshop for teachers to use in any school. This study
investigates the effect of both teacher involvement and the
teacher leadership role in the training of other teachers.

Nath, Williams, and Waxman look at the effects of
calculator confidence and student belonging on student
mathematical problem-solving skills achievement in a
multiethnic school district. Since this district had received a
three-year Department of Education grant to develop
mathematics curricula incorporating the use of calculators, it
was a fertile ground to investigate how students seek to
learn in social ways with technology. Both pre- and
inservice mathematics educators should be aware of the
consequences of technology use on students' affective
outcomes.

Is there a relationship between student perceived
calculator confidence and problem-solving achievement? Is
there a relationship between student mathematics anxiety
and the stages of student problem-solving achievement?
The study reported by Williams, Nath and Waxman
measure calculator confidence, mathematics anxiety, and
problem-solving achievement to determine the relations
between cognitive and affective outcomes.

Finally, Williams, Waxman, Copley, Huang, Nath, and
Bright summarize three studies that were designed to
identify the implementation process with varying initial
attitudes toward calculators, among groups with varying
responsibilities in the curriculum development process
between experienced and novice teachers and between
coached and non-coached teachers.

Jenny 0. Burson is a doctoral student in the Curriculum &
Instruction Department of the College of Education at the
University of Houswn.

Jerry D. Price, Jr. is the Manager of the Center for Infor-
mation Technology in Education in the College of Educa-
tion at the University of Houston. Internet address:
JDPrice@UH.edu
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In recent years the National Council of Teachers of
Mathematics (NCTM) has made strong recommendations
calling for reform in both the substance and the delivery of
the mathematics curriculum K-12. These recommendations
place heavy responsibilities on those who prepare teachers.
The vision of the ideal mathematics classroom projected is
one in which students and teachers collegially engage in the
teaching/learning process. The teacher's role is to design
learning environments in which he or she guides instruction
while students continuously construct and refine their own
knowledge. Problem solving and mathematical reasoning
are the driving forces, and students learn in safe environ-
ments in which mathematical inquiry and debate is the
norm. Learning experiences extend to the personal real
world of the student and to the macrocosms of business,
science, and industry while the learning environment
mirrors the best that instructional technology has to offer.
As most educators recognize, preparing teachers with the
mathematical knowledge, pedagogical insights, and
appropriate attitudes to create instructional environments
that manifest this vision will take considerably more than
the specification and acceptance of recommendations.

Teacher Profile implied by the NCTM
Standards

Teachers must have a comprehensive definition of
mathematics and considerable content knowledge that
extends beyond abilities to cite rules, definitions, and
complete procedures. They must have conceptual knowl-
edge that allows them to translate, rearrange, interpret,
connect, represent, and communicate mathematical ideas
with clarity. Above all, they must be good problem solvers,
able to distinguish between routine problems that require
low levels of translation and authentic problems that require
the creation of unique solution strategies. Teachers must
also possess metacognitive skills that allow them to
cor xiously regulate their cognitive processing of math-
ematical information (e.g., "I know that I can look for a
pattern;" or "This problem needs to be broken down into
smaller parts."). In short, teachers must have pedagogical
content knowledge as well as knowledge of: (1) subject
matter suitable for instruction, (2) how students' learn
mathematics, (3) state-of the-art media needed for deliver-
ing instruction, (4) instructional design techniques, and (5)
methods of assessment. Teachers must have confidence in
their abilities to do mathematics and positive attitudes
toward mathematics and the use of technology.

Teacher Profile Emerging from the
Professional literature

The elementary teacher sees mathematics as a fixed
body of knowledge, linearly organized, from which he or
she must memorize and repeat procedures to obtain
answers. Most feel their competence is limited by innate
ability. They approach mathematics as adult learners with
personal agendas perceiving that others possess some
understanding that they lack. Confounded by a view that
teaching mathematics is a matter of technical competence,
they fear exposure of their perceived deficiency and avoid
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non-routine problem-solving situations over which they do
not experience control. They carry out the teaching role by
breaking down concepts, facts, and skills into small pieces
and providing practice on each piece. Significant tension
exists between their vision of themselves as teachers and
their own teaching practice, so they often implement a
teaching pattern imposed by text materials based on goals
defined by an outside authority. Generally, they have not
been predisposed to working cooperatively and to relying on
peers, so they adopt a teaching/learning model in which the
teacher is the final authority. (Sandra K. Wilcox, Perry
Lanier, Pamela Schram, Glenda Lappan., 1991)

Filling the Wide Expanse
The challenge that teacher educators face is monumen-

tal. Any significant change will first require the articulation
of instructional research questions for which answers have a
reasonable chance of increasing the congruence between the
ideal teacher profile and the real teacher profile. Second,
considering the resources available to educators and the
capabilities of technology, it is important to integrate the
power of technology into both the study and delivery of
promising practices. Third, since there are so many research
questions concerning mathematical content, pedagogical
content, and beliefs and attitudes that need to be articulated,
it appears logical and extremely important to develop a
coherent map of the academic domain's content, the
knowledge and skills required to teach domain content to, in
this instance, elementary students. Such a conceptual map,
as a hueristic, permits the organization of research questions
that help researchers find their way through the maze. The
components of the map would be structurally complex, and
each component might intersect with others in various
places. Essentially, the map could be represented by a
multidimensional search space in which each dimension is
composed of somewhat discrete classes, each class charac-
terizing a quality of some aspect of knowing, using,
justifying, controlling the use of, or teaching mathematical
knowledge. ln this paper we will propose such a model and
identify questions that can be located in the model's search
space that are related to estimation and problem solving
two emphases of the NCTM Standards.

A Conceptual Map for Proficiency of
Teaching Elementary School
Mathematics (PTEM Map)

The following conceptual map for studying the prepara-
tion of elementary teachers is offered as a starting point for
characterizing and locating research questions germane to
the teaching of elementary school mathematics. The main
motivation for its development is to provide a vehicle for
classifying appropriate research studies in this area,
communicating about this research, and logging progress.
The map currently is defined to be five-dimensional with
the dimensions labeled as follows: (1) mathematical
competence, (2) teaching competence, (3) knowledge
products, (4) knowledge processes, and (5) media knowl-
edge.

Mathematical Competence encompasses those qualities

that ensure one's ability to know and to perform mathemati-
cally. This dimension subsumes the following classes: (1)
has conceptual knowledge; (2) can perform mathemati-
cally; (3) can describe and justify mathematical processes;
(4) can maintain a control system that regulates and controls
mathematical processing.

Teaching Competence encompasses those qualities that
ensure one's ability to teach mathematics. This dimension
subsumes classes that characterize mathematical content
pedagogy. The classes identified are (1) knows what
conceptual knowledge to teach; (2) can effectively teach
conceptual knowledge; (3) can teach students to perform
mathematically; (4) can teach students to describe and
justify mathematical processes; (5) can teach students to
regulate and control mathematical processing.

Knowledge Products encompasses the knowledge
domain considered relevant for the teaching of elementary
school mathematics. A possible way to define this dimen-
sion is to use those areas postulated in the NCTM Standards
for K-4 & 5-8 (NCTM, 1989): These would include (1)
number sense and numeration; (2) concepts of whole
number operations; (3) computation and estimation; (4)
geometry and spatial sense; (5) measurement; (6) probabil-
ity and statistics; (7) patterns and relationships; and (8)
algebra.

Knowledge Processes encompass mathematical
processing skills subsuming the following classes: (1) can
retrieve; (2) can transform or represent; (3) can interpret or
connect; (4) can apply; (5) can analyze and synthesize; and
(6) can evaluate.

Media Knowledge encompasses knowledge related to
the personal or instructional use of media for transmitting or
transforming knowledge: (1) can productively use non-
interactive media; (2) can productively use interactive
media; (3) can organize productive learning experiences
with n( -interactive media; (4) can organize productive
learning experiences with interactive media.

Research Questions for Estimation
The ability to estimate rather than to compute an exact

answer with pencil and paper is considered to be a primary
part of an individual's mathematical development (NCTM,
1989, NCSM, 1989.). Yet existing research evidence
indicates that prospective elementary teachers are limited in
their ability to estimate (Gliner, 1991). In Gliner's study
performance on estimation exercises involving rational
numbers in fractional or decimal form was poor; careful
analysis of performance on individual items would lead one
to suspect that difficulties reside not in inabilities to estimate
but rather in a general lack of number sense. These results
are consistent with the authors' observations resulting from
two decades of instructing prospective elementary school
teachers.

Since the NCTM Standards recommend acquisition of
estimation and number sense skills that far exceed the skills
demonstrated in Gliner's study, it is clear that improved
methods are needed that will help teachers acquire better
skills. Since it is also argued that educators should harness
the technological power to help overcome problems of
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delivering effective instruction, it seems fitting to find
methods supported by technology. Given that resources for
educational research are extremely limited, it makes sense
to ask productive questions and encourage cooperation
among educational researchers. To ask productive research
questions related to estimating and to communicate
effectively, we need a language or map such as the pro-
posed PTEM Map. By subjecting each research question to
analysis using the map, we can determine the major
emphases of the question. We can also determine what is
not emphasized and how the question might be limited. The
ability to classify research questions in this way could
provide a tool for comparing studies and planning collabo-
rations. Using the conceptual map to create and structure
further research questions and to classify research already
completed can reveal gaps in the current research status
with regard to teaching elementary school mathematics.

Each of the following questions is related to the
instruction of estimation skills and could be explored in
relationship to computer-dependent research or instruction.
Each can be classified in terms of the PTEM Map to
determine major emphases. To demonstrate the PTEM
Map's use, we classify some questions and provide related
discussion.
Question: What relationship exists between the ability to
match computer-generated equivalent representations for
rational numbers and the ability to estimate, in a computer
controlled environment, sums, differences, products, and
quotients of numbers in decimal or fractional form?
Classification: Mathematical Competence has
conceptual knowledge; Knowledge Products number
sense and estimation; Knowledge Processes can
interpret or connect; Media Knowledge can produc-
tively use interactive media.
Discussion: By using the map we can determine initial
specifications for a study. We can decide whether variables
should be eliminated, other ones should be included, and
how the research questions might be refined, subdivided or
extended. We also have a tool for writing parallel questions
that may involve other aspects of the map in this case
perhaps parallel questions for the dimension of Teaching
Competence.
Question: Does greater ability to numerically represent
computer-generated models for numbers facilitate one's
ability to formulate and explain algorithms for estimating?
Is the ability to find number representation for computer-
generated models such as the following related to the ability
to choose and explain estimation algorithms?
Classification: Mathematical Competence has
conceptual knowledge, can perform mathematically, can
describe and justify; Knowledge Products number sense
and estimation; Knowledge Processes -- can analyze and
synthesize, can interpret and connect, can transform or
represent; Media Knowledge can productively use
interactive media.
Other Questions: What effect would computer-based
instruction in which respondents match a variety of models
for rational numbers have on the acquisition of estimation

skills? Does greater ability to manipulate models for
numbers facilitate one's ability to use a variety of estimation
techniques on the computer, in real-life, etc?

What relationship exists between the ability to mentally
determine the order relation for two or more rational
numbers such as 2/8 and 2/7 and the ability to tell whether
sums, differences, products, or quotients involving these
number pairs are greater than, less than, or equal to 1. What
effect does instruction on matching these number pairs to
appropriate graphical models or to informal justification
concerning the relationships have on the ability to estimate?

What is the relationship between the ability to mentally
compute exact sums, differences, products, and quotients
with fractions and decimals and the ability to estimate with
fractions and decimals?

What effect does a variety of types of immediate
computer feedback, given in a variety of ways audio,
graphic, textual have on achievement of estimation
skills?

What is the relationship between the ability to discrimi-
nate correct and incorrect computerized graphical models
for rational numbers and the ability to estimate? What effect
would instruction on recognizing correct and incorrect
graphical models with feedback for decimals and fractions
have on the ability to estimate?

What effects would computerized "say-along practice"
have on the ability to estimate? What effects would
computer practice with highlighted text and audio cues that
provoke reflections on number rounding or on necessary
arithmetic operations have on estimation performance?
What effect does practice with "hot buttons giving explana-
tions or pictures" have on the ability to estimate?

What effect does learning (practicing) estimation via a
computer program have on personal assessment of control
or success? What advantages over traditional delivery
systems does using computer instruction afford, e.g., time,
immediate feedback, instructional support, and self-help for
students?

These are just a few questions not intended to be
exhaustive that, once classified according to the map,
could provide comprehensive guidance to researchers for
studying and teaching proficiency in estimation.

Research Questions for Solving Verbal
Problems

A broadly stated problem-solving standard is the first
standard listed in the NCTM Standards and is well accepted
by mathematics educators. While the concept of problem
solving calls for far more than translating a word problem
into a number sentence, directly applying algorithms, and
then computing solutions, these skills are necessary for
problem-solving proficiency. Generally, these types of
problems are classified as translation type exercises in
which the learner connects verbal problems to number
sentences to algorithms to computations to solutions. We
will focus here on thew types of verbal problems since they
are fundamental ale elementary school curriculum.
Several interpretations for each of the basic arithmetic
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operations are found in textbooks designed for mathematics
methods courses (Troutman and Lichtenberg, 1991), and
mathematics content courses for elementary teachers
(Billstein, Libeskind and Lott, 1990). For example the
whole number operation of subtraction involves several
interpretations take-away, comparison, missing addend,
partition depending on the context of the problem.
Problems for each of the interpretations may not appear on
the surface to be similar, yet, all require the operation of
subtraction for effectively finding solutions. Thus it is
important for teachers to be able to recognize and fluently
pose problems for each of the interpretations for each of the
whole number operations. A framework for these interpre-
tations can be refined from existing sources and used as a
basis for studying these abilities. Fluency refers to the
ability to write sets of word problems using numbers,
interpretations, operations, appropriate vocabulary, and
context interesting to the target grade level of school
children. A literature search found no studies focusing on
these abilities. The research questions considered here could
identify what prospective elementary teachers already know
about verbal problems and problem posing and could
indicate promising strategies for increasing their profi-
ciency. Here are a set of questions germane to this topic,
two of which have been classified by the PTEM Map.
Questions: Will prospective elementary teachers, without
specific instruction, classify a set of word problems
according to different interpretations of the basic opera-
tions? What effect will feedback with regard to their ability
to classify problems according to the interpretations have on
future ability to classify problems?

Can prospective elementary teachers, without specific
instructions, fluently pose a range of verbal problems that
adequately represent the possible range for each operation?
What effect will feedback regarding their ability to fluently
pose problems for the interpretations have on future ability
to fluently pose verbal problems? How can fluency be
measured?

Since the number of contact hours in method courses is
not sufficient to cover all essentials, is it possible to mediate
this instructional dilemma using computer-based instruction
out of class?
Question: What effect will building a large data base
containing problems reflecting the interpretations for all
four operations have on the ability to recognize and fluently
pose verbal problems reflecting the interpretations for the
four arithmetic operations?
Question: What effect will examining each problem in
and adding classification codes to each record of a large
data base containing problems reflecting the interpretations
for all four operations have on the ability to recognize and
fluently pose verbal problems reflecting the interpretations
for the four arithmetic operations?
ClaSsification: Mathematical Competence has concep-
tual knowledge; Teaching Competence knows what
conceptual knowledge to teach; Knowledge Products
concepts of whole number operations; Knowledge Pro-
cesses can interpret and connect; Media Knowledge

can productively use interactive media.
Discussion: As you can see both questions attack the same
components of the map, so it makes sense to ask which of
these might lead to higher fluency rates for posing prob-
lems. Other ideas to consider in relationship to these
questions relate to whether the activity occurs outside of
class, individually, or in cooperative goups.

Creating a Context for Sharing of
Research Efforts and Findings

The purpose of this paper is exploratory, the map has not
had extensive testing and certainly the questions are very
limited. This paper represents a desire on the part of the
authors to examine and share research questions, the
answers to which could mitigate the existing chasm between
goals for proficient elementary school teaching and actual
practice. More importantly it proposes a tentative concep-
tual map for examining such questions in the light of what
we currently know about knowledge, teaching, learning, and
technology. We enthusiastically invite collaboration and
constructive evaluation.
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The New Mathematics
Classroom: Integrating

Technology and
Alternative Assessments

Carla Tayeh
Eastern Michigan University
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Eastern Michigan University

Traditionally, college mathematics courses have rarely
integrated technology or alternative assessments in the
teaching/learning process. Instead, they have relied on
textbook exercises and problem sets in a lecture or recitation
format. The National Council of Teachers of Mathematics
(NCTM) Curriculum and Evaluation Standards for School
Mathematics (1989) have spurred on a reform movement
that calls for both curricular and instructional practices to
shift more emphasis to the use of technology, open-ended
problems, and written and oral communication with
evaluation as an integral part of teaching and improving
instruction. In addition, the NCTM Standards have
encouraged curricular changes that integrate technology
with mathematics learning, deleting topics that have become
irrelevant in the light of technology.

Thus, technology is impacting what we teach and the
way we teach in the mathematics classroom. The use of
computer applications focusing on real life problems and
allowing students to experiment has opened the door to a
wealth of problems that were not previously feasible.
However, there remains a gap between the potential of the
technology and the realities of the mathematics classroom.
One way of closing this gap is to focus on the college
environment where future teachers are being trained. If
change is to occur, courses designed for preservice teachers
need to model how technology can be used to teach
mathematics, examine the impact of technology on the K -
12 mathematics curriculum and use technology as a unique
tool for learning mathematics. Preservice teachers need to
experience how their own understandings of mathematical
concepts are enhanced as a direct result of technology.

The inability of past assessment measures to genuinely
reflect student understanding of mathematical concepts and
procedures, has led to a push toward alternative assessments
in mathematics including open-ended questions, projects,
self and peer evaluation, performance assessment, observa-
tion, interviews and portfolios (Clarke, Clarke, & Lovitt,
1990; Stenmark, 1989). These alternative forms of assess-
ment have the potential to better assess what children know
and provide information for making instructional decisions.
As mathematics teachers work to redefine their classroom
with technology, assessment has the potential to serve as a
valuable tool in curricular decisions involving this technol-
ogy.

Implementing the NCTM Standards will require that
teachers be receptive to alternative approaches in teaching,
specifically the use of technology, and assessment of student
learning. While the reform movement in mathematics
education focuses on K-12 mathematics learning and
teaching, the education of preservice teachers affords an
ideal place for intervention. If future teachers are to
implement these recommendations in K-12 classrooms, they
first need to see these practices modeled during their
training.

In this paper we will describe our efforts to integrate
technology and alternative assessments in a college
mathematics course for prcservice teachers. We will
describe the course and students, then explain the proce-
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dures we used to integrate computers and alternative
assessments into the classroom. Finally, we will reflect on
our successes and problems and provide suggestions for
future implementation.

Course and Students
In order to explore innovations in mathematics, we

chose a geometry class for elementary teachers majoring or
minoring in mathematics. This particular class focused on
informal geometry topics and how they can be taught in the
elementary school. Whereas most courses in plane geom-
etry rely heavily on the two column proof, the emphasis of
instruction in this course was on group work and discovery.
Students were to develop their own theories and discover
connections among geometric concepts through exploration
on the computer. The instructor overtly focused on (a)
mathematics as a process, such as the ability to make
generalizations, reason and problem solve; and (b) the
importance of motivational factors, such as self confidence
and perseverance. Procedures used in class included
problem solving activities, open-ended problems and
cooperative groups, both on and off the computer.

The students in this course were undergraduate
preservice elementary teachers majoring or minoring in
mathematics. Their entering computer skills varied,
although the experiences of most students centered on word
processing. In addition, their experience with alternative
assessments were limited, especially in mathematics where
most had experienced only traditional approaches to
teaching and assessment.

Technology
Technology was integrated throughc.. te geometry

course using the Geometer's Sketchpad, r tometry
program that allows students to make con.;tures and
"create" geometry. Students use a toolbox to draw points,
lines, and circles along with menus for basic constructions
and transformations. Measures of angles, slopes, distance,
area, and perimeter are computed automatically.. The
Geometer's Sketchpad is dynamic in that constructions can
be "dragged" and measures are updated for each new
sketch. With dynamic geometry programs, like the
Geometer's Sketchpad, students collect numerical evidence
to deveiop an intuitive sense for a problem situation in order
to make conjectures about the solution prior to any formal

proof.
Over the course of a year, we experimented with a

variety of formats. Initially, the computer was introduced
as one of several teaching tools and was not a major focus
of the course. Both the nature of the assignments and the
time allotted to computer work changed over time. Origi-
nally, computer assignments were given in addition to the
regular assignments with little effort made to link these two.
Assignments consisted of exploratory activities and could
take up to two or three weeks to complete. Originally,
students were required to complete assignments on their
own time during open lab hours when the instructor was
available to respond to student questions.

This format was comfortable for an instnictor who was

experimenting for the first time with integrating technology,
since there were a maximum of five or six students in the
lab at a given time as opposed to a full class of over 30
students . However, it failed to address othtr issues related
to the preparation of preservice teachers. First, students
viewed the computer assignments as an "add on" to the
class as opposed to an integral part of the instruction. In
addition, the course failed to model to how technology can
enhance learning in the mathematics classroom and support
classroom instruction. Preservice teachers need to see
models of technology integrated in their mathematics
training if they are to teach using technology to its full
potential.

In order to more fully integrate the computer into the
course, during the second semester, assignments were
altered and the time schedule was changed. Instead of the
students completing assignments on their own time, one
third of the actual class time was scheduled for the computer
lab. The allotting of actual class time provided a clear
message that the computer assignments were a high priority.
In addition, the computer assignments were more closely
aligned with the regular classroom instruction in that they
asked students to explore the topic being discussed in class
through the use of the computer either to explore a subject
in more depth or from a different point of view. This
integration of computer work with the course promoted
discussions of the assignments during the regular class time
whereas there was little time for the class to discuss the
computer assignments previously. In addition, it provided a
situation where the student could see the integration of
technology being modeled by the teacher.

Alternative Assessments
As the course evolved and became more computer

intensive, the use of assessments evolved, too. Originally,
nonnditional activities involved reflection papers and
journal entries in addition to the more traditional homework
assignments. Reflection papers consisted of weekly essays
in which the students wrote about what they learned and
how they felt about the material for that week. Some
students chose to summarize key ideas and other students
discussed pertinent questions that they had with respect to
the material. Journal entries were also written on a weekly
basis. These were different from the open-ended free
writing nature of the reflection papers in that the journal
included responses to specific prompts. The prompts were
often related to mathematics content (i.e., Explain why there
are five and only five Platonic solids.) and to student
attitudes (i.e., What have you accomplished in this class
over the last two weeks that has made you most proud of
yourself'? ).

In addition, students kept portfolios that were comprised
of two parts. Part one consisted of a collection of student
work , usually referred to as a working portfolio and
included reflection papers, journal entries, homework and
tests. Then, at the end of the course students were asked to
use their working portfolio to develop an evaluation
portfolio by analyzing their learning throughout the
semester. In the evaluation portfolio, students were asked to
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select items which gave proof or evidence of (a) their
problem solving ability, (b) their confidence in their
mathematics ability, (c) their determination to stick with a
problem, (d) their most valuable experience in the class, and
(e) an activity in which writing helped them to learn. For
each item selected, the student was to write a letter explain-
ing why they chose this example.

While this technique helped the students to reflect on
their own learning and provided the teacher with valuable
insights into the effectiveness of teaching techniques and
student learning, several problems arose. First, the amount
of time required of the teacher to read and respond to
student reflection papers and journal entries was excessive.
Second, since the students were only asked to evaluate their
portfolios at the end of the semester, they were afforded
only one opportunity to reflect and tie together the content
learned in the course. Finally, since students were asked to
respond only at the end of the semester, they had no way of
knowing what the expectations were for their responses and
thus were uncomfortable with the process. This posed a
significant problem. Ultimately, we want these teachers to
carry out this technique in their own classes. Hence, it was
important that they have a positive experience with the
procedure.

In order to reduce the amount of reading and responding
on the part of the teacher and yet provide students with more
opportunities to reflect on their work, the format of the
alternative assessments changed during the second semester.
Instead of requiring reflection papers and journal entries
eveiy week and waiting until the end of the semester to ask
students to reflect and tie together the course, we developed
an alternative to the traditional portfolio approach. We
identified more specific questions that we asked students to
respond to at several points during the semester. These
included (a) What have you accomplished that you are most
proud of? (b) What is the most important thing you have
learned so far? (c) What things can you do well? (d) What
things are you still working on? (e) What has surprised
you? (f) What have you discovered? and (g) If the com-
puter were a real person, what would your relationship with
it be like? Students organized their responses in a booklet
format including a table of contents. In this way students
were reflecting at varying points during the semester yet the
teacher was not collecting essays and journals every week
that she would need to respond to. In addition, questions
were added that specifically addressed issues related to
technology. Finally, a peer assessment piece was added.
Each student read another student's folder and identified the
strengths and weaknesses of the folder. Thus, instead of
being asked to write weekly essays, keep journals and
develop an end of the semester evaluation portfolio, students
during the second semester were to asked to develop folders
that included specific questions asking them to reflect on
their learning at four times during the semester.

Interaction Between Technology and
Alternative Assessments

Traditional assessment becomes an issue in a technology
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based mathematics classroom. In the typical mathematics
classroom, students are asked to complete assignments and
"show their work". This "showing of work" helps teachers
to monitor student progress and assess difficulties. In a
dynamic geometry program like the Geometric Sketchpad,
this "work" is often lost in that the computer does not keep a
record of the processes that students have gone tl-sough to
arrive at their final product. Thus, instructors see the final
product but often do not have a clear picture of the process.
Alternative assessments including the use of writing and
portfolios have the potential to provide information on the
process, thus improving instruction and communication in a
classroom using technology. In addition, looking at the
process provides a "window" for viewing the way technol-
ogy impacts the learning of mathematics , beliefs and
attitudes about technology, and the way students reevaluate
those beliefs over time. Finally, it provides information for
instructional and curricular decisions about future integra-
tion of technology that better meet student needs.

In this study, writing was used as a vehicle for under-
standing the process students were using. In so doing, a
picture emerged of how students' saw technology impact-
ing learning and their beliefs about technology. What
follows are a few examples of what was learned through
student writings. For instance, the impact of technology on
the learning process was evident in several ways. Some
students reported using the computer as a tool to record and
keep their thoughts focused on a particular problem. One
student wrote, "the computer helps me think in a logical,
organized way and helps me to visualize my ideas. If I'm
distracted from a task, it keeps me from forgetting every-
thing I just worked on". Thus, the computer was used as a
tool to help students organize their thoughts.

In addition, the use of writing helped both students and
the instructor see evidence of the impact of technology on
students' growth mathematically. Mathematics instructors
want to believe that the technology is impacting the way
students learn mathematics. However it was only through
the process of writing and reflecting that the students and
teacher became aware of how exploration on the computer
was changing the students' view of mathematics and
themselves as problem solvers. One student wrote, "I've
learned to play around with the computer and answer my
own questions. Usually I'm the type of person who will
stop until my question is answered and I'm sure that I am
doing it right. With the computer, I've learned to play
around and use my own intuition." It is the safe environ-
ment of the computer that affords students the opportunity
to explore and practice their problem solving skills.

In addition, often the expectations of the teacher do not
match the abilities and attitudes that the students bring to the
classroom. Instructors who are technologically literate,
often overlook the complexity of student feelings when they
begin to use the computer for their classwork. At the
beginning of the semester, students wrote comments like " I
feel like the computer is laughing at me" and "I am getting
extremely mad at the computer. It makes everything more
complicated. I just want things to go smoothly between us
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and it blows everything out of proportion." It was interest-
ing to observe that even when a student wrote a comment
suggesting frustration such as "My only hope is that time
will allow the computer and I to get along better or else I
may be forced to kill it one day," the same student often
expressed a conflicting comment, such as, "I am most proud
of the way I have been working with the computer." Too
often, we assume that students are as literate and comfort-
able in the use of technology as we are. Student feelings
like the broad range cited above, however, influence their
willingness to learn and take risks with the computer.
These student responses need to be acknowledged and taken
into account by the teacher.

In addition to providing information concerning student
learning at any one point in time, the procedure used in this
study also allowed the teacher to monitor learning and
attitudes over time. For example, students were asked the
question, " If the computer were a real person, what would
your relationship with it be like?" at several points during
the semester. One student began the semester by saying,
"...It takes me a million tries before I ever figure anything
out, if I ever do figure it out! I really don't feel like I'm
learning a whole lot because once I get the right answer, it's
usually by accident and I can't figure out how I got it! This
is very frustrating for me!" In a later paper she reported,"
The computer is starting to become like an old friend.
Although it took a while to get used to, I'm finally starting
to warm up to h. I look forward to working with it now. It
still challenges me, but now I am learning to deal with those
problems." Another student began her relationship with the
computer as, " ...We don't communicate very well. I don't
have enough patience for him, and he doesn't give me
enough information for us to work together. This person is
getting in the way of my learning." Later she stated, "Every
day when I sit down to work with him, I learn to become
more comfortable with him and more confident in our
relationship. I'm learning a lot from him, and he's making
learning easier, faster, and more concrete." The growth in
these students' comfort level with the computer is evident.
However, if they had not been asked to write about their
relationship to the computer, this change would not have
been as evident to the teacher.

Just prior to submitting their folders during the second
semester, students exchanged work, read what the other had
written, and wrote comments to the author. The use of peer
evaluations significantly opened lines of communication
among students. As students reflected on their beliefs and
attitudes toward the computer, there was something quite
reassuring about reading what their classmates were
thinking and feeling. The peer assessment was significant
in that by reading someone else's writings, students realized
that their frustrations, especially with the computer, were
shared by others. In their peer evaluations, one student
wrote to her classmate " I understand how you feel that the
computer sometimes lets you down or doesn't always
explain things simply, but try to be patient. I am learning
that I must learn the computer's language in order to
communicate with it better ". These evaluations gave

students "permission" to acknowledge how they felt and
allowed them to realize that frustration was not equated with
failure.

Conclusions
In sum, this study explored issues related to technology

and alternative assessments in the preparation of elementary
mathematics teachers. The use of technology appears.to be
most effective as an instructional tool when it is integrated
into the classroom rather than being used as an enrichment
activity outside of class. When it is integrated, it not only
enhances learning of geometry concepts but provides a
model for how students can use computers in their own
future classroom. In contrast, when the computer is not
integrated, it is seen as an add on to the "real" mathematics
learning taking place in the classroom. Making the com-
puter an integral part of the course, requires the instructor to
refocus learning objectives in order to merge technology
with mathematics instruction. Finally, the use of dynamic
geometry programs that are integrated into the classroom
appear to place students in a exploratory environment that
not only fosters problem solving but makes both technology
and mathematics less threatening to the student.

Alternative assessments, such as writing, have the
potential to improve learning and instruction in a mathemat-
ics classroom using technology. These procedures force
students to reflect on the process and become aware of the
skills necessary for solving problems in mathematics.
These assessments can improve instruction through
increased communication among students and between
student and teacher. Writing affords the opportunity for the
instructor and student to dialogue on issues or concerns that
are raised in student writings. It is important that as the
instructor reads student writings, she responds with mean-
ingful comments. These comments can provide the
opportunity for one on one student teacher interaction. It is
through increased communication that the instructor
becomes more aware of the student's thinking processes and
attitudes.

Finally, preservice teachers are beginning to seriously
reflect on how one goes about the business of doing
mathematics. This is a necessary step in their preparation as
teachers. In order to teach children to become problem
solvers, they need to learn how problem solving skills
develop. In addition, they need more experience with this
form of learning than they have experienced in previous
mathematics courses. The integrated use of the computer
provides a problem solving environment for students while
the use of writing provides an opportunity for reflection on
the part of the student and a window on this process for the
teacher.
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There is a generation of elementary and secondary
students who have lost interest in mathematics and science.
Consequently, there is a continuous call for innovative
teaching strategies to recapture fascination with these
disciplines. The Division of Behavioral Sciences and
Education at the Pennsylvania State University-Harrisburg
has undertaken a two-year grant project designed to answer,
in part, this call. The project seeks to implement the power
of CAI and multimedia within secondary mathematics
programs in three Harrisburg-area school districts. Towards
this end, one phase of the project will provide mathematics
teachers with formal training in a popular CAI authoring
system in order for them to develop, field-test, and imple-
ment their own CAI classroom applications.

The choice of instructional strategies and how they are
used in a program are key in creating quality courseware
(Nolan, 1984). In order for the teachers in the grant project
to produce truly effective CAI programs, their authoring
mining cannot occur in a technical vacuum but must occur
within the contexts of CAI design issues and mathematics
education. Towards this end, the paper will first examine
instnictional strategies found in professionally developed
CAI programs that may be applicable for teacher-developed
programs. Next, the paper will look at cognitive and
affective instructional factors that are unique to mathematics
and have potential impact on the effectiveness of CAI.
Finally, since math CAI programs usually follow one of the
three approaches of drill-and-practice, tutorial, and problem
solving/simulation, these will be considered throughout the
discussion, along with the various math disciplines, such as
algebra and geometry.

Professionally Developed Programs
CAI programs considered in this section include large-

scale, multi-user courseware projects such as PLATO,
smaller-scale, sophisticated software such as Sensei Algebra
(Broderbund), and CAI with characteristics of both. Several
key design features emerge from literature that can apply to
CAI developed by teachers for their individual classrooms.
These design features include built-in management tech-
r'-ues, sophisticated branching, user-friendliness, use of
rh Aiumedia, high levels of interactivity, strong correlation
with curriculum objectives, and the integration of higher-
order thinking.

Built-in Management Techn;ques
Built-in management techniques in the CAI courseware

range from the very comprehensive computer-managed
instruction (CMI) to piecemeal CMI elements. Middle-
school and high-school mathematics teachers have consis-
tently reported concerns over administrative tasks required
when using CAI; and teachers and students have reported
satisfaction with CAI features that perform record keeping
and reporting functions (e.g., Beyer, 1991; Guerrero &
Swan, 1988). Some of the large-scale programs (e.g.,
Computer Curriculum Corporation's basic skills programs,
Comprehensive Competencies Program, Corvus/Ideal) often
have record keeping functions that maintain a performance
history of each student, including lesson tracking, test
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scores, and performance times and trials. Further, some of
the programs use this information to "call" the teacher at
strategic points (Jensen, 1985) and to diagnose mastery and
then prescribe individual lessons and levels for students.
Although extensive record keeping is not necessary with a
narrower CAI program focus, a data base should be used to
store information about a student's progress that can later be
analyzed for types of errors, curriculum placement, and
less" :1 progress.

Arformance reports, which can be generated from a
data base, can serve several purposes for teachers and
students. First, individual summary reports can provide
individual profiles of low and high performance areas, skills
mastered, and progress over time (cf. Guerrero & Swan,
1988). Second, reports can track class performance, which
may be especially useful for grouping students and for
communicating with parents. Finally, Clariana & Smith
(1989) found that providing low-level math students with
reports of their CAI progress improved their course
completion rates and achievement over those students not
receiving reports. Reports can serve as a tangible form of
feedback and should be implemented if even to a limited
degree.

Branching
CAI authors must determine how users will travel

through a program. Price (1991) identifies four types of
branching beyond a linear program flow. Learner-directed
branching allows some learner control, which can be an
important feature for math CAI success. Price writes, "One
of the most important factors in learners' perceptions of a
CAI program is the extent to which learners perceive they
have control over the program." (p.139) Rubincam and
Olivier (1985) found that when students in a CAJ transfor-
mational geometry course were allowed to choose topic
objectives and whether to have instruction or tests first,
some students adopted a learner control strategy (e.g., test
first, instuction later), outperforming students who did not.
In the program Sensei Algebra (Broderbund) students can
select the presentation method that best matches their
learning style (Philips, 1993), which net only provides
learner control but provides a better instructional fit.
Learner control is especially important in tutorials and
problem-solving because every student will not solve a
problem the same way (Nolan, 1984). Learner-directed
branching can be accommodated rather easily with menus,
buttons, and other selection devices.

Review branching allows a user another look at the
material that hes already been covered, but with no varia-
tion. By contrast, single-remediation branching provides a
new segment of material with a different approach, new
examples, etc. In mathematics there would be many
applications for review branching, since students often need
to review formulas and processes rather than have new
illustrations or approaches. Review branching is relatively
simple to develop, but there are issues to be considered.
One, decisions about when and where to return students for
review require careful planning. For example, students who
were interviewed after using the PLATO system were
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annoyed at being returned to the beginning of a review
when failing one step (Guerrero & Swan, 1988). Two,
programs with review branching are potentially boring and
die without a developer's creative touch. Authors develop-
ing problem-solving tutorials should resist using review
branching because of the fact that students need different
approaches.

Multiple-remedial branching is considered the most
powerful design option. User input determines the flow of
the program, and there may be as many paths as there are
possible responses from the students. Needless to say, this
is a complex design that requires a lot of time to develop.. It
also has some specific implications for mathematics. For
example, when Sleeman and Smith (1981) implemented a
computer-based modeling system for basic high-school
algebra tasks, they found that both between and within low-
and high-level groups students made different types of mal-
rule errors. It took the researchers over two years to
adequately program the computer to diagnose student
mistakes. Sleeman (1984) later concluded, "...no matter
how carefully an instructional designer plans a sequence of
examples, he can never know all the intermediate steps and
abstracted structures that a pupil will generate while solving
an exercise." (p.18) Other studies (e.g., Davis, Jockusch &
McKnight, 1978, cited in Sleeman; Lewis, 1980, cited in
Sleeman) have found similar results with algebra and
geometry. CAI developers should consider these findings
when attempting to build remedial branchings that second-
guess student errors or even types of errors.

User-friendliness
User-friendly features can include pleasing and consis-

tent screen design, easy navigation, input devices, program
escapes, bookmarks, different help options, security
measures, and well-written documentation. Also, on-screen
calculators are specifically recommended for math pro-
grams (e.g., Goode, 1988).

The aesthetics of screen design are beyond the scope of
this paper, but authors should consider layout, use of color,
and text characteristics in their programs (cf. Price, 1991).
Features such as buttons and simple keystrokes facilitate
navigation and do not distract from program content,
especially if they look the same, appear in the same place,
and operate consistently throughout a program. Since most
secondary students have some keyboarding or typing
experience, keyboards and mice are usually adequate input
devices. However, when content dictates otherwise,
joysticks, light pens, or touch screens might be necessary.
For example, in The Geometric Supposers (Sunburst
Communications) students design their own triangles and
quadrilaterals. A review by Mathis and Hanfling (1986)
suggests that even though the program performs scaling and
uses random points, a joystick, mouse, or drafting pad
would better facilitate portions of the program.

In a classroom situation, time and scheduling are
frequent concerns. Providing escape options throughout a
program or in key places helps students avoid the waste of
time and the frustration caused by being stuck in instruc-
tional, review, or testing segments. Escapes may be
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particularly important when more of a computer-controlled
program flow is used. Bookmarks help efficiency by
marking where a student left off when the bell rang or when
another student took a turn at the computer. It is best if
bookmarks are saved when students quit the program. Drill

programs are less likely to need bookmarks since their
purpose is repetition.

User-friendly authoring systems have help menus and
screens that provide information about commands,
authoring features, etc. Often these are available to both the

author and user so that a developer does not need to create
them. However, content help options need to be built into a

program by the author to give students hints, remind them
of procedures and rules, or recommend specific segments
for review. For example, a student struggling with an
algebra task might ask for or be given an on-screen hint
such as, "Collect all the Xs on the left side and the numbers

on the right." (Sleeman, 1984)
Security measures and documentation are of less

concern with teacher-developed programs, although
password protection should be used when programs
maintain record keeping capabilities (Goode, 1988).
Documentation might take three forms: 1) procedural
documentation for substitute teachers or team teaching; 2)
content documentation that relates CAI objectives with
curriculum, provides lesson plan suggestions, and gives any

necessary background information; 3) student "quick
reference" documentation where help screen are not
adequate (e.g., Nolan, 1984). Teachers and students alike

appreciate simple, easy-to-read manuals, although they
appreciate even more programs that are readily operable

without them!

Curriculum Objectives
"...Support materials that relate softwr.re to curriculum

objectives positively affect the establishment of the com-

puter as an instructional tool." (Rose & Klenow, 1983,
p.33) Surveys of and interviews with high school and
intermediate teachers found correlation between CAI

courseware and district curriculum objectives to be a

primary concern (Beyer, 1991; Guerrero and Swan, 1988).
Teachers developing their own products have an advantage

here because they can create CAI that corresponds step-by-

step with their curricula Whether the CAI is rne instructor
introducing new topics and concepts, the tutor reviewing
strategies for problem solving, or the drill sergeant moving

facts from short- to long-terms memory, the content
includes just what the teacher says needs to be taught.

Multimedia/Interactivity
"...Short bleeps change pitch as each function is

graphed...reinforcing the image of a cyclic sine curve..."

(Steffini & Mathis, 1986) This along with countless other

software review phrases, such as "Excellent color graphics"

and "The animation brings the concept to life," express the
power possessed by CAI over traditional classroom
instruction. The use of sophisticated graphics, sound, and

video clips can serve to motivate and maintain student

interest, simulate events, and bring abstract concepts to life

with powerful visual models (Goode, 1988; Mathis &

Hanfling, 1986; Philips, 1993). Most drill-and-practice
applications derive little instructional benefit from multime-
dia other than to make it more game-like.

Popular programs have a high degree of meaningful
student interaction, as students tend to evaluate programs on
the basis of interest and participation level (Signer, 1983).
There are different means of eliciting user interaction, the
most commonly used being personalized messages,
questioning strategies, feedback, and performance exercises
(e.g., Price, 1991). First, personalized messages can make
the computer experience more friendly, but by themselves
they are a low level of interactivity.

Second, questions can be used to involve the learner
and/or to evaluate knowledge of instructional material. "By

forcing the student to answer questions, the software can
insure that students understand the problem, plan out the use
of a strategy, solve the problem, and then verify the
solution." (Nolan, 1984, p.76) CAI questioning strategies
usually mimic those of traditional instruction (True-False,
multiple choice, matching, short answer, and interpretive),
with the more open-ended being more difficult to program
for responses. Questions should be relevant to content and

not inserted simply for token interaction.
Feedback can be instnictive as well as rewarding, and

feedback is best if it is specific to learner input. Drill
programs will primarily use feedback for rewarding while
practice and tutorial CAI should use both types. Feedback
can help students understand what they have done and why
it worked (Nolan, 1984). For example, after completing
certain steps in a lengthy algorithm, students might receive
feedback that reinforces the steps completed and cheers
them on.

Finally, performance exercises, such as plotting graphs,
drawing triangles and quadrilaterals, and solving proofs,
make use of the computer's interactive and multimedia
capabilities. Exercises can "come to life" with animation
and sound and may be worth the effort and time needed
for authoring a problem-solving tutorial or simulation.

Higher-order Thinking
CAI can be used as a discovery learning tool in math-

ematics, especially when integated with class lessons.
Mathis and Hanfling (1986) write about The Geometric
Supposer, "The software encourages, almost entices,
teachers and students to pose and attempt to prove geomet-
ric hypotheses." (p.44) Nieminen, Carroll and Uguroglu
(1987) reported that when the percentage of computer time

on problem-solving and simulations is greater, CAI is more
successful. Several intermediate-level programs require the

higher-order skills of deductive thinking, patterning,
problem solving and creative thinking (cf. Edwards, 1984).

Integrating CAI with other methods to induce higher-order
thinking will reduce authoring time and challenges.

Math-specific Instructional Factors
A small body of math-specific CAI studies is slowly

accumulating and providing insight into factors that
influence learners' success with CAI and CAI's success
with math. These factors include gender, academic level,
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time spent with CAI, and personalized lessons.

Gender
The study of female math anxiety is not new. As one

example, Kloosterman (1985) gave 124 algebra students
measures of ability, math achievement, and learned
helplessness and found that females were more "learned
helpless" than males and that female learned helplessness
was related to math achievement. With a pedagogical
response to the female math anxiety phenomenon, Damarin
(1988) looked at CAI models and gender issues and
postulated that knowledge about math can affect knowledge
of math. Consequently, organization of math concepts
should be fluid so that learners can structure their knowl-
edge according to their own cognitive structures. Because a
computer is gender-blind, Daxnarin feels it could be useful
in providing non-sexist materials and feedback. However,
Collis (1987) found that high-school girls transferred math
anxiety to computers!

At the elementary and intermediate levels, Hativa and
Shorer (1989) found that boys gain more in practice CAI
than girls and that the gap between them widens with
increased grade levels. In Bums and Bozeman's (1981,
cited in Hativa) mem-analysis of gender and CAI achieve-
ment, 10 studies showed that boys tended to gain more from
CAI math instruction than traditional instruction, but girls
did not show that trend. Regarding gender and attitude,
Hativa (1989) found only one significant difference out of
27 options for liking a CAI drill-and-practice program: girls
disliked the competition with classmates that the CAI work
enforced. In general, however, girls preferred class
arithmetic over CAI. This preference may be in part
attributed tu the male bias in the approach to both math-
ematics and CAI. Johnson & Johnson (1985) reported on
their findings, "...The combination of cooperative learning
and computer-assisted instruction has an especially positive
impact on female students' attitudes toward computers..."
(p.13)

Together, these studies imply that careful consideration
of the differences between how males and females approach
both math and CAI is called for. Transferring the same
"male" organizational structure and approach to computer
instruction may be self-defeating if CAI is to be used to help
overcome gender bias in math.

Academic Level
CAI has been found effective with both low- and high-

achieving populations of students over all grade levels,
including college (e.g., DelForge & Clark, 1989; Guerrero
& Swan, 1988; Reglin, 1989-90). High achievers seem to
learn faster with CAI, sometimes widening the gap between

them and low achievers (e.g., McCallister, Back, Seaman &
Pevoto, 1988), but CAI has been demonstrated to be

effective with low achievers too. This high achieving-low
achieving dichotomy is particularly true fordrill-and-
practice programs; thus, it appears that drill-and-practice
CAI may be best when targeted for a specific group other
than average students (Moore, 1988). Developers might

consider targeting drill-and-practice CM to low or high
achievers and reserving the "average" material for tutorial

CAI. However, these implications should be interpreted
loosely.

Time
Although there is little replication between the scant

number of studies measuring the effects of time on CAI
learning, what there is indicates that amount of time spent
with CAI is a variable for success. In an evaluative study of
the Resource Laboratory Program for CAI for middle-
school Chapter I students, Roberts & Madhere (1990) found
the following: scope of remediation was a factor in greater
accuracy in math skill development; the greater the number
of CAI sessions, the more extensive the scope of
remediation; and skill development was correlated with
performance on the Comprehensive Test of Basic Skills.
McCallister, et al (1988), measured basic skills progress of
adults enrolled in a job training program that used three
types of CAI systems. Length of time with a system
produced more differences in gains than the type of system.
Specifically, subjects with 6 weeks of CAI performed much
higher than those with 4 weeks of CAI time. Finally, sixth-
grade students immersed in CAI (most of every 50-minute
math period for seven months) showed significantly higher
gains from 1983 to 1984 on the Iowa Test of Basic Skills
mathematics raw scores (Ferrell, 1986). Such studies might
influence the purposes set for CAI development, depending
on the schedules set by individual teachers. Amount of time
students will spend with CAI should be related to the
expected level of content mastery. It should be noted that
these studies reflected both drill-and-practice and tutorial
CAL

Personalized Lessons
On the basis of on the theoretical orientation that

contextual properties in math instruction are important for
novice problem-solvers, Ross Morrison, Anand and O'Dell
(1987) studied the effect of personalized CAI word prob-
lems on fifth- and sixth- grade students. Instead of tailoring
content to groups interests the computer was more personal
and solicited individual biographical information from users
to integrate into word problems. Students receiving this
"personal" treatment showed significantly better results on
measures of attitude, formula recognition, and transfer than
did control subjects. The authors caution that grade level
and novelty may have affected the findings, but a subse-
quent pilot study with undergraduate education majors
enrolled in a statistics course showed that they were positive
about word problems centered around a self-selected theme.
Even though positive results can be achieved with paper-
pencil versions, the computer makes personalizing content a
simple procedure. Developers might capitalize on this
capability!

Summary and Conclusions
"Artistic, sensitive, knowledgeable mathematics

teachers must be involved in direct ways with the construc-
tion of effective computer-based mathematics instruction."
(Hatfield, 1984, p.6) Equipping classroom teachets to
produce their own small-scale CM is a very direct way to
involve them in the changing face of education. However,
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because CAI is more than traditional instruction via a
computer, teachers must have an understanding of the
instructional strategies that make effective CAI and of their
implications for authoring mathematics programs. Manage-
ment techniques, branching methods, user-friendly features,
and multimedia and interactivity determine the facility and
interest of a program. An integrated curriculum that
requires higher-order thinking helps determine the instruc-
tional value of a program. Additional factors that can
influence a math program's success are gender, academic
levels, time, and personalized lesson materials.
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Educational software programs that are billed as
"interactive" run the gamut from tutorials to more open-
ended and realistic simulations and microworlds allowing
the user to investigate various "What if..." questions in
different environments. In the case of preservice teacher
education, the environment of interest is the elementary or
secondary classroom. While the unpredictability of human
nature renders it impossible to simulate the exact behavior
of students and teachers in a classroom situation, it is
possible to view a video incident from a real classroom and
ask, "What would you do in this situation if you were the
teacher...?" To bring some of the realistic variables of a
classroom setting into a mathematics methods course for
preservice teachers, mathematics educators at Peabody
College of Vanderbilt University have developed a series of
computer-based activities using HyperCard to contro; a
videodisc player. These programs permit preservice
teachers to investigate various critical issues (or mini-cases)
that arise during a given lesson (Goldman et al., 1993). The
present paper focuses on the development and implementa-
tion of one such activity involving a sixth-grade lesson on
the area of a circle.

Background
The area-of-a-circle lesson simulation is one component

of a HyperCard-based multimedia program called the
Peabody Professional Development School (Barron, 1993;
Barron et al., 1992; Goldman et al., 1993). The architectural
metaphor of the Peabody Professional Development School
(PPDS) uses a floor plan of a hypothetical school for the
opening or "home" card. Resources are organized into
"rooms" and are accessed through icons such as file
cabinets or flip charts in the rooms. Students "entering" the
school sign in at the office (log onto the system) and tell
why they are there (select an assignment or choose the
"browse" mode). For example, in the Demonstration
Classroom, prospective teachers can watch assigned
elementary school mathematics and science lessons.
(Edited versions of the lessons are contained on videodisc.)
A file cabinet in the Demonstration Classroom contains
additional resources for each lesson including written lesson
plans, pupil materials such as tests or practice sheets, and
information about the mathematics involved. A file cabinet
in the Computer Lab contains a database of mathematics
software that can be searched by grade or subject. A flip
chart in the Conference Room enables preservice teachers to
review demonstration lessons and access comments by
participants in the lesson or comments by the methods
course instructor or other personnel. A computer in the
Library accesses several databases such as students'
misconceptions about mathematics (Graeber, Boyer, &
Johnson, 1991) and lesson plans stored on CD-ROM that
are consistent with the Curriculum Standards published by
the National Council of Teachers of Mathematics
(MathFINDER, 1992). Most rooms also contain a com-
puter icon that accesses PacerLink, a communications
package enabling users to connect to the Internet via
Vanderbilt's main computer system.

A distinguishing feature of the PPDS is the inclusion of
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several interactive components that enable users to take
advantage of the multimedia capabilities of random access
video segments and branching to other programs. The
timeline module of the PPDS (Goldman, Barron, and
Witherspoon, 1992) exploits this feature by providing an
on-screen graphic of an entire lesson, any point of which is
instantly accessible with a mouse click. This graphic
representation consists of a sequentially labeled horizontal
timeline, allowing the user to view pre-defined subsections
of the lesson. As the video plays, the correspondence of the
video to timeline is updated by a moving progress bar. This
timeline card also includes an on-line note-taking feature. If
the user wishes to comment on a section of video, a click on
the notebook icon will halt the videodisc player while a
notebook entry is created. The notebook entry contains the
beginning and ending frames of the segment of interest
along with the user's annotated comment. A completed
notebook entry icon is inserted into the timeline indicating
its position relative to the lesson. Since the viewer has
logged onto the system, the course instructor can retrieve
the notebooks of the students who have analyzed the lesson.
The software also allows the user to create a stand-alone
HyperCard presentation stack of the completed notebook
entries. Students in the methods classes have used this
feature to create multimedia class presentations.

Area Of A Circle Lesson
Recent research has shown that preservice teachers'

learning can be enhanced when they are faced with situa-
tions that evoke doubt and/or surprise regarding their
established beliefs about the teaching and learning of
mathematics (Ball, Lampert & Rosenberg, 1993, National
Council of Teachers of Mathematics Professional Standards,
1991). It is important that these situations appear realistic
and meaningful as opposed to ersatz exercises. According
to the proponents of situated cognition, exposing students to
authentic activities enables them to recognize and resolve
ill-defined problems (Brown, Collins, & Duguid, 1989).
Our use of critical lesson incidents as mini-cases enable
preservise teachers to see how several unforeseen problems
can arise during a real lesson. To facilitate discussion
between the preservice teacher groups, the HyperCard
programs contain discussion questions designed to highlight
teacher decision-making and to elicit different hypotheses
regarding the nature of the classroom students' understand-
ings. Once groups have discussed their answers to the
questions., the simulation asks them to type in their re-
sponses for later analysis.

Given the fast pace and complex interactions that occur
in actual classrooms, the use of integrated media technology
can provide a common basis for communication as well as
an environment that is more conducive to analysis. This is
particularly advantageous when working with preservice
teachers whose predominant frame of reference for inter-
preting what goes on in a classroom is heavily influenced by

their own schooling experiences (Ball, 1990; Lortie, 1975).

The area-of-a-circle simulation was developed to facilitate
the study of classroom interactions involving pedagogical
tensions and content issues that teachers face. This is

accomplished by highlighting some of the critical incidents
that occur in the lesson to tease out some of the preservice
teachers' interpretations. Further, by asking groups of
preservice teachers to consider what they would do if they
were the teacher in the situation, conversations focusing on
these tensions may confront and challenge their beliefs
about what it means to know and teach mathematics. The
assumption is that the technology will function as a catalyst
for group discussion and is not intended to portray any
"correct" methodologies.

Pedagogical Stack
The area-of-a-circle lesson is divided into two separate

stacks, one concentrating on pedagogical issues that arise
during the lesson, and the other focusing on the mathemati-
cal content presented. The pedagogical stack presents
multiple perspectives of this lesson to give preservice
teachers an enhanced framework for interpreting different
events. As the lesson progresses, various critical incidents
occur in which teaching decisions must be made. At each of
these points, the stack controlling the videodisc player stops
the lesson and gives the users the opportunity to view pre-
recorded interviews featuring different participants'
analyses of the incidents. For example, one recurring theme
is the tension that teachers experience when they realize that
some students are not fully understanding the lesson. Do
they stop and review the material, or do they continue and
hope that those confused will catch on? This tension builds
when one considers the pressure of fully developing the
concept (the area of circle formula in this case) in the time
allotted. Videodisc-based interviews with the teacher,
mathematics education professors, and classroom manage-
ment specialists address this issue and give preservice
teachers several perspectives on this tension.

A second theme that is highlighted in the pedagogical
stack is the establishment of an atmosphere that is condu-
cive to learning. The experienced teacher featured in this
lesson makes a conscious attempt to involve all students and
incorporate all opinions in the class discourse. The card
illustrated in Figure 1 contains buttons accessing interviews
with the teacher and parents that enable the preservice
teachers to analyze how the teacher's efforts were viewed
by the participants.

Content Stack
A second stack, also centered around the area-of-a-circle

lesson, highlights some of the content issues that arise in the
lesson. For example, the HyperCard stack controlling the
videodisc player stops the lesson just after a student in the
class makes the (incorrect) suggestion that the area formula
for a parallelogram is the same as that for a rectangle (she
suggests that the area of a parallelogram can be found by
multiplying the lengths of adjacent sides). At this point in
the simulation, the video is stopped and the preservice
teachers are asked how they, as teachers, would handle this
suggestion. (In analyzing videotapes of preservice teachers
discussing this incident, a number of them have the same
misconception.) After the users have typed in their re-
sponses, the videodisc then resumes and the actual class-
room teacher's actions are viewed. Although the teacher
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Classroom
Environment

Discusskm Topic:
How would you characterize the classroom environment?

Consider the following:

What implicit norms for communication were set up in this
class?

What messages was the teacher trying to convey?

Go to index

Teacher comment Parent I comment Parent 2 comment

Figure 1 . Card from pedagogy stack examining multiple
perspectives of the classroom environment.

uses a series of examples to convince the students that
parallelograms with same side lengths have different areas,
some of the students in the class are still not convinced. The
video stops again and the users are prompted to think of
other ways they could help children discover that the area of
a parallelogram depends on the altitude and not the slant
height.

One of the new additions to this simulation is the ability
to access the Geometer's Sketchpad. This software is a
dynamic geometry micro-world that resembles a drawing
program with construction tools. Users can construct and
manipulate geometric figures to investigate and justify
various propositions. Including The Geometer's Sketchpad
in this simulation enables preservice teachers to explore
why the formula for the area of a parallelogram is not the
product of adjacent sides. As Figure 2 illustrates, this is
done by animating a parallelogram to show how the area
decreases as its altitude decreases even if the corresponding
side lengths remain the same. This animation recreates
what the sixth-grade teacher sketched on the chalkboard to
"show" that the area formula of a general parallelogram is
not the same as that for a rectangle. The portrayal of the
parallelogram as "blowing over in the wind" refers to the
teacher's description of how a parallelogram differs from a
rectangle. In an interview after the lesson, one student
revealed how this terminology led her to believe that the
two areas were the same.

A second purpose for integrating the Geometer's
Sketchpad into this program is to illustrate how other micro-
world programs can be implemented into the mathematics
curriculum to fa.cilitate the exploration of geometric
concepts. By exposing preservice teachers to various
applications of technology, they may be more inclined to
use them in their own classrooms. For several semesters,

we have administered an attitude instrument at the begin-
ning and end of the elementary methods course and each
semester have found significant improvements in preservice
teachers' attitudes toward their ability to use technology in
their own teaching. In the most recent use of the area-of-a-
circle simulation, a preservice teacher discussed how she
wanted to use The Geometer's Sketchpad program in her
student teaching class and asked for more information and a
user's manual.

Implementation
The area-of-a-circle video materials and software have

been under development for three years. The process of
revising and extending these materials has been driven by
class observations, input from methods instructors, and
written evaluations from preservice teachers. Originally,
one HyperCard stack was created to integrate both content
and pedagogical themes. When this version was used,
approximately three 50- minute class periods were devoted
to activities pertaining to the area-of-a-circle lesson includ-
ing review of computer-based ancillary materials such as the
teacher's lesson plan and an animation illustrating the
content, the simulation using the stack, and follow-up class
discussion. The methods course students completed the
simulation activity with the stack working in small groups at
video stations in the computer lab on campus. The simula-
tion, however, was difficult to complete in one class period
and yet, it was decided, did not warrant additional class time
when competing goals and activities of the course were
considered. A second consideration for modifying the
original version of the stack was that students found the
focus to be unclear. By separating the original stack into
two stacks, one central theme could be considered at a time.
In the most recent implementation of the area-of-a-circle
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lesson simulation, the teacher education students, situated at
the video stations in the computer lab, discussed the content
stack during the first part of the class period. The instructor
then, in a presentation format, selected portions of the
pedagogy stack to lead a class discussion focusing on
critical pedagogical incidents that occurred in the lesson.
An alternative implementation model considered for the
future is to have students use one simulation in class and
complete an assignment with the other stack outside the
class.

For class sessions involving interactive video, groups of
three or four are situated at video stations containing a
Macintosh LC II computer and monitor, and a videodisc
player and monitor. On the basis of written comments, the
group numbers have been limited to no more than four to a
station to alleviate overcrowding. During early implementa-
tions the sound from six different videodisc stations all
playing different segments was distracting. To alleviate this
sound distraction, headphone connector boxes were created
to enable each group member to hear only their own video
sound.

Assessment
Various forms of assessment have been used to evaluate

the effectiveness of the area-of-a-circle lesson simulation.
Through anonymous written evaluations, preservice
teachers have expressed positive reactions as well as some
constructive suggestions that have influenced design
revisions. The methods course students have also been
asked to describe what insights and understanding they
gained from participating in the activity. Nearly half
mentioned the importance of teacher reflection, the use of
manipulatives, and the active involvement of learners

(Barron, 1993).
A second form of assessment of the area-of-a-circle

lesson has included asking groups of two or three students
to design a lesson plan for a related lesson. Methods used in
the students' lesson plans were compared to those presented
in the area-of-a-circle lesson. Students incorporated several
teaching techniques from the video lesson into the lesson
plans they produced. In particular, they emphasized clearly
stated objectives, review of previous material, incorporation
of estimation, use of calculators and manipulatives, and
evidence of anticipation of pupil difficulties or misconcep-
tions (Barron, 1993).

New forms of assessment are presently concentrating on
how effective the simulation materials are in stimulating
discourse among group of students. If researchers concep-
tualize learning as a socially constructed and negotiated
process, assessment must be devised accordingly. For this
reason, preservice teachers engaged in the simulation are
being videotaped and audiotaped to gain a deeper under-
standing of their interactions. Analyses of the transcribed
discourse enable researchers to engage in a reflective
process of examining the content and patterns of the
students' conversations. Additionally, this opportunity
allows the developers of the simulation activity to re-
examine the goal of the simulation as well as those of
preservice teacher education in the methods courses. As
Balacheff (1991) suggests, research must become an
interactive process in which the researchers and informants
engage in discussion interpretation. To this end, volunteer
preservice teachers are also being interviewed to gain a
broader view of their constructed understandings and
reactions to the simulations.

Area Demonstration

Double-click on the
"Animate button.

" Animate

Click the mouse
onoe to stop.

In this animation, the height of the parallelogram decreases until it
is completely flat. Note that the length and width of the
parallelogram remain constant, but the height decreases. In this
way, the rectangle appears to be "bloving over in the wind."

Consider the height of the parallelogram. What
happens to the area as the height decreases?

What does the yellow area indicate?

Figure 2. Geometer's Sketchpad actMty Illustrating the difference between area of a
parallelogram and rectangle having corresponding sides of equal length.
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After several passes through the cycle of development,
implementation, evaluation, and revision of the simulations,
insights into the process of preservice teacher education
have been gained. Overall, the use of technology has
proven fruitful but labor-intensive. That is. the time devoted
to preparing class handouts, setting up the computer lab, and
developing appropriate activities has been demanding. The
attempt to introduce simulated classroom situations has
successfully elicited changes in preservice teachers' written
responses, but the question of whether a chanee in episte-
mology has occurred cannot be measured without viewing
these teachers in their first years on the job. Several benefits
of the simulation have been determined: 1) the use of
technology enables methods instructors to present problem-
atic situations within a realistic context, 2) independent,
reflective thinking appears to be encouraged through the
small group format and the use of an integrated media
environment that permits students to proceed through the
simulation at their own pace and work independently, and 3)
introducing technology within the preservice curriculum
supports Brooks' (1990) assumption that if first year
teachers are expected to be innovative users of technology,
then they must be exposed to it at all levels of their prepara-
tory education. The area-of-a-circle simulation and related
micro-world programs are designed to help preservice
teachers enhance their understanding of mathematical
concepts and to enable them to reflect on pedagogical
practices by considering multiple perspectives.

This work is supported by grants from the National
Science Foundation (#TPE-8751472, #TPE-8950310,
#TPE-9053862, and #TPE-9154067). Project staff, in
addition to the authors, includes Otto Bassler, Janice
Altman, and John Harwood. Any opinions, findings, and
conclusions expressed in this paper are those of the authors
and do not necessarily reflect the views of the National
Science Foundation.

References
Balacheff. N. (1990). Future perspectives for research in the

psychology of mathematics education. In P. Nesher and J.
Kilpatrick (Eds.), Mathematics and Cognition: A Researrh
Synthesis by the International Group for the Psychology of
Mathematics Frhrration, (pp. 135-148). Cambridge, UK:
Cambridge University Press.

Ball. D. L. (1990). The mathematical understandings that
prospective teachers bring to teacher education. The Elemen-
tary School Journal, 90(4), 449-466.

Ball, D., Lampert, M., & Rosenberg. M. (1993, April). Using
multimedia technology to support a new pedagogy of teacher
education. Invited address at the annual meeting of the
American Educational Research Association, Atlanta.

Barron. L. (1993, April). Using cases as a pedagogical technique
in an elementary mathematics methods course: An example
using integrated media technology. Paper presented at the

annual meeting of the American Educational Research
Association. Atlanta

5

Barron, L., Bassler, 0., Goldman, E., Goin, L., Starnes, L.,
Whitenack, J., Altman, J. & Harwood, J. (1992). A profes-
sional development school metaphor for organizing integrated
media activities in mathematics education. Paper presented at
the annual meeting of the American Educational Research
Association. San Francisco.

Brooks, D. & Kopp, T. (1990). Technology in teacher education.
Handbook of Research on Teacher E.ducation. Houston.
Haberman, eds. New York: Macmillan.

Brown, Collins, & Duguid. (1989). Situated cognition and the
culture of learning. FAucational Researcher, 18(1), 32-41.

Educational Development Center, Inc. (1992). MathFINDER: A
Collection of Resources for Mathematics Reform. The
Learning Team.

Goldman, E. S., Barron, L. C. & Witherspoon, M. L. (1992,
April). Integrated media activities for mathematics teacher
education: Design and implementation issues. Paper
presented at the annual meeting of the American Educational
Research Association, San Francisco.

Goldman, E., Barron, L., Bassler, 0., Hofwolt. C., Johnston. J.,
Kinach, K., Whitenack. J. (1993, April). Developing
integrated media cases from preservice field placement
lessons. Paper presented at the annual meeting of the
American Educational Research Association, Atlanta,

Graeber, A., Boyer, E., & Johnson, M. (1991). Insights: Students'
understanding of secondary school mathematics [Computer
program]. College Park, MD: The University of Maryland.
(Produced in association with National Science Foundation
Grant No. TEI-8751456).

Lortie, D. C. (1975). Schoolteacher: A Sociological Study.
Chicago: University of Chicago Press.

National Council of Teachers of Mathematics (1991). Professional
standards for teaching mathematics. Reston, VA: National
Council of Teachers of Mathematics.

Janet Bowers is an Assistant Professor of Mathematics
Education at the Peabody College of Vanderbilt University,
Nashville, M 37203. e-mail:
BOWERJSJ@ CTRVAXVANDERBILT.EDU

Linda Barron is an Research Assistant Professor of
Mathematics Education at the Peabody College of
Vanderbilt University, Nashville, 7N 37203.

Elizabeth Goldman is a Graduate Student in Technology in
Education at the Peabody College of Vanderbilt University,
Nashville, 7N 37203.

Mathematics 519
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The first phase of integrating information technology
into the teacher training curriculum at Brockport began in
the Fall semester of 1990 when the Elementary Mathemat-
ics Methods course was taught in the new computer
laboratory facility. The hardware and software which make
up most of the laboratory were received through a grant
from the IBM Corporation. The equipment arrived on the
Brockport campus during the Spring semester of 1990 and
the laboratory set up in the late summer.

The heart of the Teacher Education Computer Labora-
tory is based on a Local Area Network (LAN) of fifteen
(15) IBM PS/2 Model 25s running on a Base Band network
with an IBM PS/2 Model 80 as the file server. All IBM
educational software is available to teacher education
students on the file server. There are also two (2) IBM
Proprinter HI dot matrix printers attached to the network. In
the near future, the network will be tied to the outside world
by means of a modem.

The focus of the grant was to implement computer and
information technology into all aspects of the teacher
training programs at Brockport. This would assure that new
teachers entering the field will have the background and
experience necessary to use the equipment they will find in
the schools. It would also benefit the present school
teachers in that they will be getting new colleagues who
have been trained in the use of technology and can help
them acquire essential skills.

Technology in the Classroom
The implementation of information technology into the

teacher training curriculum focused initially on the Elemen-
tary Mathematics Methods course taught by the principal
investigator. Since the grant provided considerable software
in the elementary mathematics area, this was a good place to
begin.

The Elementary Mathematics Methods course was
replaced in the fall semester of 1992 with Applications of
Teaching, of which one segment deals with mathematics
methods. This new course is the second in a sequence that
the elementary preservice students take. The course
preceding it is called Dimensions of Teaching and can be
thought of as a generic methods course.

Students in the Dimensions of Teaching course receive
four three hour sessions in the computer lab to acquaint
them with the computer and Microsoft Works to assist them
in personal productivity. One session is devoted to word
processing, one to the use of the spreadsheet as a grade
book, one to the use of the data base for ma:ntaining student
records, and one to the integration of word processing and
the data base to create form letters for students. In addition,
this period of time is used to introduce the students to the
use of the local area network as part of their everyday
practice.

The mathematics methods component of the Application
of Teaching course meets for a total of twelve (12) ninety
minute sessions. Eleven of those sessions included the use
of information technology as it related to the teaching of
elementary mathematics. Each session is focused on a topic
and the lecture presentation, manipulative activities, and
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computer activities center around that topic. The topic areas
are shown in the table below along with the manipulative
materials and software used for each class.

Each class session was subdivided into three parts. First
a lecture/discussion of the topic and a follow up to any
questions regarding the readings done. Next, each class had
some kind of hands-on activity to introduce the students to
the use of concrete materials and how to instruct children
with those materials. Finally, for the last part of each class,
the students were assigned specific software packages to use
from the file server. The software used was the Mathemat-
ics Concepts - Level I, Level II, Level Di, and Level IV,
published by MM. Specific parts of this software were
selected to reinforce the lecture/discussion and manipulative
parts of the class. For example, after a discussion of the use
of Base 10 Blocks to teach addition and subtraction of
whole numbers, and after actual hands-on exercises with
those materials, the students would use one of the softy/1re
packages which visually manipulated icons representing the
same concrete materials.

Evaluation
During each semester two techniques were employed to

measure the effectiveness of the implementation of comput-
ers into the Elementary Preservice program. First the
Microcomputer Attitude Scale developed by Abdel-Gaid,
Cecil R. Trueblood, and Robert L. Shrigley and published in
the Journal of Research in Science Teaching, December,
1986, was given as both a pretest and a posttest to see if any
shift in group attitudes towards computers could be detected
after spending a semester using them in a class situation.

Second, a randomly selected group of students from the
class were given exit interviews to determine their feelings
toward the class and particularly the use of computers in
that class.

Microcomputer Attitude Scale
The Microcomputer Attitude Scale is composed of

twenty-three questions which focused on the student's
attitudes in five general areas:
1. The importance of microcomputers in the s:hools
2. Student and teacher attitudes and anxieties toward

microcomputers
3. The effect of computers on student achievement and

thinking skills
4. Teacher/student involvement (extra work load, student

contact, etc.)
5. The importance of programming skills

The students in this study appeared to be quite sophisti-
cated in their views of the importance of computers in the
public school curriculum. This resulted in high positive
attitudes on the pretest and no significant change in scores
on the posttest for those questions. The implication is that
this group of students believes that microcomputers are very
important in the public school classroom and that belief did

not change during the semester.
Questions related to the role or importance of program-

ming to both students and teachers has a similar response
pattern. In fact, the semester of exposure to computers and
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educational software served to strengthen the student
concept that programming skills are not important for either
teacher of student in the public schools.

Questions related to teacher/student involvement
indicated two major changes in attitude. The students in this
study began the semester feeling that all teachers should be
taught how to use microcomputers and ended the semester
with an even stronger feeling that such training was
necessary. On the other hand, these students began the
semester feeling that too much attention and emphasis was
being given to computer technology which detracted from
the real problems in the schools. By the end of the semester
that position had changed significantly and the students felt
that such a detraction did not exist or that the emphasis on
technology was warranted.

One of the two areas with the largest number of
significant change in mean scores was where the questions
dealt with student and teacher attitudes and anxiety. The
attitude of the students shifted significantly from the belief
that both teachers and students would have increased
anxiety with the increased use of microcomputers. There
was also a significant shift from the pretest belief that
microcomputers would not improve student attitudes toward
school subjects. In addition, the students changed their
attitude that microcomputers would decrease the amount of
teacher-pupil interaction in schools between the pretest and
the posttest.

The last area in which the students in this study showed
a significant attitude change over the semester is that of
student achievement and thinking skills. The students
began the semester feeling that microcomputers would not
make better thinkers of their pupils and that standardized
test scores and traditional skills would decrease. This
attitude was reversed by the end of the semester after the
students had the opportunity to work first hand with some of
the available software.

Exit Interviews
Exit interviews were conducted with groups of ran-

domly selected students upon completion of the classes.
These groups completed a brief short-response question-
naire and participated in an open-ended discussion regard-
ing use of the computer classroom. The instructor was not
present at this session to encourrge =dents to speak freely.

The written portion included a question regarding prior
computer experience which would be expected to temper
students' familiarity with and use of computers in the
classroom. The results showed a fairly sophisticated
sample. In approximately two-thirds of this sample,
students reported using a computer at home, half reported
using the computer at least monthly, and the remaining
students used the computer weekly or more frequently.

When asked how the use of the computer added or
detracted from the class, all respondents felt that the
computer added to their learning experience. Specifically,
students mentioned that using the computer showed another
way to teach and reinforce mathematics concepts covered in
class, and more importantly, was a great alternative to dittos.

Students were of a divided opinion when asked if
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Table 1
The mathematics methods component of the Application of Teaching course

TOPIC AREA MANIPULATIVES SOFTWARE

Pre-Number Concepts
Mathematics Learning

Numeration Systems
& Other Number
Bases

Addition and
Subtraction
of Whole Numbers

Multiplication and
Division
of Whole Numbers

Number Theory

Rational Numbers

Computers in
the Classroom

Geometry

Measurement

Organizing,
Representing,
& Interpreting Data

Problem Solving,
Diagnosis & Planning
for Instruction

Attribute Blocks

Multi-Base Blocks in
base 10, base 5 & base 6

Multi-Base Blocks in
base 5 & base 6

Multi-Base Blocks in
base 5 & base 6

Balance Beams
Sieve of Eratosthenes

Fraction Circles &
Fraction Bars

Videotape of Project
Ulysses

Geoboards

Trundle wheel, meter
sticks, inclinometer, etc.

Unifix Cubes with activities
related to data gathered from
students (birthdays, etc.)

Mobius Strip, puzzles,
games, problems, and
lesson plan worksheets

Moptown Parade, Mea-
surement, Time & Money

Math Concepts - Level P &
Level I - Activities using
Blocks to show quantities

Math Concepts - Level P &
Level I - Block activities -
Addition & Subtraction

Math Concepts - Level I &
Level 1:1 - Block activities
Multiplication & Division

Math Concepts - Level II
- Comparing Fractions

Math Concepts Level III
Operations with Fractions

Primary Editor Plus

Math Concepts - Level III
- Geometry Activities

Measurement, Time &
Money - Measure It

Measurement, Time &
Money - Graph Maker
Tool

Word Processing & Spread
Sheet in Microsoft Works

computers in the class helped their understanding of the
material. While most felt that it was useful to have some
experience with the different software available, they
pointed out that the concepts illustrated were things they
should already have mastered. Students who already
understood the concepts projected that classroom use of a
computer could then degenerate to 'busy work' when the
novelty wore off. Still, at least a quarter of those asked
believed that the software (though elementary) did provide a
review of their own basic math skills.

Those who got the most out of experience with the
software reported using it to concentrate on the steps and

process used to accomplish various learning tasks. They
focused on ways these steps and processes could be
imparted to new learners (both with and without comput-
ers). One mentioned that use of computers as another visual
aid for presenting information was always helpful in
understanding math.

When asked if they could envision themselves using
computers in their own teaching classrooms, the groups all
said yes. A few qualified their response, hoping for a tighter
integration of computers and software use for mathematics
education with computer use for other subject areas as well
as classroom management tasks. Summing up their feelings
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was the comment that "Computers are the future; we all
need to know how to use them."

An open-ended discussion on feedback on use of the lab
followed. Highlights of comments are shown below:

Using computers reinforced their own learning processes
and they projected that it will do the same for their future
students.
They felt the computer work did include a component
related to learning at a manipulative level because
students had to push a button and it can provide tactile,
auditory, and visual feedback.
Computers can lose their advantage when the novelty of
using the software wears off or becomes predictable.
Students envisioned that noise could be bothersome; it
was suggested that the audio effects of the software be
muted in a classroom situation. Headsets (although
awkward) were mentioned as an alternative.
Computers should be used to reinforce concepts but
were generally not concrete enough to intoduce
concepts.
Computers cannot replace good teaching; but should be
used to reinforce learning, as a motivator and as a
reward.
In evaluating software, it was suggested that instead of
the student teachers doing it, actual elementary and
secondary students should be brought in and their
responses observed. How does it work with younger
learners?
They felt that computers and educational software
should have been integrated into their curriculum earlier
and integrated into their other methods courses. They
reported that some students from previous semesters felt
cheated in not having had computer experience.
They did not want to take time away from the methods
classes, but suggested perhaps working with computers
in a separate lab on material closely related to v.hat was
being covered in the methods course.
They did not feel that integrating computers into the
curriculum was an added burden.
In terms of their future, these students knew that
computers are useful, not a fad, and there is no way to go
backward to precomputer days.
They were definitely used to seeing computers (gener-
ally Apples) in the participating schools they were
student teaching at and were interested in receiving
information for funding of computers in their schools.
They indicated they would actively campaign for getting
computers in classrooms that did not have them.
The role and importance of using computers with special
education students was also mentioned.

Future Directions
After working with the r 'assroom LAN for a period of

four semesters and evaluat...g the process, some changes
have been planned for the future. First, we are moving to
establish model classrooms in two or three other rooms
using two to four computers hooked into the network. This
will give the science, social studies, and language arts

Li

methods classes access to the network in their normal daily
classroom which in turn should lead to the future teachers
integration into their daily routines. Second, we are
attempting to establish an electronic classroom where the
medium of instruction would be computer based which
would give the future teachers a model of how to use the
technology in the instructional setting. Finally, students will
be required to use the microcomputer lab more during hours
outside class and assignments will be recorded on the
network itself saving time and paperwork for the instructor.

Conclusions
The first four semesters of implementation of the new

IBM classroom LAN have been very successful. In a
period of a few short weeks student attitudes were changed
significantly and in a positive direction. The mission of the
project was to produce teachers who were not only comfort-
able with the technology, but were capable of implementing
it in their own daily teaching. We believe we've come a
long way in that direction in a short period of time.
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The purpose of the project described here is to develop a
computer-assisted mathematics tutorial using HyperCard for
"at-risk" preservice educators specializing in primary and
early childhood. This paper will focus specifically on
pedagogical aspects of the tutorial package design because
in order to fully exploit the potential of a hypertutor system
it is important to consider the leat ning principles underlying
its use (Huston, 1990). Before discussing the learning
principles underlying the design of the tutorial, however, let
us consider briefly the background of the project and the
reason for its importance.

Background
This project arose from long-time concern about the

inadequacy of mathematical skills of many students entering
primary and early childhood education courses at the
Launceston campus of the University of Tasmania. A range
of tests has indicated that many of these students perform
below acceptable levels. This lack of sufficient mathemati-
cal skills continues to be a problem despite the importance
of primary and early childhood teachers being at least
functionally competent at mathematics (Department of
Employment, Education and Training, Australia, 1989).
This problem is not confined only to a local context. It
exists on a much wider basis and is further compounded by
the fact that many preservice primary and early childhood
students have poor attitudes towards mathematics (Aiken,
1976; Clark-Meeks, Quisenberry and Mouw, 1982). A
potential consequence of not addressing the problem is that
preservice teachers with low skills and high mathematics
anxiety become "teachers who lack confidence in math-
ematics and, as a result, are reluctant and ineffective
mathematics teachers who find it difficult to adapt new
curricula into their classrooms .... another generation of
teachers who are deficient in mathematics is created, thus
perpetuating the cycle" (Bitter, 1987, pp. 106-7).

In AllstZlis, the national Discipline Review of Teacher
Education in Mathematics and Science Education (Depart-
ment of Employment, Education and Training, Australia,
1989) recommended that institutions take steps to guarantee
that graduating students have sound mathematical knowl-
edge, are competent in lower secondary mathematics, and
have developed a positive attitude towards the subject"
(Volume 1, p. 68). With recent developments in computer
technology, and particularly in the area of computer assisted
learning (CAL), it is opportune to explore the use of a
teaching medium which can be administered to individual
or small groups of students, will allow for the monitoring of
their progress, and will teach the basic skills and knowledge
they need to participate effectively in the regular mathemat-
ics education program.

While studies have found CAL remediation to be at least
as effective in producing correct answers on post-treatment
tests as other types of remediation (Bitter and Cameron
,1988; Tirosh, Tirosh, Graeber and Wilson, 1991; Plomp,
Pilon and Reinen, 1991), it also offers some advantages
which other forms of remediation do not. These advantages
include economic considerations (Plomp et al. 1991; Bitter
and Cameron, 1988), the motivational effect of allowing
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students to work individually and be self-paced (Plomp et
al. 1991), the personalised nature of the interaction between
computer and user, the endless patience of the computer,
and its ability to communicate individually and on a non-
threatening basis (Bitter and Cameron, 1988).

One of the main advantages of computer assisted
instruction is its potential to provide individual programs to
suit the different nee4s and learning styles of students, in a
way which would not be practical in a group lecture or
tutorial (Ross and Anand, 1987). Other advantages are the
availability of immediate feedback, individualised pro-
grams, student control of pace, sequencing and content
(Bourne, 1990). Furthermore, regardless of the length of
time or number of attempts the student needs to complete
the program, all students will end up having achieved
consistent outcomes, an endpoint which is not as easily
achievable with a one-off lecture or tutorial (Bourne. 1990).

Design Features of the TUtorial Package
The pedagogical framework for the tutorial is based on

the Hypertutor Model proposed by Johnson and Grover
(1993). This model incorporates five parameters: presenta-
tion, learning resources, learner control, practice, and
feedback. Each of these will now be discussed in relation to
the tutorial package.

Presentation
Presentation is mainly concerned with design issues

such as general screen formats, visual design issues, special
visual effects and choice of fonts which are outside the

scope of this paper but have been discussed elsewhere
(James and Tap lin, 1993). However, a pedagogical issue
discussed in this category by Johnson and Grover(1993) is

the content of the tutorial and the logical sequencing of the

content.
Content is clearly critical to the effectiveness of the

tutorial, so the processes involved in deciding this content
will be discussed here in some detail. The aim of the

tutorial is to provide opportunity for the development of
adequate mathematical knowledge according to students'
specific needs. One important question which needs to be

addressed in the design of this remediation package is that

of what constitutes adequate mathematical knowledge
(Simon, 1993). Simon (1993) and Eisenhart, Borko,
Underhill, Brown, Jones and Agard (1993) discuss two

types of knowledge which are important for teachers to have

in order to be effective in teaching a mathematical concept.

One of these is procedural knowledge, which refers to

knowledge of the rules, procedures and symbols needed to

complete the task. The other is conceptual knowledge
which refers to the ability to understand the concept and

connect or apply the pieces of knowledge. They suggest
that teachers tend to place a great deal of emphasis on
procedural knowledge and little on conceptual knowledge.

Thus it is important for student teachers to be suitably

equipped to provide a more even balance between the two.

In order to facilitate this balance between conceptual and
procedural knowledge it will be necessary to restrict the

breadth of content which could be covered by this package

and to focus on the most serious problems which the student
teachers demonstrate. It must be noted, too, that this
empirical aspect of mathematics is only one of the three
categories of mathematical content suggested by the
National Council for Teachers of Mathematics (Sullivan,
Clarke, Spandel and Wallbridge ,1992). Students should
also be able to make generalisations, describe relationships
and demonstrate higher order reasoning skills. As Sullivan
et al. point out, it is potentially more useful for a child to
develop skills for "exploration of a mathematical task,
which highlights connections to existing knowledge" (p. 2)
than for the teacher to simply tell the child how to do the
procedure. The quantity of mathematical knowledge which
exists and its constantly changing nature make it impossible
to learn it all by rote (Sullivan et al., 1992). For the same
reason, it would be inappropriate for the CAL package to
focus solely on transmitting mathematical knowledge.
Furthermore, arguments have been presented that ability to
relate to the context in which knowledge is embedded is as
important a component of learning mathematics as is the
knowledge itself (Cobb, 1986; Sullivan et al., 1992; Simon,
1993; Reeves, 1993). If teachers are to be able to guide
children to adapt knowledge to a variety of contexts or
construct their own systems of knowledge, it is first
necessary for the teachers to be able to do it themselves.

Over a period of four years, two testing instruments
were used to collect information about the content areas in
which student teachers were performing unsatisfactorily.
These were the ACER Mathematics Profile Series Review
Test (Australian Council for Educational Research, 1983)
and a test of basic mathematics concepts given to students in
the first year of their teacher education course. These tests
covered topics described by Cockcroft (1982) as being
essential minimum requirements for students completing
secondary school. Questions on which students performed
poorly were primarily those requiring the transfer of
problem solving skills to unfamiliar situations. The specific
content areas in which the majority performed poorly were:
the metric system, algebraic manipulations, linking deci-
mals, fractions and percentages, equivalent fractions,
division of fractions, multiplication and division of deci-
mals, and formulae used in measurement, for example
volume, circumference and area. After they had been
shown the answers to the test questions, the students were
asked to reflect on the questions they had wrong and suggest
why they might have made mistakes. The most common
reasons, other than careless errors, were forgetting the rules,
never having been taught the rules, or not knowing how to
apply the rules to unfamiliar situations.

The other consideration in the presentation of the
package is the modelling of appropriate strategies which the
student teachers can eventually use in their own classes
(Tirosh et al., 1991). The main strategies identified by
previous writers as being important for preservice teachers
to develop are: the use of diagram (Tirosh et al., 1991); the
use of concrete aids to demonstrate a concept (Watson,
1986); and the use of either visualisation and drawing or a
verbal/logical approach which allows for aspects of the

Mathematics 525

549

BEST COPY AVAILABLE



representation to be manipulated in one's mind (Battista,
Wheatley, Grayson and Talsma, 1989).

A group of 25 student teachers, mathematics students
and mathematicians was asked to solve a selection of the
problems to be included in the package and to fully describe
the processes used. These processes were categorised into:
(i) visualising a 3-dimensional model of the problem
(ii) drawing a 2-dimensional representation
(iii) using equations
(iv) rewriting the conditions of the problem in longhand,

i.e. in their own words.
For each problem, the package will offer a series of

appropriate strategies within the four sub-headings indicated
above. Selection of one of these subheadings will encour-
age the students to monitor their selection of strategies.
Sequences of cues will be presented for each strategy, and
students will be able to request successive cues if needed.
When a correct solution is reached, immediate feedback will
be given so that the student can move on to the next
problem.

Based on the analyses of the tests given to the student
teachers, and the recommendations of previous writers listed
above, the following were identified as being important
criteria for each item to be included in the tutorial:
(i) revision (or in some cases establishment) of knowledge

fundamental to teaching mathematics in the primary
classroom

(ii) development of skills to transfer this knowledge to
unfamiliar situations using a variety of strategies

(iii) awareness of common misconceptions in an attempt to
eliminate/monitor/control these

(iv) modelling of instructional strategies which can be used
in the classroom

(v) provision to make generalisations, invent rules and
formulae etc. in relation to the knowledge, thus encour-
aging the student to think in a more eclectic manner.
The sequencing of content is another important issue

described ny Johnson and Grover (1993). In this package
each problem solving strand follows the same sequence of
strategies:

Write down the information which is given.
What further information do you need to solve the
problem?
List the steps involved in solving the problem.
How can you relate the answer back to the problem?
Is it possible to make a generalisation about the prob-
lem?

Although each strand gives the response to these
questions in a different format, namely diagram, equation or
verbalisation, they are identical in sequencing logic. It must
be noted, however, that the hypermedia environment allows
for traversing across the tutorial in a multi-dimensional
fashion.

Learning Resources
Johnson and Groovier (1993) suggest that the role of

learning resources is becorning increasingly important in the

design of interactive instruction with "the increasing

recognition of the value of learner control, self-regulation,
and continuing motivation factors" (p. 13). It is important
for the active learner to have access to learning resources,
including hypertext glossaries, charts, help etc., in order to
"facilitate deeper, more elaborative, cognitive processing in
pursuit of instructional objectives" (p. 13). The nature of
using a hypermedia system allows the learner to link
concepts and learning resources without having to leave the
working environment , and to be able to access the learning
resources in a non-linear way which reflects better the way
people think (Marsh and Kumara, 1992). A feature of the
package will be an online calculator and a background
knowledge base which the user can access at any time
without leaving the screen currently being displayed. The
knowledge base will contain definitions, formulae and other
information required to solve the problem. The inclusion of
this feature, plus online navigation help, will provide
-enough structure and help functions to ensure that the
student eventually ends up obtaining knowledge, rather than
just bewilderingly discreet bits of information" (Bourn,
1990, p.169)

Learner Control
Johnson and Grover (1993) refer to a wide range of

learning theories which characterise the active learner and
which should therefore be taken into account in designing
interactive instruction. These include provision to allow the
learner to: continually process and re-organise information,
learn thrcugh observation and example, and set goals,
organise, self pace, self-monitor and self-evaluate.

The learner does not have to depend on a pre-deter-
mined sequence of instructions, but is able to select the most
appropriate sequence (Underwood, 1989).

The tutorial program will be menu-driven. A pretest
will identify the items which each student will need to
complete. The student will then be able to select a particular
problem, select the preferred solution strategy, access
background knowledge, re-read the problem, change to a
different set of hints or access a calculator. The learner will
have total control of choosing the most appropriate path to
follow.

Practice
Johnson and Grover (1993) believe that hypertutor

systems provide the opportunity to access ... wide range of
items which can facilitate sufficient practice to enable
mastery of learning. Practice can also be enhanced because
the system can organise "complex, hierarchical problem
solving processes into a series of simple steps" (p. 11).
Another important feature of a tutoring system is its facility
to allow the user to "back up and try a different tack"
(Underwood, 1989, p. 74) if the student is experiencing
difficulty with a particular approach.

Johnson and Grover refer specifically to mathematics
learning when they point out that frustration and wasted
time can be caused by the learner searching for errors. They
suggest that hypertutor systems can address this problem by
providing immediate feedback at every step of the problem
solving process. This is the case in this package. The hint
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screens ask a series of questions described earlier in this
paper. After each of these question screens, the students are
able to attempt to work out their own responses before
going on to the following screen which provides an
immediate answer to the question and shows how this
answer was worked out. The students can re-work this
question/answer process as many times as is necessary
before moving on to the next hint.

Feedback
Another of the features of hypertutor systems described

by Johnson and Grover (1993) is the provision for "immedi-
ate, frequent, appropriate, and varied feedback" (p. 11) and
toleration of rounding errors. Johnson and Grover cite a
number of functionalists and operant behaviorists who have
focused on the importance of learning appropriate feedback.
In this package the student can "try the answer" at any time.
The facility exists to accept rounding errors where it is
appropriate to do so. Feedback is given immediately and if
the answer is incorrect the student is advised to work
through the tutorial, either continuing from the same place
or trying a different strategy.

Conclusion
This paper has explained some of the pedagogical issues

which have made hypermedia an appropriate vehicle for a
mathematics remediation program. One of the reasons for
using hypermedia is because it is conducive to accessing
supplementary materials such as appendices, examples and
background information quickly and easily (Ambrose,
1991). This facility was essential for this program to be able
to present a problem context but to also make backfgound
knowledge, calculator facilities, and hints readily accessible
to the user at the moment when they were required. By
allowing the students to select their own routes through the
program and consequently to make decisions about these
routes, Hypermedia allows the creation of a program which
is based on the development of conceptual thinking rather
than just the mechanical learning of skills (Bourne, 1990).
A further reason for using a hypertutor system is its facility
to record the paths the user chooses to follow through the
material or the length of time spent on each card (Marsh and
Kumar, 1992). Not only will this facility have the potential
to enable the students to develop a greater understanding of
their learning (Ambrose, 1991), it will also facilitate further
research iato the particular problems and also the preferred
learning styles of the users.
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Mathematica-Based
Mathematics for

Elementary Teachers:
An Experimental Course

Peter L. Glidden
University of Illinois

Urbana-Champaign

All recent mathematics reform documents (e.g.,
Mathematical Association of America, 1991; Mathematical
Sciences Education Board of the National Research
Council, 1991; National Council of Teachers of Mathemat-
ics, 1989,1991) have called for improved and increased use
of technology in mathematics instruction, both in school
mathematics and in teacher preparation programs. The
University of Illinois at Urbana-Champaign has redesigned
one of its mathematics courses for elementary teachers to
teach concepts of the calculus using Mathematica
(Mathematica is a registered trademark of Wolfram
Research, Inc.) This course, "Experimental Mathematics,"
is experimental in two senses: it encourages students to
perform mathematical experiments using Mathematica, and
the course itself is new and, hence, experimental.

Course Goals and Content
The primary course goal is to use computers to deepen

students' understanding of mathematics so that they leave
the course understanding that doing mathematics means
finding patterns, investigating change, creating and testing
hypotheses, and solving real world problems. In short, the
main course goal is to use computing technology to promote
active learning. A concomitant course goal is to impress
upon students the beauty and power of mathematics.

In order to achieve these goals, it was necessary to select
both appropriate mathematical content and an appropriate
computing platform. Topics from calculus were chosen for
three compelling reasons. Calculus is a natural progression
from the mathematics these students had in high school. It
would have been their next course if they had continued in
mathematics. Furthermore, the National Council of
Teachers of Mathematics (1989) calls for all college-
intending 12th-grade students to learn the concepts of the
calculus. Until those recommendations are adopted by
Illinois high schools, teaching calculus in this course is the
easiest way to expose these students to this content.
Second, the calculus has great utility in the natural and
social sciences. This enables us to illustrate its power in
solving real-world problems in a variety of domains.
Finally, the calculus has geat beauty, and it generally is
regarded as the greatest invention nf human reasoning (e.g.,
Bell, 1951; Kline, 1985).

The computer algebra system Mathematica was chosen
as the course software because it allows text, plots, and
commands can be integrated into one file called a
"Mathematica notebook." This feature allows the develop-
ment of "electronic textbooks," which provide students with
explanations, examples, exercises, and experiments. One
could describe a notebook as an animated textbook:
Students read textual explanation, activate Mathematica
input commands that perform the calculations and plotting,
study the output, and then write and execute similar
sequences themselves. Furthermore, because commands,
plots, and text can be integrated in Mathematica notebooks,
students can be assigned projects that ask them to do and
explain mathematics, an important skill for prospective
teachers.

Although topics from the calculus and the Mathematica
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software were chosen for mathematical and pedagogical
reasons, there were significant practical advantages to be
gained from selecting them. Most of these advantages
accrued from the University's long involvement with the
National Science Foundation-funded Calculus and
Mathematica Project, which developed a Mathematica-
based calculus sequence for science, mathematics, and
engineering majors. Professors Porta and Uhl, who along
with Professor Davis at Ohio State, /rote Calculus and
Mathematica (Davis, Porta, & Uhl 1993), supported this
teacher education effort, and grack asly encouraged the use
of their materials as models. All of these advantages
outweighed the two main drawbacks to using Mathematica:
its arcane syntax and its complexity, which is a direct
consequence of its power.

This course, however, is not Calculus and Mathematica.
Its lessons were written for a different audience with
different goals. The intention is not to teach calculus per se,
but to use the calculus to open up a realm of exciting
mathematical ideas. Course topics include numeracy,
graphing polynomials, linear growth, instantaneous growth,
and integration.

Sample Mathematics
In order to give a flavor of course content, seven

examples are presented below. The first three are home-
work (Give It A Try) problems to be done on the computer,
the fourth is a "Literacy problem" to be done away from the
computer, and the last three also are Give It A Try prob-
lems. The first example (Unit 1, G.4) was chosen from an
early lesson designed to introduce students to Mathematica
and promote looking for patterns and making conjectures.
The second example (Unit 3, 0.3) is similar, only this time
students are to use Mathematica's plotting capability. The
third example (Unit 5, G.3), is a homework problem on a
familiar application of derivative. The fourth (Unit 5, L.12)
is a Literacy Problem that students are to solve away from
the computer. (Literacy problems give students a chance to
test their conceptual understanding.) The last three ex-
amples (Unit 6, G.3, e, g,h) are typical relative extrema
problems from the calculus. Those problems that originally
were developed for Calculus & Mathematica are denoted
by C&M; those developed specifically for Experimental
Mathematics are denoted by EM.

Unit 1 . Numbers and Algebra. Powers of 1 /2.
(G.4) C&M
1. Combine the following equations into single fractions: a)

1/2 + 1/22
b) 1/2 + 1/22 + 1/23
c) 1/2 + 1 /22 + 1/23 + 1/24
d) 1/2 + 1/22 + 1/23 + 1/24 + 1/25

e) 1/2 + 1/22 + 1/23 + 1/24 + 1/25 + 1/26

2. In each of the above equations, how is the determinator
of the your answer related to the denominator ofthe last

term in the equation?
3. Using what you have learned in problems 1 and 2,

combine 1/2 + 1/22 + 1/23 + + 1/24 into a single
fraction, assuming that n is a positive integer? (Be sure
to test it with actual data!)

Unit 3. More Functions. Comparing Plots. (G.3)
C&M
1. Look'ng at a plot off(x) andftx+1 ) forftx)=x2 on the

same axis where -2.5.x..Q, describe any similarities
between the plots.

2. Plotftx-1) andftr) forftx)=-x2 on the same axis where
Describe the two graphs. (How are they similar?

How are they different?)
3. Plotftx+/) andftx) forftx)=lxl on the same axis where

Describe the two graphs. (How are they similar?
How are they different?)

4. Plotftx-2) andftx) forftx1xl on the same axis where -
4x.54. Describe the two graphs. (How are they similar?
How are they different?)

5. Given the plot off(xy, how would you graph the
equations ftx+1)=y and ftx-I)=y.

Unit 5. Instantaneous Growth. Wonder Woman.
(G.3) EM
I. Ever since the "death" of Superman, Wonder Woman

has noticed a distinct increase in the demand for super
heroes. In the problems below, use the function that
describes the height of an object above the ground, s(t
-0.49t2 + vot + so. Remember that vo is the initial velocity
of the object and so is its initial height. One day, Wonder
Woman rescues King Kong. King Kong was on top of
the Empire State Building, 360 meters above ground,
when he fell.
A. Plot King Kong' s fall.
B. How long will it iake King Kong before he hits the

ground?
C. What will his velocity be at impact?
D. How fast will King Kong be going at impact in

miles per hour?
E. The Superman Fan Club is holding its "Going Out

of Business Sale" on the 50th floor, 152 meters
above ground. What is King Kong's velocity in
miles per hour as he passes the 50th floor?

F. Five (5) seconds afore King Kong falls, Wonder
Woman arrives at the 86th floor observation deck,
262 meters above ground. In order to save King
Kong, Wonder Woman dives off the observation
deck.
a. At what initial velocity must she leave the

observation deck to catch King Kong 3 meters
above the ground?

b. What must her initial velocity be if she is to
catch him as he passes the Superman Fan
Club?

2. Sketch the graph of a functionftx) whose instantaneous
growth rate is positive for all x, that is f(x)>0 for all x.

3. If f(x)>0 for then which is largenft0) orfil)?

Unit 6. Relative Extrema. EM
1. Michele lives on an island, but needs to go to town. The

island is located 8 miles off the shore, directly opposite
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Point A. The nearest town is located along the shore, 2
miles east of Point A, at Point B. If Michelle can row a
boat at an average rate of 2 miles per hour and can walk
at an average of 4 miles per hour, where should she land
the boat along the shore so that she gets to the store the
quickest?

2. The Pick & Eat grocery store wants to build a new
grocery store. The new store will have a glass front and
the other three walls will be made from brick. The total
floor area required is 9,000 square feet. If a glass front
costs $150 per linear foot and a brick wall costs $100 per
linear foot, find the dimensions of the store so that the
construction costs are minimized.

3. Using problem #2 above, include the cost of the roof and
floor. If a concrete slab costs $25 per square foot and a
truss roof costs $35 per square foot, find the dimensions
of the store so that the construction costs are minimized.

Evaluation
This course is currently being taught, so not all of its

evaluation has been completed. Students have completed
surveys on their mathematical preparation and their attitudes
coming into this course. At the end of the course, they will
complete post-course attitude surveys to determine whether
any changes occurred.

Students were asked to evaluate the curriculum after
completing Units 1, 4, 6, and 7. A research assistant
attended all the lectures and observed many of the labs.
Sample homework papers and student projects have been
collected and analyzed. Students have been interviewed
throughout the semester, and some will be interviewed later
in order to construct a more complete picture of the effects
of the course.

Results
This project experienced many of the same problems

familiar to anyone who has implemented computers into
mathematics instruction: too few machines, network
failures, hardware breakdowns, student anxiety about
mathematics, and student anxiety about using computers.
What is more interesting, however, is what this project has
revealed about these students and the potential for comput-
ers to innoduce concepts of the calculus to those who are
not science, engineering, or mathematics majors. Further-
more, it gives good data on the mathematical preparation
these students should have, as well as data on how the
content and delivery of the Experimental Mathematics
course should be improved.

Student Attitudes and Preparation
A pretest measuring their attitudes towards mathematics

was administered at the second class meeting. The class
consists of 91 students: 19 seniors, 71 juniors, and 1

sophomore. As a group, they are not fond of mathematics,
and many feel anxious when doing mathematics: Only 25
students disagreed with the statement, "It scares me to death

to have to take mathematics" and only 25 students agreed
with the statement, "I enjoy taking mathematics classes."
Additionally, the data report that 41 students do not feel

calm when doing mathematics, 32 would not take any more

4.)

mathematics if they had a choice, and 31 do not like helping
others with mathematics (a curious result for prospective
teachers).

These students are products of traditional mathematics
instruction and about half have had no experience with
computers of any kind. Unlike the case with Calculus and
Mathematica, these students are not self-selected nor are
they taking the calculus based on their results from a
mathematics placement examination. This study reveals a
loophole in College admissions procedures, although the
College requires completion of Algebra U for admission,
transfer students can be admitted with three years of any
high school mathematics. Furthermore,.few transfer
students made up this deficiency in their junior college.
(The course enrolled 30 transfer students, one-third of the
entire class.)

This is a problem because the course is based on the
assumption that students have completed Algebra II.
Moreover, many of the students who have had Algebra II,
completed it three or fours years ago and they have taken no
subsequent mathematics. (This finding already has caused
changes in College advising and admissions procedures.)
Consequently, this class contains a wider range of student
abilities and preparation than expected or preferred.

Course Successes
The most important success achieved in the course is

that well over half the class is doing A or B work in learning
the concepts of the calculus as measured bjf instructor-
written examinations, homework assignments, and projects.
Typical examination questions ask students to sketch plots,
match plots of functions to plots of their derivatives, relate
derivative to slope and change, relate the change in the
function to the value of the derivative, and describe how
they would solve relative extrema problems in
Mathematica. Nearly all students are learning how to
interpret graphs correctly and make sense of them. Addi-
tionally, for a number of students, the course began to
"come together" while doing relative extrema problems in
Unit 6 (Applications of Derivatives). Once the course came
together, it became exciting for these students.

Discussions with students revealed additional successes.
After a quiz, the research assistant explained to one of the
students how to sketch the derivative from a plot of the
function. At first she was confused, but once she began to
understand it, she became excited. She thought it was "so
neat." Not just that she could do it, but she thought the
problem was neat.

Another student came into a teaching assistant's office
and began to discuss her past experience in mathematics.
She said that growing up, it was okay with her parents if she
came home with a C in mathematics, although it was
unacceptable to bring home a C in English and it was
unacceptable for her brothers to bring home C's in math-
ematics. She said that her mother had told her that she was
not very good at math, so it was okay that she did not do
well in it. She said to the teaching assistant, "I think that we
(females) can do better. Is that what this class is about?"

Another student said,
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"I really like lectures now and I feel like you are
teaching us something instead of us using trial and error on
the computer. It seems as the semester moves on I am
beginning to understand math again. My only concern is
how is it going to relate to teaching children math. For
example, unless I have a highly intelligent child in my class,
I don't think I'll be teaching them derivatives."

Student Difficulties
There was considerable discomfort at the beginning of

the semester as students learned to use the computers and
Mathematica. About one-third of the class had some
experience with Macintosh and only one had seen
Mathematica. Because the students had virtually no
programming experience, they found Mathematica's syntax
of curly brackets, commas, double equal signs, and the
occasional upper case letter confusing and frustrating. Even
as the semester continued and the students' competency
increased, the use of more sophisticated commands
confused the students and distracted them from the math-
ematics at hand.

The evaluation data also demonstrate that it is helpful to
offer accompanying lectures on the course material.
Because students eventually stopped attending class lectures
in Calculus & Mathematica courses, it was anticipated that
students in this course likewise would not want lectures.
This was not the case. Especially for the less able students,
a lecture provides them with the structure necessary for
understanding the computer lessons. Although having
lectures runs counter to the spirit of the Calculus &
Mathenwtica Project, these students are not self-selected
and placed as are Calculus & Mathematica students, so they
include a number of weaker students.

Many students found the instructional style of this
cm-ase difficult, presumably as a result of their traditional
mathematics instruction. In particular, they do not view
mathematics as a field for experimentation, they have
difficulty seeing intended patterns, and they solve problems
without reflecting upon them. In short, their perception of
mathematics is performing calculations quickly, accurately,
and for the most part, without thinking.

For instance, there were several occasions throughout
the course where executing a few simple Mathematica
commands would have clarified important concepts, yet
students did not use trial and error as a heuristic. They want
to be given a model problem and then be told how to solve
it.

It also is extremely difficult for these students to see
relevant patterns. For example, students can plot the lines
f(x) = 8 - 1/2 x and g (x) = 8 + 1/2 x, see that f(x) goes
down and g(x) goes up, yet still fail to see the link between
the sign of the coefficient of x and the slope of the line.
They can find the roots of a polynomial equation, but fail to
see any connection between the number of roots and the
degree of the polynomial. Other students found it difficult
to make the connection that when f(a) = 0, then its plot
intersects the x-axis at x = a.

Similarly, many of these students failed to relate their
solution to the original problem. This became especially

clear in Unit 6 while solving application problems. In
Problem G.3.e above, students found that the minimum time
occurred at an endpoint of the interval [0,2], but failed to
realize that meant that the quickest way to the store is to row
directly to it. Similarly in Problem G.3.h, students found the
same solution they did for G.3.g, yet many failed to realize
that this is because the roof and floor are fixed costs. Some
students did, however, relate their solutions to the original
problem.

Discussion
In addition to the results discussed above, this project

raises questions about which precalculus mathematics
should be taught. For example, the major difficulty students
had in solving relative extrema problems was setting up the
necessary equations. This suggests that more time should
be spent teaching students how to set up equations. After
all, Mathematica can plot and solve equations, but it can not
set them up.

Implementing this project also raised questions about
which concepts of the calculus should be taught. Exponen-
tial growth is one topic that was omitted that should have
been included it would have provided a helpful contrast
to linear gxowth and it is common in the real world.
Factoring polynomials and finding roots is another topic that
should have been stressed more than it was it would have
helped cle3r up the idea of zeros of a function. The sheer
power of Mathematica raises additional questions about
which topics to include. For example, the second derivative
test is extremely useful in a traditional calculus course
because it helps students plot functions. Because
Mathematica can plot any polynomial quickly, easily, and
accurately, what role, if any, should the second derivative
test have? Similarly, how much emphasis should the
Fundamental Theorem of the Calculus have? It was taught
to illustrate the power and beauty of the calculus, but how
much detail is needed? Most of these students are not going
further in mathematics, so a detailed explanation is not
necessary, yet they should know enough to understand it.

Summar),
Improving the mathematics preparation of elementary

teachers is a critical component of improving school
mathematics. Teaching these students the concepts of the
calculus not only increases their understanding of important
mathematics, but it also shows them what their students will
see in higher mathematics. Furthermore, the calculus has
great beauty and power. Coupling the calculus with
computer algebra systems allows student to learn these
concepts directly, without getting bogged down in arith-
metic, algebra, or plotting. Slowly, these elementary majors
are becoming active learners of mathematics by testing and
checking hypotheses, looking for patterns, and exploring
mathematical concepts. Despite the difficulties experienced
so far, this course has great potential for deepening elemen-
tary teachers' understanding of mathematics, enhancing
their appreciation of technology, and ultimately improving
their teaching of mathematics.

This research was supported by the Educational
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Methods
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The National Council of Teachers of Mathematics
(NCTM) has concentrated in the past few years on attempt-
ing to bring about dramatic changes in the methods used to
teach mathematics courses in secondary schools. Changes
in our society have necessitated changes in the mathematics
curriculum. Advanced knowledge about the cognitive
processes of students has allowed us to develop new
strategies for teaching mathematics that have been shown to
be much more effective than the old traditional methods.

The constructivist view of cognition, which is based on
Piaget's theory of assimilation and accommodation, is the
basis for constructivist teaching methods. This means that
students must experience the concepts in order to internal-
ize them and achieve understanding (Davis, Maher &
Nodclings, 1990). Ile constructivist learner is actively
involved in the learning process and is able to interact
significantly with the concept using some appropriate
representation. When the internal representation approxi-
mates the external representation and appropriate connec-
tions are made to other related material, then understanding
has occurred (Hiebert & Carpenter, 1992).

In the constructivist classroom, students actively
participate in experiences that assist them in constructing
their own concepts of these representations and the transi-
tions between them. The emphasis in algebra classes must
be on understanding and communicating these translations.
If algebra instruction is modified to reflect the recommenda-
tions of the NCTM Standards, mathematics classrooms will
become laboratories. Students will be actively involved in
interesting and relevant tasks that aid in their internalization
and formation of concepts. These changes in instructional
methods will facilitate students' understanding as demon-
strated by their ability to translate among multiple represen-
tations of a single conceptual context.

Discourse has been identified as a learning activity that
facilitates algebra learning. Students are better able to
"make sense" of a concept as they discuss the mathematics
with peers and/or teachers (Corwin & Storeygard, 1992;
Lodholz, 1990). The activity of having to form one's
understanding into words forces metacognitive activity and,
thus, improves thinking. Research studies have reported an
increase in mathematical learning as a result of requiring
students to share their thinking (Russell & Corwin, 1991).
The recommended model is that students experience the
mathematics and then seek understanding by discussion,
including conjecturing, arguing, and justifying (Peterson &
Knapp, 1993).

In traditional algebra courses, students learn to manipu-
late symbols by simplifying algebraic expressions and
solving equations. 'This type of exercise has little or no
connection to real world applications. Recent research and
curriculum reform in mathematics education encourage us
to make algebra more accessible to all students by making it
more application-based (Glatzer & Lappan, 1990). This
means that students should be able to translate freely among
multiple representations: words, table, equation, graph. For
example, if a student is given an equation such as 3x = 18,
he or she should be able to describe a problem situation for
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which the equation would be used. Similarly, given a
graph, the student should be able to write "the story of the
graph", translating it into words. In traditional courses, we
ask students to translate from words, but the new emphasis
is to have students demonstrate understanding by translating
to words from other representations. Wagner and Kieran
(1989) identify problem representation in an algebraic
system as a key feature in algebra learning.

Facilitating Algebra Success Training
(FAST)

Algebra has long been the cornerstone of high school
mathematics. With the recent North Carolina mandate that
one credit of algebra be a requirement for high school
graduation, there was considerable interest among middle
and high school mathematics teachers in improving the
quality of algebra instruction. In assessing the algebra
teaching in middle schools and high schools in one region,
there appeared to be widespread use of traditional instruc-
tional methods. A number of algebra and pre-algebra
teachers were informally interviewed. For the most part,
the teachers were teaching the way they had been taught.
These teachers were trained five to ten years ago using
traditional teaching methods. A large majority of these
t'achers reported that they taught by "lecture, examples,
practice" and "symbol manipulation." They recognized that
these methods had limited success with many students. The
teachers were concerned about the new "algebra for all"
requirement. They felt that all students could not succeed in
current algebra courses, and they were willing to learn new
and better methods for teaching algebra in order to facilitate
student success.

In 1989, the NCTM published Curriculum and Evalua-
tion Standards for School Mathematics, and two years later
published the Professional Standards for Teaching Math-
ematics (NCTM, 1991). These documents were the result
of a careful examination and synthesis of the research
evidence of what constitutes effective mathematics teach-
ing. After careful examination of the NCTM NCTM
Standards, key instructional components were identified:
cooperative groups, problem solving, technology, and
connections. These strategies, materials, and methods were
strongly recommended for all school mathematics by the
NCTM and were determined to be particularly appropriate
for the teaching of pre-algebra and algebra in the middle and
high school.

The NCTM Standards recommends that students be
given opportunities to work in cooperative groups, and that
activities be more student-centered and less teacher-
centered. This is a radical change for many traditional
teachers who feel that their primary responsibility is to
lecture to students. Research has shown that students
working in groups are more actively involved in the
learning process and this participation results in higher
achievement.

Problem solving is one of the major goals of mathemat-
ics education, and education in general. We cannot possibly
teach our students a method for every problem they may

,r7 G

encounter, so we must teach them skills for approaching
unfamiliar problems. The NCTM Standards are very clear
on this point; the "old days" of teaching a topic by demon-
strating a particular algorithm and then having the students
repeat the algorithm on twenty homework problems is not
productive. Teachers must integrate problem solving
activities to assist students in developing higher-order
processes. Students must be challenged by problems that
are within their reach, but at the same time are novel enough
to require reflection and analysis. In short, students must be
required to think.

The use of a technology for representation of algebraic
relationships is an integral part of algebra instruction. The
NCTM Standards recommends that all high school algebra
students be taught to use a graphing tool. Numerous
standardized measures of mathematics achievement, such as
the North Carolina State End-of-Course Tests, the North
Carolina State Mathematics Contest and the SAT, are
incorporating graphing calculators. Graphing calculators
and computers are essential tools in the algebra classroom.
It is imperative that teachers learn to use this technology in
their classes.

The final strategy is connections. The NCTM Standards
states that students should be able to "apply algebraic
methods to solve a variety of real-world and mathematical
problems." One aspect of connections is the application of
mathematics to every-day situations. While most textbooks
include many word problems, the problems are often
unfamiliar and irrelevant to the lives of the students.
Students need familiar relevant examples of real-world
applications of algebraic concepts. The second facet of
connections is that students should be able to translate
within mathematics, including translation among different
representations of algebra concepts.

A year-long project was planned to assist twenty in-
service teachers in developing knowledge of these compo-
nents of effective mathematics teaching methods (coopera-
tive group learning, problem solving, technology, and
connections), and in planning and implementing lessons in
their pre-algebra and algebra classes.

Technology Components of FAST
Technology is the ideal representation for algebraic

relationships. While there has been some discussion of
whether graphing calculators or computers are the better
technology tools for high school mathematics, this project
took the position that both are extremely desirable and the
best learning environments are those which utilize all types
of technology in appropriate and interestir g modes. In
addition to being instructionally appropriate, this use of
technology is a reflection of the workplace for which these
students are ultimately being prepared. Graphing calcula-
tors are an essential tool in the algebra classroom, but the
use of graphing calculatots does not preclude the impor-
tance of powerful computer programs in algebra instruction.
Thus, the teachers' workshops included both the use of the
graphing calculator and the use of algebra computer
software programs.

The graphing calculator is quickly becoming a require-
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ment in high school mathematics classes. The TI-81 is the
graphing calculator of choice for teaching algebra here, and
this school district purchased several classroom sets for each
school. Other brands and models can also be used very
effectively. The key utility of this technological tool in an
algebra class is function graphing, including the ability to
TRACE a function and identify x and y coordinates. Other
effective applications include matrix operations for solving
simultaneous equations and various statistical analyses.
This fundamental tool can be used by teachers in demon-
strating, and, more importantly, by individual students and
groups of students in manipulation of algebraic data. The
workshop sessions involved active participation of the
teachers in group problem solving of real-life situations
using the graphing calculator as a tool. In this manner, the
teachers were instructed and convinced through their own
experience of the value of these methods.

The computer supports equally valuable, but different,
instructional activities. The Wings for Learning Connec-
tions software is a simple program that enables the student
to build a networked system where translation activities are
clearly represented. For example, a table might be the
initial representation. The student would then be able to
connect this table to an equation structure, which would
write the equation, and to a graph which would graph the
relationship. These three structures would be connected by
"data lines" and change in any structure would result in
corresponding changes to the other structures in the
network. The student then can physically see the connec-
tions of the various representations. It is recommended that
this activity be used with a writing assignment where the
student writes about the relationship of the various parts of
the model.

Other programs such as The Factory, The Pond, and The
King's Rule (all of these programs are available from
Wings for Learning) can provide group and individual

experience in problem solving and critical thinking skills
that are important prerequisite skills for algebra students.
Green Globs is an old but still exciting and effective, game
where students compe te by writing equations whose graphs
pass through "globs" that are randomly placed on a grid.

Again, the inservice sessions involved active participa-
tion of the teachers in use of these software applications. It
is not enough that they learn about the teaching strategy;
they must also experience the activity to be convinced of its
value. This is much like the need for students to actively be
involved with the mathematical concept in order to con-
struct an internal meaning. This type of inservice workshop
involves a constructivist approach to professional develop-
ment.

Outcomes of the Project
The twenty teachers who participated in the FAST

Project reported improved awareness of current instructional
methods. Post-project measures of knowledge of instruc-
tional strategies were significantly greater than the pre-
project measures. Perhaps the most significant outcome of
the project was the teachers' report of increased enjuyment
in teaching algebra. When the teachers feel good about
what and how they are teaching, they will be more likely to
continue utilization of that methodology.

Data in the form of class logs and evaluation visits
verified that the teachers frequently used technology in their
algebra classes. While there was still some lecture, the
teachers made a conscious effort to include some technol-
ogy activities at least once a week. Usually these activities
were implemented as group projects and were combined
with problem solving and application connections.

A typical lesson might involve a problem of projection
of farm productivity, given data from the past five years.
Groups would solve the problem using graphing calculators
and presenting their results to the class in the form of graphs
and verbal forecasts. These activities frequently would also
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include background research and discussion and/or writing
about the problem. In this rural community. teachers and
students were familiar with the fanning context. Thus, it
provided a viable connection between a real-life application
and the mathematics.

Another typical lesson would ask groups of students to
use the Connections software to produce a model to explain
the difference between positive and negative slope in an
equation. They would then present their model in poster
form to the class and discuss it in terms of real-life applica-
tions. This type of project required the students to utilize
the computer software as a tool to help them in organizing
their knowledge and communicating this knowledge to their
peers.

Both of the above examples show the strong emphasis
on understanding. Students are no longer allowed to just
manipulate the algebraic symbols; they are expected to
interact with the algebraic concepts in a significant manner.
Using technology tools, they are freed from the tedium of
cranking out an answer, and are able to concentrate on
understanding the concepts and discussing them in terms of
relevant connections.

Student achievement data are not yet available, but
informal observations indicate that students are progressing
well. They are involved in the class activities because the
material is relevant and interesting to them. They enjoy the
use of calculators and computers, and understand and
appreciate their use as mathematical tools.

Credits
This project was supported by the Eisenhower Math-

ematics and Science Program for Higher Education, North
Carolina Math and Science Education Network, Grant #5-
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Research indicates that the implementation of calcula-
tors in mathematics instruction is dependent on both
teachers' attitudes toward learning with calculators and
teacher involvement in the development of calculator-rich
mathematics curricula. Copley, Williams, Huang, and
Waxman (in press) found that a two-day in-service training
for middle school mathematics teachers did little to affect
the implementation of calculators in the teachers' classes
but that "teacher involvement in the writing of technology-
based curriculum seems to have had a much greater
impact." In that study selected teachers worked over an
eight-month period developing and field-testing a set of
mathematical explorations that required the use of a
calculator.

In this paper we report the impact of two calculator in-
service projects on (a) teachers' attitudes, (b) teachers'
instructional practices, and (c) teachers' evolving concerns
about teaching mathematics with calculators. One project
was designed to provide, for elementary school teachers, in-
service education on (a) regular four-function calculators,
(b) algebraic operating system (AOS) four-function
calculators, and (c) fraction calculators. The goal of the
second project was to provide inservice education on
fraction and scientific calculators for mathematics teachers
in grades 6-8. These two calculator in-service projects were
designed to place greater emphasis on an initial in-service
component and less emphasis on a long-term writing
component than found in the saidy reported by Copley et al.
(in press).

Project Objectives
The main objective of these projects was to improve

teachers' k*owledge of how to use calculators to teach
mathematics. in order to attain this objective, activities in
the 50-hour summer workshop and a 5-hour follow-up
workshop were designed to (a) improve the teachers' own
skill at using calculators to solve problems, (b) generate
teachers' positive attitudes toward calculator use in the
classroom, and (c) help teachers develop effective teaching
techniques for integrating calculators in mathematics
instruction. The National Council of Teachers of Math-
ematics (NCTM) Curriculum and Evaluation Standards
(1989) and NCTM Professional Standards (1991) were
used as a framework for all activities. Particular emphasis
was placed on problem solving, communication, mathemati-
cal reasoning, mathematical connections, worthwhile
mathematical tasks, learning environment, student dis-
course, effective use of calculators, effective use of
manipulatives, and assessment. These calculator projects
had an underlying goal of helping improve teacher's
knowledge of what mathematics is important to teach and
how to teach mathematics effectively.

Methods
sample

Eighteen teachers participated in the elementary school
project. For the duration of the project the participants
taught first grade (1), first/second combination ( I), second
grade (1), third grade (5), third/fourth combination (1),
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fourth grade (4), fifth grade (1), fifth/sixth combination (1),
and sixth grade (2). One participant served as a K-5
resource teacher for learning disabled and educable men-
tally handicapped students. Except for the resource teacher,
the participants taught in self-contained classrooms. The
teachers represented 17 schools in 8 school districts.

Sixteen teachers participated in the middle school
project. Eight of the participants taught only mathematics
classes. The other participants taught at least one math-
ematics class daily along with some combination of science,
social studies, communications, reading, and language arts
classes. The teachers represented 16 schools in 7 school
districts.

Measures
Teacher Attitude Scale. A 40-item "Calculator
Attitude Scale," adapted from Bitter's (1980) Pocket
Calculator Attitude Scale and the scale used by Copley et al.
(in press), was administered at the beginning of the first day
of the summer course, at the end of the la i day of the
summer course, and at the end of the follow-up workshop.
This scale was designed to assess changes in both teachers'
attitudes toward the use of calculators in general and toward
the appropriateness of students' using calculators to learn
mathematics. The participating teachers indicated their
level of agreement with each item by answering either
strongly disagree (1), disagree (2), not sure (3), agree (4), or
strongly agree (5) to each item. Copley et al. (in press)
reported that the modification of the scale used in their
research was reliable (r=.95) and valid.
Instructional Practices. Attempts to integrate calcula-
tors into mathematics instruction were documented in part
by the project instructor during classroom visitations.
Additional information on teachers' instructional practices
involving calculators was provided by (a) group projects
during the summer course and (b) self-reports in the form of
journal entries documenting use of calculators in mathemat-
ics instruction and assessment between the end of the
summer workshop and the follow-up workshop.
Teachers' Concerns. During the follow-up workshop,
teachers were introduced to the CBAM model (Hall &
Hord, 1987). The teachers then completed a writing
assignment designed as a self-assessment of their changes in
thinking regarding teaching mathematics with calculators.

Procedures
Summer Course. During the first week of the two-week
in-service for elementary school teachers, the workshop
sessions focused on participants learning keystrokes on the
T1-108, T1 Math Mate, and TI Math Explorer calculators
while engaged in problem-solving activities; becoming
familiar with research results related to student learning with
calculators; and planning mathematics instruction with
calculators. The planning portion incorporated a study of
(a) NCTM's (1989) problem-solving, communication,
mathematical reasoning, and mathematical connections
standards; (b) NCTM's (1991) worthwhile mathematical
tasks, learning environment, discourse, and assessment
standards; (c) Berlin and White's (1987) model for incorpo-
rating calculators in mathematics instruction; and, (d)

NCTM's (1989) standards related to using technology and
manipulatives to teach content within specific mathematics
strands (i.e., using calculators to develop number sense,
number systems, patterns and functions, etc.). The first
week of the middle school in-service was similarly struc-
tured, with one exception the calculators used in this in-
service were the TI Math Explorer and 11-34 scientific
calculators.

During the second week of both summer courses,
teachers worked in small groups to develop lesson plans that
effectively incorporated calculators in mathematics instruc-
tion. Each groui, presented its lesson to the class, and
copies of all lessol plans were distributed to each partici-
pant. Each lesson "Ian and lesson presentation were
assessed by the project instructor, other members of the
class, and self-assessed by the presenting group. The
instructor and each group responded strongly disagree (1),
disagree (2), not sure (3), agree (4), or strongly agree (5) to
each item on the 10-item lesson assessment instrument. The
items addressed the extent to which the given lesson
effectively incorporated problem solving, communication,
mathematical teasoning, mathematical connections,
worthwhile mathematical tasks, learning environment,
discourse, calculators, manipulatives, and assessment.
Between the Summer Course and the Follow-up
Workshop. During the time between the end of the
summer course and the follow-up workshop, teachers
maintained a brief journal documenting their use of
calculators in mathematics instruction.
Follow-up Workshop. In the 5-hour follow-up work-
shop, teachers shared journal entries and, in some cases,
handouts they designed to use with students. The CBAM
model was presented to the participants, and they were
given the opportunity to self-assess their concerns (a) at the
beginning of the summer course, (b) at the end of the
summer course, and (c) currently. The participants were
then asked to identify items on the "Calculator Attitude
Scale" that they felt would be of highest concern to other
mathematics teachers in their school. Based on the items
identified, the participants constructed preliminary plans for
helping other teachers in their schools more effectively
incorporate calculators in mathematics instruction.
After the Follow-up Workshop. The project instructor
visited classrooms of 15 teachers in the elementary school
project and 12 teachers in the middle school project. During
the visits, the instructor observed mathematics lessons
involving calculator use by students. These lessons were
assessed using the same 10-item lesson assessment instru-
ment used in the summer course.

Results of the Study
Teacher Attitudes. The responses of both groups of
teachers at each administration of the Calculator Attitude
Scale are summarized in Table 1 as means along with
corresponding standard deviations.
Instructional Practices. The detailed results based upon
classroom visitations, group projects during the summer
course, and self-reports in the form of journal entries are too
extensive to be included in this paper. A detailed report is
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available upon request.
Teachers' Concerns. The results of the self-assessment
writing assignment, framed within the CBAM model, are
summarized in Table 2.

Discussion
Teacher Attitudes. In general, a comparison of the
means in Table 1 indicates that if teachers disagreed with an
item, they disagreed more strongly as the project continued.
Similarly, if they agreed with an item, they agreed more
strongly with time. Attitude changes were indicated
predominately on items related to the relationship of
calculator usage to paper-and-pencil algorithms, mental
computational skills, and memorization of basic facts.
Instructional Practices. During the summer workshop,
teachers carefully constructed lessons involving calculator
activities that are closely aligned with the NCTM Stan-
dards. However, both journal entries and classroom

observations indicated that the lesson planning model
developed in the summer course was not transferred to
classroom practice by a majority of the teachers. Basically,
those teachers who began the project with a strong commit-
ment to teaching mathematics conceptually embraced the
planning model and implemented calculators in mathemat-
ics instruction effectively. The teachers who began the
course with a limited view of mathematics as a collection of
procedures struggled to incorporate calculators in lessons.
Teachers' Concerns. Teachers' concerns about the
performance of their students on the calculator portion of
the State's new end-of-course tests were largely responsible
for the teachers' decision to enroll in these projects. These
concerns correspond roughly to the informational and
personal levels of the CBAM model. Participation in the
project was accompanied by receipt of a classroom set of
calculators for each teacher. Possession of the calculators
created a wave of management level concerns, especially as
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Table I (continued from previous page)
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Table 2
Summary Analysis of Teacheis" Responses to CBAM Writing Assignment in Percentages

CBAM Level

Elementary School Teachers

First Second Third

Middle School Teachers

First Second Third

0 - Awareness 14 0 0 12 0 0

1 - Informational 64 o o 87 o o

2 - Personal 50 43 o 56 50 19

3 Management o 71 7 6 44 44

4 Consequence o 50 64 6 37 62

5 - Collaboration 0 o 79 o 6 31

6 - Refocusing 0 o 14 o o o

Note. Each response was classified into one or more CBAM levels so that the total percentage for any one administration

exceeds 100%.-
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the teachers faced the beginning of a new school year.
Concerns about how calculators would affect student
learning were apparent throughout the project but became
more focused as teachers began to observe students in the
implementation stage. By the time of the follow-up
workshop, teachers were anxious to collect calculator
activities and share their calculator activities with others.
Several had arranged to provide in-service calculator
workshops for other teachers in their building.
Closing Comments. The Iwo in-service projects
presented here, unlike the much shorter in-service reported
by Copley et al. (in press), appear to have positively affectec.
the implementation of calculators in the participants'
classes. This positive effect may be attributed, in part, to the
significant writing component incorporated in the summer
course. This conclusion is consistent with the conclusion
(Copley, et al., in press) that teacher involvement in writing
technology-based materials is an important factor in
implementation of calculators in classrooms.
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Is Experience Enough?: A
Survey of Mathematics

Teachers' Philosophies of
Calculator Use

Jayne Fleener
University of Oklahoma

E6s

Mathematics education reform efforts are guided by two
different, opposing theories. According to Linda Darling-
Hanunond (1993), proponents of the first focus on the
"basics"and favor more direct instructional practices.
Advocates of the second emphasize "capacities of teachers
and ... the development of schools as inquiring, collabora-
tive organizations" (Darling-Hammond, 1993, p. 755).

How do teachers with these perspectives view calculator
use in mathematics teaching and learning? Although
educational reform literanire addresses the importance of
teacher beliefs, attitudes, and knowledge (Clark & Peterson,
1986; Fennema & Franke, 1992; Thompson, 1992), reform
efforts encouraging the use of technology must consider
fundamental differences in teachers' philosophical perspec-
tives.

This investigation considered responses of 94 middle
school and secondary mathematics teachers on the re-
searcher designed Attitude Instrument for Mathematics and
Applied Technology (AIM-AT). (See Figure 1.) Guiding
questions were:
1. What attimdes do teachers have concerning the use of

calculators in mathematics teaching and learning?
2. Do teacher responses to AT:till-AT items suggest two

opposing philosophies of mathematics instruction?
3. If two opposing philosophies of mathematics instruction

exist, what differences in beliefs about the use of
calculators in the teaching and learning of mathematics
occur between these two groups?

Methods
This section includes a discussion of subjects, instru-

mentation, and procedures.

Subjects
During the annual meeting of the Oklahoma Council of

Teachers of Mathematics (OCTM), over 100 middle school
and high school teachers participated in four two-hour
calculator workshops and received instruction on the
CASIO 7000 Overhead Projectable Graphing Calculator.
Most of participants were Caucasian/Non-hispanic, all
indicated some prior personal use of calculators and16%
reported using calculators in math teaching at least once a
week.

Instrumentation
The AIM-AT was adapted from the calculator use

attitude instrument reported in Huang (1993). It consisted
of 23 items with Likert-type forced responses on a four
point scale. (See Figure 1.) The validity of many of the
items has been reported in Bitter and Hatfield (1992). Three
categories of z>cms were identified: (a) beliefs about the'
cognitive effects of calculator use, (b) experience with and
personal use of calculators in teaching, and (c) beliefs abo.it
affective results of using calculators in mathematics
teaching. (See Figure 2.) Internal reliability for the AIM-
AT using Cronbach alpha was 0.49.

Procedures
Four two-hour sessions were scheduled during the two

day OCTM conference. Approximately 25 teachers
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Agree/
Strongly

Agee

Disagree/
Strongly
Disagree

1. Students should not be allowed to use a calculator while taking math tests. 31% 69%
2. Calculator usc will cause a decline in basic arithmetic facts. 37% 63%

3. Calculators are motivational. 94% 6%

4. Calculators make mathematics fun. 89% 11%

5. When students work with calculators, they don't need to show their work on paper. 14% 86%

6. Math is easier if a calculator is used to solve problems. 71% 29%

7. More interesting mathematics problems can be done when students have access
to calculators. 95% 5%

8. Students understand math better if they solve problems using paper and pencil. 31% 69%
9. Students should not be allowed to use calculators until they have mastered the concept

or procedure. 49% 51%

10. All students should learn to use calculators. 97% 3%

11. Using calculators will make students try harder. 70% 30%

12. Calculators should be used only to check work once the problem has been worked out
on paper. 19% 81%

13. Calculators should be used on math homework. 84% 16%

14. Using calculators will cause students to lose basic computational skills. 33% 67%

15. Using calculators makes students better problem solvers. 79% 21%

16. Continued use of calculators will cause a decrease in student estimation skills. 28% 72%

17. I have calculators available for my class(es) to use. 72% 28%

18. Most of my students have access to their own calculators. 70% 30%

19. Calculators are only tools for doing calculations more quickly. 45% 55%

20. I have used graphing calculators in my classroom before. 29% 71%

21. I am proficient at using scientific calculators. 52% 48%

22. I know ways I can use the calculator effectively in my classroom. 69% 31%

23. I have lots of ideas about how I can make use of this calculator. 60% 40%

Figure 1. Teacher Responses to AIM-AT Survey.

Category 1: Cognitive

Beliefs about effect and appropriate use of the calculator.
Items: 1, 2, 5, 6, 8, 9, 10, 12, 13, 14, 15, 16, 19

Category 2: Experiential

Experience with and use of calculators in teaching.
Items: 17, 18, 20, 21, 22, 23

Category 3: Affective

Beliefs about affective results of using calculators in the classroom.
Items: 3, 4, 7, 11

Figure 2. AIM-AT Categories.
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participated in each session. Four presenters, including the
researcher, individually coordinated the workshop sessions.
As workshop materials were distributed and before instruc-
tion began, teacher-participants were asked to fill-out the
ALM-AT survey and participant tracking forms. Sixty-nine
women and twenty five men completed the AIM-AT
survey. Although participation by completing the survey
was optional, over 90% of the participants returned their
AIM-AT questionnaires to the session presenters.

Analyses
Consensus items were defined by over 70% agreement

or disagreement responses on the AIM-AT and were used to
answer research question one. Philosophical differences
were identified by responses to the AIM-AT statement
"students should not be allowed to use calculators until they
have mastered the concept or procedure" (item 9). Previous
research (Darling-Hammond, 1993, Fleener & Nieto las, in
press) suggested opinions would be divided on this item.
Separate single factor ANOVAs were performed to
determine whether responses to item 9 significantly effected
responses to other AIM-AT statements. Post hoc analyses
using Scheffe F-test determined significance at the .05 level.
These results were used to answer research questions two
and three.

Results and Discussion
Question 1: What attitudes do teachers have
concerning the use of calculators in
mathematics teaching and learning?

Consensus items from the cognitive category (5, 6, 10,

11, 12, 13, 15) indicate beliefs that students should learn to
use calculators and have them available for use. Paper-and-
pencil computations are not required when students work
with calculators and benefits of calculator use include better
problem solving without a decline in estimation skills.
Consensus on experiential items (17, 18, and 20) indicate
the teachers had common experience with and used
calculators in teaching. Consensus items in the affective
category indicate agreement concerning the motivational
(items 3 and 4) and psychological (items 7 and 11) benefits
of calculator use for students. (See Figure 3.)

Every category 3 (affective) item was consensual and
experiential differences indicated degrees in confidence.
Philosophical differences are demonstrated by responses to
item 9 as described below.

Question 2: Do teacher responses to AIM-AT
items suggest two opposing philosophies of
mathematics instruction?

As expected, teachers were divided in responses to item
9 on the ADA-AT. Forty-nine percent agreed "students
should not be allowed to use calculatorr until they have
mastered the concept or procedure." ANOVA results
revealed statistically different responses on 8 AIM-AT
items between teachers who agreed (mastery-group) and
disagreed (non-mastery group) with item 9 (see Figure 4).
Further examination of these items will provide the answer
for question 3.

Factor Item Percent Type

3 3 94 Agree
3 4 89 Agree
1 5 86 Disagree
1 6 71 Agree
3 7 95 Agree
1 10 97 Agree
3 11 70 Agree
1 12 81 Disagree
1 13 84 Agree
1 15 79 Agree
1 16 72 Disagree
2 17 72 Agree
2 18 70 Agree
2 20 71 Disagree

Figure 3. Consensus items defined as
agreement/disagreement greater than or

equal to 70%.

Question 3: If two opposing philosophies of
mathematics instruction exist, what differences
in beliefs about the use of calculators in the
teaching and learning of mathematics occur
between these two groups?

Separate analysis of variance on cognitive items
indicated statistically significant differences between groups
on items 2 (F=18.512, df=1/90, p=.0001), 8 (F=8.411, df=1/
92, p..0047), 12 (F=17 .826, df=1/92, p=.0001), 13
(F=4.899, 4f=1/91, p=.0294), 14 (F=9.937, df=1/9l,
c=.0022) and 15 (F=7.834, df=1/91, p=.0063). Even though
item 19 does not show statistical difference, 54% of the
mastery group agrees calculators are only tools for doing
calculations more quickly while 65% of the non-mastery
group disagreed. The wide variance of responses to item 19
indicates teachers lack a clear vision of multiple applications
and uses of the calculator. Statistical significance on items
7 and 15 reinforces the mastery group lacks a clear vision of
non-( Anputational calculator use. These findings are
consistent with results of a case study of preservice teachers
(Fine & Fleener, in press).

Statistical differences on items 2, 8, 12 and 14 suggest a
philosophical difference between the mastery and non-
mastery groups regarding the role of computation in
learning mathematics. The mastery group believed working
problems on paper is essential for conceptual understanding
and over-reliance on the calculator will cause a decline in
computational skills while the non-mastery group disagrees
with these statements.

Analysis of variance on items from the experiential
category do not reveal a difference between groups based on
the mastery issue, indicating experience may not be related
to beliefs about the mastery of concepts and procedures.
This suggests experience with calculators is not sufficient
for challenging beliefs related to the importance of concep-
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Category Item F-value p-value Mastery-Gp-Resp# Non-Mastery-Gp-Resp

Cognitive 1 2.9090 .0915 61% disagree 77% disagree
Cognitive 2 18.512 .0001** 53% agree 79% disagree
Cognitive 5 0.4010 .5280 87% disagree 85% disagree
Cognitive 6 1.2700 .2626 67% agree 75% agree
Cognitive 8 8.4110 0047** 52% disagree 85% disagree
Cognitive 10 0.4280 .5145 98% agree 96% agree
Cognitive 12 17.8260 .0001** 67% disagree 94% disagree
Cognitive 13 4.8990 .0294* 78% agree 90% agree
Cognitive 14 9.9370 .0022** 52% disagree 81% disagree
Cognitive 15 7.8340 .0063** 67% agree 90% agree
Cognitive 16 3.0090 .0861 67% disagree 77% disagree
Cognitive 19 3.0230 .0854 54% agree 65% disagree
Affective 3 2.6410 .1075 89% agree 98% agree
Affective 4 0.6180 .4337 87% agree 92% agree
Affective 7 6.2230 .0144* 91% agree 98% agree
Affective 11 6.'3300 .0136* 54% agree 85% agree
Experiential 17 0.2750 .6012 74% agree 70% agree
Experiential 18 1.6610 .2008 69% agree 72% agree
Experiential 20 0.4120 .523 68% disagree 75% disagree
Experiential 21 0.0400 .8423 55% agree 50% split
Experiential 22 2.5020 .1176 63% agree 76% agree
Experiential 23 0.4190 .5192 56% agree 64% agree

n=94 for most items
Majority response for mastery/non-mastery groups
Significant at .05 level
Significant at .01 level

Figure 4. One factor ANOVA: Mastery (item 9) by A1M-AT items+.

tual/procedural mastery before calculators are used.

Significance
Lieberman and McLaughlin (1992) have noted the

general failure of traditional in-service attempts to affect
permanent curricular reform. Many change models
consider the importance of prior values, beliefs, attitudes,
and knowledge (Hord, Rutherford, Huling-Austin, & Hall,
1987) but do not delve deeper into teaching philosophies.
The relationship between philosophical orientation and
beliefs about using calculators in instruction needs to be
clear before efforts to change teaching practices by includ-
ing technology can succeed. This article is an attempt to
delineate this relationship.
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Integrating Calculators
and Computers into an

Elementary Mathematics
Education Program

William H. Kraus
Wittenberg University

In this paper I will describe how computer and calcula-
tor technology has been integrated into the mathematics
content and methods courses in the elementary education
program at Wittenberg University. Wittenberg University is
a private liberal arts college with an enrollment of approxi-
mately 2000 students. The elementary education program at
Wittenberg graduates approximately 40 elementary teachers
per year. In the elementary education program there is no
separate course in technology; instead, use of technnlogy is
integrated into most of the courses in the program.

Elementary education majors are required to take two
mathematics content courses and one mathematics methods
course. Currently, all three of these courses are taught by
the author.

There is an Apple Ile computer with a 25-inch color
monitor in each of the rooms used by these courses. In
addition, there is a computer lab with 13 Apple Ilgs
computers networked together. The lab has a 25-inch color
monitor and a monochrome projection panel used with one
of the two overhead projectors in the room. The display
from this panel is projected onto a whiteboard (so it is
possible to draw on the image displayed). The Apple rigs
computer in the instructor's office is connected to the
network.

Mathematics Content Courses
In the first mathematics content course, Mathematics for

Elementary and Middle School Teachers, students study
number systems, measurement, algebra, logic, probability,
and statistics with a special emphasis on problem solving.

Students are required to purchase a Texas Instruments
11-12 Math Explorer calculator. This calculator was
designed to be used primarily in the middle grades. It has a
number of special features, including standard order of
operatiuns, an integer division key, and the ability to work
with fractions. The instructor has a matching overhead
projector calculator.

Students are given instruction in the use of the calculator
and encouraged to use it on homework, quizzes, and tests.
The calculator is also used in class activities designed to
increase student understanding of the mathematics concepts
being taught. The instructor has three primary reasons for
requiring students to purchase this calculator.
1. In the interest of fairness, he feels that every student

should have the same calculator for quizzes and tests.
2. He wants students to become familiar with the features

of a calculator designed specifically for use with
elementwy and middle school students.

3. He wants to be able to plan lessons based on the
knowledge that everyone in the class has the same
calculator.
There was some initial concern on the part of some

students (and the instructor) about the $25.00 cost of the
calculator. However, the investment has proved to be
worthwhile. The calculator is an important and frequently
used tool in the course.

In this same course, the computer in the classroom or the
computer lab is used 5 - 6 times dueng the term to generate
problem solving situations (using eiher commercial
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programs or programs written by the instnictor). In
addition, students use hypermedia stacks (created by the
instructor using Hype rStudio from Roger Wagner Publish-
ing) to review selected concepts in the course.

In the second mathematics content course. Geometry
with Logo Programming for Elementary and MiddleSchool
Students, students study informal geomeuy with a special
emphasis on the relationship between art and mathern. tics.
(Students are encouraged, and in the near future will b.
required, to enroll in the Art for Elementary School
Teachers course concurrently with this course.)

Students also learn to program in Logo in this course.
Logo is a structured, graphics-oriented computer language
designed for use with elementary and middle school
students. The emphasis in the use of Logo is primarily on
applying geometry concepts and on problem solving, rather
than on "learning to program." Students turn in two small-
group projects for grades. In the first project, they are
required to reproduce a tangram design using Logo (includ-
ing the creation of procedures for each of the tangram
pieces). The second project is open-ended; students are
asked to "do something interesting" with Logo, while
meeting several criteria about the use of graphics and sound.
Students invest a great deal of time and energy in the second
project; the projects most often are in the form of a game, a
story, or an instructional program.

Mathematics Methods Course
The emphasis in the methods course, Teaching Elemen-

tary and Middle School Mathematics, is on teaching
mathematics for understanding through the use of concrete
materials and applications to the real world. The use of
calculators in the elementary school is discussed in this
course.Several class sessions are spent on classroom
computer applications like simulations, tutorial programs,
and instructional games. Students are also taught how to
create hypermedia stacks using HyperStudio and, working
in pairs, are expected to create an instructional stack
incorporating manY of the sound and graphics features of
HyperStudio. Outside of class, students are required to
evaluate several instructional computer programs and to use
Print Shop.

Conclusion
We feel this integrated approach to the use of computer

and calculator technology in the elementary mathematics
education program is effective. Not only are students given
direct instruction in the appropriate uses of such technology,
they also experience the use of this technology in the
courses they are taking. Since teachers often teach the way
they have been taught, we hope our graduates will incorpo-
rate computer and calculator technology into their class-
rooms.

William H. Krau.s is a Professor of Education at Wittenberg
University, Springfield, OH 45501 .
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Beyond Arithmetic:
Calculator Inservice for
Mathematics Teachers

Deborah Y. Bauder
SUNY Institute of Technology at

Utica/Rome

Mary M. Planow
SUNY Institute of Technology at

Utica/Rome

Ronald Sarner
SUNY Institute of Technology at

Utica/Rome

Children learn more effectively by doing rather than by
listening, an opinion that is explicitly recognized by the
current emphasis on the use of manipulatives and technol-
ogy in teaching mathematics. Use of technology, including
calculators, in teaching mathematics has been encouraged
by the National Council of Teachers of Mathematics (1989),
the New York State Regents Action Plan (New York State
Education Department, 1991), and the New York State
Compact for Learning. Calculators are now required for

'New Y6rk State Regents examinations' (four function
calculators must be made available to all students for
mathematics Regents examinations. Scientific calculators
are used on the Advanced Placement Calculus exam, and in
1995, graphing calculators will be allowed on the exam.

Calculators can be a powerful and cost-effective tool,
used to teach problem solving, to make connections
between the concrete and the abstract, and to emphasize
conceptual development of numerical relationships. Of
course, a calculator can be used merely as a mechanical aid
to re-check answers computed manually, but limiting the
application of calculators to that purpose is much like using
a microwave oven merely to reheat coffee. Unfortunately,
many teachers are unaware of the pedagogic possibilities
afforded by the use of calculators; they must be trained in
their use. All too often, teachers do not have the time to
keep up with changing stans:Airds that can improve both
classroom learning and their teaching methods. Elementary
teachers are further handicapped by the breadth of subject
matter they are required to teach and by inadequate prepara-
tion during their preservice training. Familiarization with,
and understanding of new pedagogic techniques and
strategies are essential to effective teaching and learning.

Finally, understanding curriculum standards and training
in the use of technology and in innovative teaching tech-
niques are not, by themselves, sufficient. No matter how
well trained in the use of manipulatives or other technologi-
cal tools, teachers without access to those tools can not
make use of them. Teachers must have access to the
materials and resources for their own use in development of
lessons as well as in the classroom for implementation of
those lessons.

Project TINIF (Technology in Mathematics Education)
is an effort to alte, mathematics instruction at all grade
levels by providing teachers with the technological and
pedagogical skills and materials they need to alter their
teaching strategies; to enhance self-confidence so that they
will try new methods; and to develop a peer support
network that will be necessary to nurture and facilitate
change.

Description of the Program
Project TIME was funded through the Dwight D.

Eisenhower program to enhance the teaching of science and
mathematics. A $45,000 grant, administered through the
New York State Education Department, enabled the co-
principal investigators, working collaboratively with
personnel from four central New York school districts, to
design a multi-faceted program to pro vide teachers with the
means and the training to use calculators effectively in the
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classroom. At its inception, the co-principal investigators
had only a skeleton (.1 the program in mind that is, the
framework for effe;tive inservice and support. The decision
to focus exclusively upon calculators was made by represen-
tatives of the cooperating school districts. Central to the
project were three simultaneously running one-week
inservice training courses on the use of calculators. These
courses were developed by teachers for teachers, at each of
three levels, ek-nentary, junior high school, and high
school. Specifically, the courses had four objectives.
Teachers participating in the project will be able to:

use calculators appropriately as a tool in mathematics
education;
create a learning environment that encouragesstudents
to develop their own problem solving skills;
understand the NCTM curriculum standards and their
relation to the New York State mathematics syll abi;
access resources to achieve the NCTM standards within
their curriculum.

Inservice courses were offered to teams of teachers from
five area school districts (the four cooperating districts, and
one other district added on a tuition basis) during the last
week of June 1993.= The workshops were held on th,
campus of the SUNY Institute of Technology at Utica/
Rome. To make certain that lack of equipment would not
hamper transfer to the classroom, a substantial portion of the
grant funding was used to purchase classroom sets of
calculators that went back to the classroom with participat-
ing teachers. In addition, some of the participating school
districts purchased additional calculators using local funds
or donations from Parents Associations and similar groups.
In some instances, participating teachers waived the $250
stipend to take additional calculators back to the schools. In
other cases, participant stipends were waived to permit the

program to accommodate additional applicants; the budget
provided for twenty-four participants, and thirty-eight were
enrolled. Participants were expected to integrate the use of
these calculators into mathematics instruction during the
1993-94 school year. While evaluation of the implementa-
tion or final phase of the project is not yet possible, evalua-
tion of the workshop indicates that the project was success-
ful in changing teachers attitudes about calculators and their

perceptions of their own skills in using calculators.

Perceptions of Calculator Skills
A post-course evaluation instrument was designed to

measure consumer satisfaction Lid skill levels. After the
course, 94% of the participants it dicated that they felt that
they had mastered the course material; 86% think it will be
easier for them to integrate their knowledge into the

classroom; 97% found the support materials helpful.

Attitudinal Changes
A two-part, seventy-five item questionnaire was

developed to measure attitudes toward calculators and

knowledee of NCTM standards. The questionnaire was
administered to all participants at the orientation session on

576

the first day of th: workshop, and again at the conclusion of
the last day. Questionnaires were numbered to permit
pairing of pre and post test responses. At the time of the
first administration, participants were informed that the
exercise would be repeated on the last day. Thirty-six of the
thirty-eight participants were present on both days.

The fust part of the questionnaire consisted of twenty-
five items, nineteen of which were based on theBitter
Pocket Calculator Scale as adapted by Huang, Copley,
Williams, and Waxman (1992). The remaining six items
were designed to measure attitudes on gender equity and
multiculturalism in the mathematics classroom. Respon-
dents were asked to indicate their level of agreement with a
series of statements that were phrased both positively and
negatively to control for response bias. Responses were
coded on a nine point scale (with 1 representing strong
agreement, and 9 representing strong disagreement). T-tests
were run using paired samples, and the results are presented
in Table 1.

On thirteen of the nineteen items adapted from the Bitter
instrument, significant improvements (p<.05) occurred. The
self-selecting nature of the participants, and their inherent
interest in calculators may account for the lack of change on
several items. Item 17, for example, elicited participant
agreement with the statement Calculators should not be
allowed in the schools. One would hardly expect partici-
pants in a course on the use of calculators to substantially
agree with that statement; they did not, and the workshop
did not substantially alter participant opinion. That state-
ment in the Bitter instrument, however, would be valuable
for a wider cross-section of teachers. Other items in the
instrument are predicated upon experience in the classroom;
completion of a six-month follow-up administration of the
questionnaire will permit appropriate analysis.

With respect to the six items on gender equity and
multiculturalism in the mathematics classroom, significant
results were obtained in only two. The most likely explana-
tion is that two of the workshop groups spent little time
addressing these issues; future workshops need to target
these issues more directly. The small size of the group that
did cover these topics make: meaningful analysis impos-
sible.

The second part of the questionnaire consisted of locally
developed items designed to probe knowledge of NCTM
standards and their application. Respondents were pre-
sented with a series of graphs and geometric shapes and
possible questions that teachers might ask students about the
graphs or shapes. Teachers were reminded that the sample
questions would have to be adapted to grade level, and were
asked to examine the graphs or shapes and questions and
respond to statements assessing the appropriateness of the
sample questions to NCTM standards, to school goals, and
their own teaching practice.

With respect to four sample questions requiring higher
order thinking skills, significant improvements (p .05)
were noted in participants' identification of these questions
as consonant with NCTM standards in all cases, and
appropriate for their schools' goals in three of the four
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Table 1
Pre and Post-test agreement scores
()onion ELe Post Diff,

(one taill

Calculators should be an integral part of the curriculum 2.59 1.43 -1.16 -5.18 .0000
I get no satisfaction from using calculators 7.30 8.49 1.19 3.50 .0005
I want calculators for all students 1.92 1.27 -0.65 -2.61 .0065
Calculators are too expensive for classroom use 7.59 8.27 0.68 2.04 .0245
Calculators are neat 2.51 1.59 -0.92 -2.38 .0007
The use of calculators for games and fun should be encouraged 2.16 1.92 -0.24 -0.82 .2085
Students should be allowed to use calculators while taking tests 3.24 2.30 -0.94 -3.32 .0001

I have a growing appreciation of calculators through understanding their
application to the school curriculum

2.95 1.43 -1.51 -5.44 .0000

I have never liked calculators 8.00 8.08 0.08 0.34 .3690
Working with calculators is fun 2.13 1.54 -0.59 -1.79 .0410
I am afraid to work with calculators and use them in the class with students 7.62 8.21 0.59 1.56 .0635
Calculators will cause students to not understand the basic computational

skills
6.54 7.00 0.46 1.17 .1245

Calculators should be available for all students in all grades 2.35 1.71 -0.65 -2.26 .0150
Most schools will have calculators available for students within the next

five years
2.84 2.38 -0.4-6 -1.12 .1345

Working with calculators is boring 8.14 8.51 0.39 .20 .0255
Boys have more mathematical ability than do girls 8.35 8.35 0.00 0.00 .5000
I don't feel calculators should be allowed in the schools 8.59 8.54 -0.05 -0.22 .4135
There is no need to address cultural diversity in the math curriculum 7.00 6.37 -0.63 -1.49 .0730
The use of calculators is causing students to lose the chance to do mental

calculations in school
6.53 7.17 0.64 1.74 .0455

Girls are more careful with calculations than boys 6.50 7.61 1.11 3.07 .0020
In teaching, I point out the connections between mathematics and other

disciplines
3.17 2.17 -1.00 -2.98 .0025

Using calculators is more fun for boys than for girls 8.25 7.97 -0.28 -1.22 .1150

Calculators can stimulate a child to study mathematics 2.69 1.97 -0.72 -1.97 .0285
Calculators do not allow students to do simple mathematics on paper 7.22 7.69 0.47 1.41 .0835

It is important for students to see multicultural links to mathematics 2.86 3.16 0.30 0.95 .1735

cases. After the workshop, participants indicated that they
are more likely to use higher order thinking questions for
homework and testc. Here too, changes in attitude were
significant for all items measuring higher order thinking
skills.

On a series of items designed to elicit teachers' percep-
tions of their comfort level with higher order mathematics
problems, significant improvements were noted in nine of
ten items.

Conclusion
Change in the classroom will not occur until teachers are

cognizant of newly emerging standards, nor until they
possess the skills necessary to comfortably integrate new
approaches into the classroom. Project TIME was success-
ful in equipping participants with the attitudes and compe-
tencies that will make it possible to integrate the use of
calculators in the classroom. An important component of
the program was its early reliance upon teachers from the
cooperating districts in all facets of the project design,
scheduling, budgeting, and participant selection. Project

TIME was not an example of university personnel telling
teachers what they needed; it was a collaborative project
that illustrates potential for educational change where a true
partnership flourishes.
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' New York State has statewide examinations, called
Regents Examinations, for most college preparatory
course; Students seeking to earn a state recognized
Regents diploma are required to pass a distribution of
courses and Regents Examinations to earn that diploma.
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Springfield Central Schools, Holland Patent Central
Schools, Sauquoit Valley Central Schools, Utica City
School District, Whitesboro Central Schools, and the
Whitesboro Teacher Center.
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Calculator Use in a
Summer Pre-algebra

Program

Ron Zambo
Arizona State University West

This paper presents a description of one high school
district's initial attempts at reforming their mathematics
cwriculum. The reform process included the implementa-
tion of an intensive summer Pre-algebra Academy for
incoming ninth graders. The goal of the Academy was to
prepare incoming freshman, who previously had been
placed in either Pre-algebra or general mathematics, for
placement in Algebra, instead. A major element of the
reform process was the purchase of calculators that were
made available to students in the summer program and
would remain available to them throughout their entire high
school careers.

Calculators in Mathematics Education
The notion of providing students with calculators for

mathematics classes is not new. Since the appearance of
pocket calculators in the early 1970s, mathematics educators
have been aware of the potential of calculators for changing
the focus of mathematics instruction. As early as 1973,
Hawthorn, believing that pocket calculators would soon
become commonplace, proposed that calculators would
change the focus of mathematics from lengthy arithmetic
calculations using paper and pencil, to understanding the
concepts of arithmetic.

As calculators became more available in classrooms,
their future looked promising. Wheatley (1980, p. 620)
realized that, "Calculators have the potential of reshaping
the mathematics curriculum in our schools." Bitter (1980,
p. 323) observed that "...student use of calculators within the
classroom is increasing. [D]ue to the increasing endorse-
ments by teacher educators, teaching organizations, and
textbook publishers, it appears that their use will continue to
increase."

As the use of calculators increased in homes and
businesses, researchers investigated the effects of classroom
calculator use on mathematics achievement and on students'
attitudes toward mathematics. Although individual studies
had varying results, Hembree and Dessart (1986), using
meta-analysis techniques on 79 studies conducted from
1969 through 1983, found strong evidence supporting
calculator use. They concluded that at all grade levels K-12,

except the 4th grade, calculators improved paper and pencil
skills in computation and improved skills in problem
solving. In addition, they found that calculator use was
associated with both improved attitudes toward mathematics
and improved self-concept.

The evidence supporting the benefits of calculator use
was powerful and the National Council of Teachers of
Mathematics (NCTM) repeatedly endorsed the integration
of calculators into mathematics instruction. The NCTM
supported calculator use at all grade levels in An Agenda for
Action (1980), a position statement about calculators in the
classroom (1987), and in the Curriculum and Evaluation
Standards for School Mathematics (1989). In all three
communications, NCTM suggested that calculators in the
classroom could reduce the time students spent on practic-
ing paper and pencil calculations. The time gained could be

spent on developing an understanding of concepts, reason-
ing, and problem solving skills, as well as using and
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applying mathematics in more realistic situations. Nonethe-
less, curricular change is slow and changes in mathematics
instruction are no exception. Calculator use has not
proliferated in the classroom despite the conviction that
calculators should be accessible to all students because of
their demonstrated benefits and the continued and repeated
support of the NCTM.

Results of the International Assessment of Educational
Progress indicated that although 89% of 13 year old
students questioned owned a calculator, only 54% of them
had ever used a calculator in the classroom (Educational
Testing Service, 1992). The Educational Testing Service
(ETS) (1992, p. 56) report stated that, "[calculators] were
not yet a part of regular [classroom] instruction." Loyd
(1990) found a less encouraging pattern when studying
calculator use with high school students. Of the students
surveyed only 16% reported daily use, 14% weekly use, and
14% monthly use. About 50% of the high school students
surveyed almost never used calculators in their classes.
Recommendations of the NCTM may have been heard,
Zambo (1993a) found that 61% of 7-8 grade teachers
questioned agreed that calculators are a useful tool for
problem solving. Nevertheless, it appears that the recom-
mendations have gone unheeded, only 26% of same
teachers agreed with a statement that they allow their
students to use calculators when solving word problems.

What factors have impeded the acceptance of calculators
as an important part of mathematics instruction? One factor
may be the back-to-basics perspective of mathematics that is

still held by many educators. Some schools, despite the
recommendations for reform by NCTM, still maintain
curricula that designate paper and pencil computational
skills as prerequisite to the study of higher mathematics. An
example of the emphasis still placed on paper and pencil
computations is the placement test for algebra that was used
in the school district that is the focal point of this study. A
large proportion of the items on that placement test evalu-
ated students' paper and pencil computational skills with
fractions, decimals, and percentages. If paper and pencil
calculation skills are viewed as a high priority in a math-
ematics curriculum, then calculators can be viewed as a way
for students to circumvent mastering those skills. Schmidt
and Callahan (1992) concluded that one factor impeding
calculator use was fear that students would not master
computational strategies and mathematics concepts on their
own, but would use the calculator as a crutch.

As a result, students at the middle school and high
school levels who have not mastered paper and pencil
computational skills are caught in a ruinous cycle of taking
"general mathematics" classes. Not recommended for
advancement to potentially more motivating topics because
of their lack of computational skills, these students are
doomed to the boredom and frustration that accompanies
the repeated practice of those skills semester after semester.
For these students, calculators could serve a crucial role by
providing them with a reliable method of computing. Freed
of the computational "albatross", students could advance to
the study of other mathematical concepts, in particular those

of algebra. This paper describes calculator use in a summer
pre-algebra program designed by a high school district as
one part of their efforts to totally reform their mathematics
curriculum. The assumptions that using calculators for
comptaation is good and that students should focus on
understanding were central to the program.

The Pre-algebfa Academy
The high school district that is the focus of this study is

located in a southwestern state and is comprised of two high
schools. The district, had the major goal of improving
mathematics insvuction at their schools by aligning their
mathematics curriculum with the recommendations of
NCTM. It was anticipated that through the process of
alignment, they could develop a curriculum that would
provide their students with motivating coursework that
would prepare them for life by making them problem
solvers. Major elements of the proposed reform included:
the use of calculators in all mathematics courses (before
these changes calculators were only used in trigonometry
and calculus), a focus on conceptual understanding instead
of procedural understanding, an increase of application and
problem solving, and the placement of all ninth graders into
algebra or higher course work. Historically less than 40%
of the incoming freshman were placed in algebra or above.

In the initial stages of reform, the school district adopted
a new mathematics series for the algebra, geometry, an
advance algebra sequence that focused on concept forma-
tion, applications, and problem solving. Additionally it
conducted a Pre-algebra Academy to provide ninth graders,
who otherwise were to be placed in pre-algebra or general
mathematics during the regular school year, with the
opportunity to earn placement in algebra. The Pre-algebra
Academy was a two stage project that included a two week
summer teacher inservice program and a six-week summer
student program. The goal of the academy was to upgrade
the students' placement before the inception of the school
year. The summer program was taught by 12 teachers who
had participated in the two week teacher inservice program.

The summer program was based on the assumptions that
all students can learn the concepts and skills necessary to
successfully study algebra, and that the mastery of compli-
cated computation was not prerequisite to attaining those
concepts and skills. Outcomes for the student program
included: the conceptual understanding of integers, frac-
tions, and decimals; the conceptual understanding of the
operations as applied to integers, fractions, and decimals;
and the skill of applying those concepts in problem solving
situations. To release the students from the paper and pencil
computational requirements, the district purchased class sets
of Casio f/g 7700 graphing calculators. After the summer
program the calculators were placed in the regular high
school mathematics classes to be available for student use
throughout the year.

Data Collections
Teachers were surveyed before and after the two-week

inservice component using Liken-type items written by the
program administrators. The teachers indicated their
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agreement with statements by choosing "Strongly Agree",
"Agee", "Disagree", or "Strongly Disagree". A portion of
the items was related to their beliefs and practices concern-
ing calculator use in their classrooms. Students were also
surveyed before and after the six-week summer program
using similar Liken-type items. Analyses of Variance were
used to determine significant differences between pretest
and posttest responses. In addition to the survey data,
anecdotal data concerning calculator use were collected
from teachers over the course of both the teacher inservice
and student program.

Results From the Teacher Inservice
The pre-academy survey data indicated that the group of

teachers chosen for the program had attitudes toward
calculator use congruent with NCTM recommendations (see
Table 1). With a score of "4" indicating strong agreement
and a score of "1" indicating strong disagreement, the
teachers disagreed that "calculators get in the way of
learning" and that "calculators should only be used after
paper and pencil computation is mastered" before the
inservice. Their disagreement was stronger after the
academy. Teachers indicated that they used calculators
more by the end of the academy (they used them each day
of the academy) and their confidence in using the graphing
calculators increased significantly (p<.01).

The teachers were each issued one of the graphing
calculators on the first day of the teacher inservice. The
program planners encouraged the teachers to familiarize
themselves with the calculators and use them as they
experienced the inservice. The teachers' unlimited access to
the calculators was also intended to mirror the student
access to the calculators that would occur later. Although
they all knew hoW to use a typical four function calculator,
most of them (9 out of 12) were not familiar with the
operation of the graphing calculators. The calculators'
apparent complexity and unfamiliar use of symbols, for
example, the absence of an "=" key, were a cause of anxiety
to them The teachers were also concerned because they
were supposed to help their students learn how to use these
calculators and they did not know how themselves.

In addition to the daily access to the calculators, two
hours of formal calculator training were provided on the
third day of the teacher inservice. The training consisted of:
(a) the teachers independently working through the "Quick
Start" orientation section included in the calculator's

handbook; (b) an exploration, guided by the chair of c ne of
the high school mathematics departments; (c) of operAtions
on fractions, decimals, percentages, and integers, and (d)
examples of problems that were considered more difficult,
for example, complex fractions. Although the training was
minimal and the teachers were still not able to use the full
capabilities of the calculator, by the end of the inservice,
they were all confident that they could assist their students
in using the calculators and deal with any difficulties that
might arise. This change occurred even though only two
hours of formal training were provided. It was concluded
by the project coordinators that the daily use over the two
week period probably was a contributing factor to the
teachers' confidence in calculator use.

Results From the Student Program
The student program had an enrollment of 288 students

who would begin high school that year. Of those 288, 262
were placed in algebra in their freshman year following
participation in the program. Scores on the posttest from the
summer program compared to the pre-test were an average
of 59% higher. The large gain and other data sources not
described in this paper were the basis for considering the
summer program a success (Zambo, 1993b).

The teachers had gained confidence in their use of the
calculators during the two-week inservice. However, they
were still concerned that the students in the summer
program would be intimidated, confused, and frustrated by
the complexity of the graphing calr ulators, the feelings they
themselves had experienced. Tfr, students were introduced
to the calculators on the first ckys of the six-week program.
The teachers as a group decided to have the students work
through the "Quick Start" introduction provided in the
calculator's handbook just as they had. They did not have
high expectations, however. The summer program was
designed as a remedial course, and the teachers believed that
the low mathematics achievement of the students in the
program would prevent them from understanding the
calculators. Contrary to the teachers' expectations, the
students were not confused by the sophisticated nature of
the calculators, but excited. Teachers reported that the
students, working in small groups, were able to wo; k
through the introduction with little need for assistance.
Some of the students were so enthusiastic that they contin-
ued to work through scheduled break times.

During the remainder of the program the students were

Table 1
Statements, Pretest and Posttest Means, and Gains for the Teacher Questionnaire

Statement Pre Post Gain

Calculators usually get in the way of learning mathematics. 1.45 1.20 -.25

Calculators should only be used after students learn how to compute with paper and pencil. 2.45 1.90 -.65

I use a calculator often. 3.00 3.50 .50

I can efficiently use a graphing calculator. 2.00 3.00 1.00 *

* Significant at the .01 level.
n =ll
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allowed daily use of the calculators. Although the calcula-
tors were always availabik:, t;":..v. were frequent times when
they were not needed. For example, using a manipulative
kit to model integers was accomplished without need of a
calculator. None of the teachers reported problems associ-
ated with calculator use. However, teachers did reporr
positive aspects about the availability of calculators.
Teachers commented that they had much more time to work
on concepts and problem solving without the burden of
practicing computational skills. They thought that the
increased attention to concepts and problem solving was
more interesting for the students than skills practice and that
it required real "thinking" from the students. The teachers
soon realized that the studeniS-were not "tied down" by their
inability to compute. They reported that the use of the
calculators eliminated the computational errors that
frequently prevented students from correctly solving
problems and felt that the students' confidence in their own
abilities increased as a result.

With a score of "4" indicat:ing strong agreement and a
score of "1" indicating strong disagreement, the student pre-
survey data indicated that the students in the program saw
calculators as useful tools but did not use them much at
home or in class (see Table 2). They also tended to agree
that they liked to use calciLitors to solve problems and they
would like to learn more about calculators. They tended to
disagree that calculators made work more difficult.

After the academy, there were statistical differences on
three of the statements. Students agreed more strongly that
they used calculators in class (94% in agreement compared
to 54% in agreemtnt on the pre-survey). They also
indicated a stronger agreement about liking to use calcula-
tors to solve problems. Moreover, disagreement increased
to the statement that calculators make work more difficult.

The results of the student survey did not indicate any
negative effects of calculator use. Other survey data, not
reported here, indicated that the students' attitudes toward
mathematics and their confidence in their mathematics
ability increased over the course of the program. These
changes cannot be attributed solely to the calculators,

because several aspects of the summer program were
different from courses the students had completed in the
past. However, based on the teachers' comments about the
students' attitudes toward calculator use, it seems reason-
able to assume that the calculators contributed, in part, to the
improved student attitudes and confidence.

Conclusions
The experience of the Pre-algebra Academy indicated

that the inclusion of calculators can have a positive effect on
the mathematics reform process. The student program was
considered a vital part of the school district's reform efforts,
and the calculators were a vital part of the student program.
Teachers entered the program with reservations about the
use of calculators, but gained both the skills and the
confidence to allow calculator use in their classrooms with
only a moderate amount of training. The introduction of
calculators into the classrooms allowed teachers to "change
the face" of mathematics instruction by focusing on
concepts and applications instead of paper and pencil
computational skills. Although preliminary data indicate
that the program was a success, the most important evalua-
tion will be the comparison of the progress of the project
participants, as measured by semester grades, with non-
participants placed in dr. same algebra classes. It is the
belief of the school district that the use of calculators
allowed teachers the time to build a foundation of concep-
tual understanding and thinking skills that will enable these
students to continue successfully in the study of algebra.
Without the use of calculators as a resource for computa-
tional requirements, these students would still be restricted
in their mathematics advancement due to their lack of
computational skills.
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The major influence of technology in mathematics
education is its potential to shift the focus of instruction
from an emphasis on manipulative skills and algorithms to
an emphasis on development of concepts, relationships,
structures, and problem-solving skills (Corbitt, 1985).
Campbell and Fey (1988) have noted that use of technology
must change not only how mathematics is taught (instruc-
tional component) but also what mathematics is taught
(curriculum component) and the setting in which it is taught
(contextual component). Technology could play a powerful
role, both as a catalyst for change and as a resource to
facilitate the transformation of teaching and learning
(David, 1990). Together, reform and technology create a far
more powerful force for change than either is alone.

The National Council of Teacher of Mathematics
(NCTM) has repeatedly encouraged mathematics educators
to reform the curriculum and incorporate more technology
into classroom instruction. The Curriculum Standards
(NCTM, 1989) emphasize problem solving, higher-level
thinking, and communication and provide criteria for
incorporating calculators into the school mathematics
curriculum. The Teaching Standards (NCTM, 1991)
advance the vision of high-quality instruction through the
use of technology. Now, the Assessment Standards
(NCTM, 1993) point to the need to make teaching and
assessment consistent in their uses of technology. However,
educators must determine effective methods for producing
the suggested reforms and implementing changes in
schools.

Teacher involvement in the planning and development
of an innovation is a significant factor in implementation of
that innovation. Stein and Wang (1988) examined curricu-
lum development and implementation and found that
innovations may produce disappointing outcomes, not
because of inadequacies of the innovative idea but because
of lack of teacher involvement in the development of the
innovation. It is through the teaching process that class-
room teachers breathe life into a new curriculum (Morin,
1986). In the final analysis, it is classroom teachers who
implement a curriculum, adapt it to the needs of students,
and inject into it their individual teaching styles. Quite
simply, an innovative curriculum is not what the profes-
sional reformer has designed but rather what the teacher has
made it.

Teaching Mathematics with Calculators
(TMC) Project

The TMC project, directed by John Kenelly and John
Harvey and funded in part by the National Science Founda-
tion and the Texas Instruments, Inc., is designed to assist
teachers in grades 6-12 learn to use calculators effectively in
teaching mathematics. The project developed (a) a summer
institute program (implemented in two school districts in
Texas) and (b) video tapes and print materials which form
the core of a "national workshop" for teachers to use at any
school. The video tapes show classroom lessons, and the
print materials provide model activities that can be used in
instruction. Materials have been disseminated through the
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Mathematical Association of America and the National
Council of Supervisors of Mathematics. National evalua-
tion surveys indicate that recipients of the materials are
generally positive about them.

The model of teacher inservice for the two pilot districts
is a teacher-leader model. One group of teachers was
selected to participate in summer inservice sessions in two
successive summers. During the first summer the goal was
to help those teachers learn how to use calculator technol-
ogy, both personally and in instruction. Teachers engaged
in activities prepared by the project directors, and then
teachers drafted materials that would illustrate for other
teachers how to use calculators effectively in teaching
mathematics. During the second summer, the teachers
revised those materials from their perspective after one
year's experience with calculators in instruction. The lead
teachers then provided inservice for their peers.

Research on the Teacher Leader Model
The purpose of this study was to investigate the effects

of both teacher involvement in the development of calcula-
tor materials and teacher leadership roles in the training of
other teachers on instructional strategies and implementa-
tion of calculators in classrooms. Three goups of middle (n
= 8) and high school (n = 21) teachers were compared: (a)
lead teachers (n = 11) who received intensive calculator
training from the project directors, assisted in the develop-
ment of calculator materials, and served as teacher trainers,
(b) teachers (n = 11) who received calculator training from
the lead teachers, and (c) teachers (n = 7) who received no
calculator training in the TMC project. The goal was to
measure whether the three groups of teachers used calcula-
tors differently in instruction.

Three instruments were used during classroom observa-
tions: (a) Observation Rating Scale for Calculator Imple-
mentation, or ORSCI (Williams, Waxman, & Copley,
1991), (b) Observation Schedule of Teacher Roles with
Calculators, or OSTRC (Williams, Mitchell, Waxman, &
Copley, 1992 - a), and (c) Classroom Calculator Observa-
tion Schedule, or CCOS (Williams, Mitchell, Waxman, &
Copley, 1992 - b). ORSCI, a high-inference instrument,
assesses the quality of the calculator instruction, measures
the amount of calculator use, and identifies the kinds of
student activities involving calculators. OSTRC, a low-
inference instrument, generates information on teachers and
their behaviors when calculators are present; it measures
interaction, setting, purpose of interaction, and nature of
interaction. CCOS, a low-inference instrument, documents
observed students behaviors in the context of ongoing
classroom instructional-learning processes; it indicates
which NOM curriculum standards are being met, the types
of classroom activities and student activities used, the
setting, and specific uses of calculators.

Each teacher was observed by a trained observer during
one complete mathematics period in February 1993;
tea..thers were not told when the observation would occur.
Eight 30-second sweeps of the teacher and an additional
eight 30-second sweeps for each of six randomly selected

students in the classroom were completed and scored on the

OSTRC or CCOS instruments. Observation data were
analyzed at the teacher level for possible differences among
the three groups. The dependent variables reported here
include three scales from ORSCI, four scales from OSTRC,
and five scales from CCOS. For each indicator within these
scales, mean scores for each teacher were computed, from
which group mean scores were calculated and compared.

Results
Due to the small numbers of teachers in the three

groups, statistical tests of differences were not significant.
However, observed differences did show interesting trends
that shed light on the inservice model of the TMC project.
(In the discussion that follows, means in parentheses are
always for groups a, b, and c, respectively. The maximum
score in each case is 8.)

Whole group instruction was the predominant means of
instruction, though lead teachers used small group instruc-
tion most often (1.55, 0.09, 0.00) and traveled from student
to student or fiom group to group most often (2.09, 0.73,
0.86). Lead teachers placed the most emphasis on content
(1.55, 1.27, 0.71) and the least emphasis on product (0.27,
0.55, 1.14); teachers in group b spent the most time on
process (3.18, 3.36, 2.57). Lead teachers gave the most
emphasis to questioning (3.09, 2,91, 2.43), listening (2.18,
1.73, 1.57), and modeling (3.82, 3.36, 3.14).

Students of lead teachers were encouraged most often to
interact with other students about their class work (1.73,
1.05, 1.02) and were most often observed working in groups
(1.88, 0.55, 0.45). Lead teachers demonstrated use of
calculators most often (2.09, 1.91, 1.71), integrated calcula-
tor use throughout class activities most often (3.64, 3.09,
3.00), and provided the most opportunity for students to use
calculators to explore mathematics (1.82, 1.64, 1.14). In
contrast, students of lead teachers used calculators least
often for computing (3.57, 3.85, 4.00), solving routine word
problems (1.00, 1.38, 2.00), and checking answers (1.00,
1.13, 1.60).

Discussion
It appears that teacher involvement and teacher leader-

ship roles in the development and implementation of an
innovation (i.e., mathematics instruction with calculators)
has some immediate effect on teacher instructional strate-
gies and classroom activities. Research summarized by
Loucks-Horsley and Hergert (1985) indicates that it takes
from three to five years for a change to become totally
incorporated into a teacher's instructional approach. Thus,
we can expect that change amcnig the lead teachers will
continue and that differences between untrained teachers
and teachers trained by the lead wehers might continue to
increase. The data reported here support the lead teacher
model as an effective way to promote change in large
numbers of teachers. That is, lead teachers can be empow-
ered to pass on their new perspectives to colleagues, and
those colleagues can be expected to make changes in their
instruction.

The results of this study also demonstrate that the level
of change is affected by the degree of involvement in the
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change process. That is, more intense involvement is
associated with more dramatic change. From one perspec-
tive this is not a surprising resui, more intense interventions
should be expected to produce g.dater changes. From a
different perspective, it is important to understand that as the
teacher leader model is implemented on a large scale, and as
the deliverers of an innovation become more removed from
the source cf the innovation development, less change
should be expected and more time may be required for
teachers to make any pre-specified level of change. That is,
lead teachers may need more time than experts like the
directots of the TMC project to help their colleagues
change. We will need to be patient in supporting lead
teachers as they work with colleagues over an extended
period of time.
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This article summarizes three studies that were con-
ducted in conjunction with a U. S. Department of Education,
Dwight D. Eisenhower Mathematics and Science Education
Program Grant investigating calculator implementation, and
calculator curriculum development, in middle school
mathematics classrooms. The three-year project involved
approximately 80 sixth, seventh, and eighth grade math-
ematics teachers, five middle schools, and 12,000 students
from a large, multi-ethnic, metropolitan school district
located in a large city in southeast Texas.

All of the middle school mathematics teachers in the
district received at least 12 hours of inservice nining on
how to integrate the calculator into the curriculum. Some of
these teachers were involved in the writing of calculator
curriculum activities; others field tested 'he activities. The
teachers were encouraged to inc orporate into the existing
curriculum the activities being developed as well as other
activities that utilized the power of the calculator and
implement an open policy on calculator use. Students were
issued fraction calculators that they could take with them
and use in all their classes as well as at home.

The three studies described in the present article were
designed to identify differences in the implementation
process among groups of teachers with varying initial
attitudes toward calculators, among groups with varying
responsibilities in the curriculum development process,
between experienced and novice teachers, and between
coached and non-coached teachers. Specifically, the three
studies addressed the following issues: (a) the effects of
teacher involvement in the development of calculator
curriculum on the implementation process, (b) instructional
differences involving calculators between experienced and
novice teacher, and (c) the effects of coaching on technol-
ogy use and instructional practices.

Effect of Teacher Involvement in the
Implementation Process

The literature on educational change indicates that
teacher involvement in the planning and development stages
of an innovation is a significant factor in its implementation.
Teachers must experience some sense of meaning, practical-
ity, and ownership early in the change process for imple-
mentation to gain momentum; otherwise teachers will
abandon the efforts and the implementation will fail (Cuban,
1990; Fullan & Stiegelbauer, 1991; Strathe & Hatcher,
1986). Because the teacher is the actual implementor of
classroom change, successful classroom innovation is
dependent upon teacher support and commitment (Crandall,
1983; Sarason, 1990). Commitment can evolve from
participation in the development of curriculum because the
participation offers teachers a role in shaping educational
programs, a sense of involvement and responsibility in the
implementation process, and thus a commitment to the
success of the program (Morin, 1986).

The selection of the subjects for this quasi-experimental
study was based upon the teachers' initial attitudes towards
calculators and their involvement in curriculum develop-
ment. It was hypothesized that teachers' atlitudcs toward
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change process. That is, more intense involvement is
associated with more dramatic change. From one perspec-
five this is not a surprising result; more intense interventions
should be t\xpected to produce greater changes. From a
different pqspective, it is important to understard that as the
teacher leadè model is implemented on a large scale, and as
the deliverers f an innovation become more removed from
the source of thç innovation development, less change
should be expectecd and more time may be required for
teachers to make any pre-specified level of change. That is,
lead teachers may nt,ed more time than experts like the
directors of the TMOproject to help their colleagues
change. We will need ;,o be patient in supporting lead
teachers as they work w4th colleagues over an extended
period of time.
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calculators and their involvement in cuniculum develop-
ment would affect the implementation process. This study
compared the implementation process of three gruups of
mathematics teachers: (a) 15 teachers who had high
attitudes toward calculators and were members of the
calculator curriculum writing team , (b) IS teachers who had
high attitudes toward calculators and were not members of a
writing team, and (c) 15 teachers who had low attitudes
toward calculators and were not members of a writing team.

The curriculum writing team was released one day each
month for two school years for the purpose of writing
calculator curriculum. These meetings included more than
curriculum writing and editing; they also included neces-
sary discussions on issues involving curriculum change,
calculator use, change of teacher's role when technology is
present, and needed change in organizational structure of
classrooms. The comparison groups of non-writers received
th, same 12 hours of calculator in-service training as the
writers, participated in three district-wide calculator
meetings with the writers, received input on calculator
implementation during mathematics department meetings,
and implemented what the writers wrote, but participated
very little in the actual development of the curriculum.

During the spring semester of the first year of the
project, each of the 45 teachers was observed four times by
trained classroom observers. The Observation Rating Scale
for Calculator Implementation (ORSCI) (Williams,
Waxman, & Copley, 1991) was used to assess the quality of
the calculator instruction, to measure the amount of
calculator use in each classroom, and to identify the kinds of
activities in which students are involved when they use
calculators.

One-way analyses of variance were used to compare the
three groups of teachers on each of the 17 observation
indicators used to measure the quantity and quality of
calculator instruction and use. In each case, the curriculum
development group scored higher than either of the two
control groups (Williams, 1993; Williams, Copley, Huang,
& Waxman, 1993; Williams, Copley, Huang, & Bright,
1993). Significant differences among the three groups were
found for seven of the indicators. Post hoc results indicated
that the curriculum development group was observed
significantly more often than the other two groups: (a)
explaining relationships between calculator and paper-and-
pencil algorithm, (b) stressing use of the calculator as a
"time-saver", (c) stressing use of the calculator as a "prob-
lem-solving" tool, (d) initiating use of calculators in the
classroom, (e) involving students in exploration and
induction activities, (f) providing students with opportuni-
ties to solve application problems, and (g) allowing students
to use calculators for self-checking and verification pur-
poses once students have mentally computed or estimated
answers. Surprisingly, no significant differences were
found between the two control groups. These findings
indicate that active teacher participation in curriculum
reform involving technology may be a more significant
factor than teacher attitude toward calculators for affecting
classroom calculator implementation and selection of

student activities.
From this study, we concluded that curriculum adapta-

tion is, at least sometimes, an effective way to help teachers
install an innovation. It also appears that the curriculum
adaptation is more effective than short-term inservice
training on the implementation process. The increased
involvement in the curriculum design provided more
opportunities, and created a greater need, for discussions on
calculator implementation issues than the 12 hour inservice
training, the district-wide calculator meetings, or the
mathematics department meetings.

Implementation Practices of
Experienced and Novice Teachers

Researchers have found that the planning and instruc-
tional behaviors of experienced and novice teachers are
often different and that these differences can be identified
and used to improve the novice teachers' instruction.
Studies of effective teaching have identified several factors
which differentiate expert teachers from novice teachers.
These factors include: planning, adjustments to lesson
during teaching, timing, pacing, focusing attention, guiding,
questioning, managing, content knowledge, and pedagogical
knowledge (Carter, 1988; Clark & Lampert, 1988;
Clarridge, 1990; Feiman-Nemser & Buchmann, 1989;
Leinhardt & Greeno, 1986; Livingston & Borko, 1989).
Although there are numerous studies on teacher expertise,
few have examined the instructional differences between
veteran and novice teachers in technology-enriched
classrooms. Recently, Jensen and Williams (1993) noted
that in the presence of technology experienced teachers
undergo managerial concerns not unlike novice teachers.
They maintain that it takes at least one year before teachers
can shift their efforts from managerial to curricular con-
cerns. It is also possible that teachers (experienced as well
as novice) need assistance in learning to effectively imple-
ment technology during instruction.

This study compared the instructional strategies,
classroom interaction, classroom activities, and amount of
classroom calculator use between 14 experienced teachers
and 14 novice teachers. Each teacher was observed six
times during the school year by trained classroom observers.
The dependent variables were: (a) measures of teachers'
use of instructional materials, (b) teacher's instructional
activities, (c) classroom management, (d) set induction, (e)
content focus above the skill/knowledge level, (f) teacher
questioning, (g) emphasis on higher-level thinking in the
classroom, (h) classroom environment, (i) teacher imple-
mentation of calculators, and (j) student activities involving
calculators.

Ivic;an percents, standard deviations, and t-values were
computed for the comparisons between the novice and
experienced teachers on the 10 scales (Williams & Mitchell,
1993; Mitchell, Williams, Waxman, Huang, 1993). The
experienced teachers scored higher than the novices on each
scale. Significant differences Were found for four of the
eight general classroom instruction scales: use of appropri-
ate instructional materials, set induction, content focus
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above skill/knowledge and application level, and classroom
environment. Two additional scales approached signifi-
cance: questioning strategies (p < .06) and emphasis on
higher order thinking (p < .07). Signific..::: differences were
not found, however, for either of the two scales which
focused on calculator instruction and use.

The results of this study support previous research
regarding the differences between the general instructional
practices of experienced and novice teachers, and add to the
research base regarding the lack of observable instructional
differences when technology is present. It appears that the
introduction cf technology requires rethinking and retrain-
ing even for the teacher who is expert in instructional
strategies.

Effect of Coaching on the
Implementation Process

The importance of teachers observing other teachers and
the development of peer and self-reflective strategies have
been advocated since the mid-seventies and continue to be a
focus of studies (Sharan & Hertz-Lazarowitz, 1982;
Showers, 1984). Coaching, a process in which teachers can
interact with other teachers to practice new and experimen-
tal techniques without fear of evaluation, is the method that
is often implemented to accomplish effective change (Joyce
& Showers, .1988). Coaching appears to contribute to
transfer of training by encouraging greater long-term
retention of knowledge and skill with strategies (Baker &
Showers, 1984) along with a more appropriate use of newly
learned strategies and models of teaching (Showers, 1982;
1984). Once again, few studies have extended these
investigations to classrooms where technology is actively
being used.

Fourteen teachers from the school district involved in
the grant registered for a masters-level education class
entitled, "Problem Solving with Calculators". The content
of the course included: (a) instruction on the use of calcula-
tor technology, (b) instruction on effective teaching with
technology, (c) instruction on problem solving heuristics
and strategies, (d) modeling sessions by the two class
instructors of the content emphasized during instruction, (e)
two individual coaching sessions between university faculty
and class participants, (f) at least two additional individual
coaching sessions between class peers (peers as partners),
and (g) an introduction to a variety of activities involving
higher-level content and calculator use. The class instruc-
tion focused on how the calculator could best be used as a
tool for higher-level thinking, problem solving, and student
involvement. The importance of a student-centered
classroom with its implications were stressed and modeled
during the problem solving class as well as during the
coaching sessions.

A modified version of Joyce and Showers (1988)
coaching model was used during class instruction as well as
during the individual coaching sessions. All coached
teachers participated in the four individual coaching
sessions. The sessions followed the following sequence:
(a) university faculty taught participant's students, class

participant coached, (b) class participant taught own
students, university faculty coached, (c) one class partici-
pant taught, class participant partner coached (peer coach-
ing), and (d) class participant partners described in part c
reversed teaching and coaching roles. Each coaching
session began with a presession in which the teacher and
coach discussed the upcoming lesson objectives. During the
coaching session, the lesson was taught by the teacher and
the coach recorded observations, questioned students about
their understanding of the lesson, and noted specific
concerns. The coaching session then ended with a post
discussion between the coach and the teacher in which the
concerns were addressed, the observations and recommen-
dations were reported, and future plans were made.

Fourteen additional teachers from the same school
district were randomly selected to represent the non-
coached group. Since the teachers taking the class were
self-selected and impossible to randomly select, the non-
coached and coached groups were compared using demo-
graphic data. Both groups were similar in educational
backgound, number of years of teaching experience,
ethnicity, gender, and participation in university course
work beyond their degrees. The only observable differences
between the experimental and control groups was in the
level of their certification. Nine of the 14 coached teachers
and four of the 14 non-coached teachers were elementary-
certified rather than secondary-certified.

All teachers were observed by trained observers on four
separate times during a 45-minute mathematics class period.
Two of the observations occurred during early fall semester
in which the coaching sessions and the problem-solving
class took place; the other two in January after the class was
completed. Teachers were not informed when they would
be observed; coaching sessions were never observed by the
trained observers. Four constructs were specifically
observed in this study: (a) higher-level content focus in
lesson, (b) use of calculators as problem-solving tools, (c)
student-initiated use of calculator, and (d) teacher-initiated
use of calculator.

Significant differences were found for three of the four
constructs (Copley & Williams, 1993). The coached group
spent significantly more time focusing on higher-level
content than did the non-coached group during and after the
coaching period. Significant differences during the
coaching period were found between the two groups for use
of "calculators as problem-solving tools" and "student-
initiated use of calculators", but there were no significant
differences between the groups on these constructs during
the postcoaching observations. On Constructs 1, 2, and 3,
the coached group had higher means, and the means
increased from initial to post observations. No significant
differences were found between the coached and non-
coached groups on "teacher-initiated use of calculator"
during or after the coaching period.

The results of this study support previous research
regarding the effectiveness of coaching and add to the
research base the observable effects of a short-term coach-
ing model on the appropriate use of technology. The
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significantly fgeater higher-level content focus of the
coached group of teachers that occurred during the coaching
session and persisted even after the coaching session is a
promising finding. The significantly higher use of calcula-
tor technology as a problem-solving tool by the coached
teachers during the.coaching session seems to be congruent
with the higher-level content focus and further supports the
effectiveness of coaching.

Conclusions
The findings from the Middle School Calculator

Curriculum Project indicate that more effective calculator
implementation occurred as a result of active teacher
involvement in curriculum development, participation in
peer coaching, and instruction in subject-matter (problem
solving) content. Teacher attitude toward calculators, short-
term inservice training, and general instructional expertise
seem to have limited effects on the implementation process
when technology is present. Training specific to effective
teaching with technology appears to be necessary for both
preservice and inservice teachers. More research on the
implementation of curricular or instructional innovations
involving technology, however, is needed for us to fully
understand the contextual and implementation factors that
influence teacher and student outcomes.
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Middle school mathematics teachers are currently faced
with many instructional dilemmas. Standards, for example,
have been adopted from the National Council of Teachers of
Mathematics that call for the integration of technology in
the curriculum and an increased emphasis on students'
problem-solving achievement in the classroom (National
Council for Teachers of Mathematics, 1989, 1991). These
changes in the mathematics curriculum, however, are often
very stressful for classroom teachers because many have not
had adequate preparation and training on how to effectively
use technology and/or teach problem solving.

A second growing concern in middle schools today is
the increased number of students who experience alienation
in school (Calabrese, 1987; Gullotta, 1983; Tucker-Ladd,
1990). Secondary school students are often characterized as
being (a) uninterested in their school work, (b) apathetic
toward school, and (c) not having a sense of real accom-
plishment (Bishop, 1989; Boyer, 1983; Goodlad, 1983;
Newmann, 1981, 1989; Sizer, 1984). To alleviate this
student apathy and alienation, middle school teachers are
encouraged to provide a warm, supportive environment for
students in their classes in order to help students become
affiliated with school and maintain a sense of belonging in
the classroom. Again, this is often considered problematic
for middle school mathematics teachers who have tradition-
ally been trained as subject-matter specialists, rather than
generic classroom teachers skilled in pedagogy, psychology,
and child development.

Another important concern that teachers are currently
asked to address involves students' confidence in using
technology. While some students are inspired by technol-
ogy, others are repelled by it. Showing students how to
appropriately use the technology is not sufficient in order
for them to become "users." Teachers also need to foster
students' confidence in using technology as well as provide
them the skills that address how and when they should use
technology.

While there have been several studies focusing on
teachers' implementation of technology (Hadley &
Sheingold, 1993; Williams, Copley, Huang, & Bright,
1993), there have been very few studies that have actually
looked at the consequences of technology use on students'
affective outcomes. Furthermore, students affective
outcomes, like confidence with calculators and sense of
belonging, have not been specifically examined nor related
to cognitive outcomes like students' problem-solving
achievement. If mathematics teachers are asked to foster
supportive classroom climates and develop students'
confidence in using technology, it is important for them to
know the extent to which these variables impact important
student outcomes like problem-solving achievement.

The purpose of the present study was to investigate the
effects of calculator confidence and student belonging on
students' mathematics problem solving. In particular, this
study looked at a multiethnic school district where all
middle school students were issued calculators and all the
mathematics teachers received training on how to integrate
calculators into their teaching. Given the naturalistic setting
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of this study wheat calculator access was high and teacher
training was provided, this study examined the affective
components of calculator confidence and student belonging
and related them to students' problem-solving achievement.
More specifically, the study addresses the follcwing
questions: What are students' perceived confidence of
calculator use and sense of belonging in the classroom, and
how do these variables relate to students' problem-solving
achievement.

Methods
This section includes a discussion on subjects, instru-

ments, and procedures.

Subjects
The subjects in this study were 761 eighth grade middle

school studz.nts who were randonly selected from a
multiethnic suburban school district located in a major
urban city in the South Central region of the United States.
The ethnic diversity of the subjects was 31% white, 19%
black, 22% Hispanic, and 25% Asian. The gender distribu-
tion was 54% female and 46% male. Most students in this
district come from lower-middle to upper-middle class
homes, and 40% of these students reported that they spoke a
language other than English before they started school.
Nearly 70% of these students reported that they are receiv-
ing mostly A's and B's in mathematics this year.

This district had received a three-year Department of
Education grant to develop mathematics curricula which
incorporates calculator usage. All the middle school
mathematics teachers received at least 12 hours of training
on how to effectly implement the calulator into their current
mathematics instruction. Teachers also received calculator
curriculum activities that had been developed specfically for
the District during the previous year. Teachers were
encouraged to utilize these activities along with others
found to aid mathematics with calculators. In addition, an
open policy for teaching with calculators among faculty
members was encouraged in order to share information and
new ideas. All middle school students in the district
received a calculator that they could take with them to use in
all their classes or at home. Near the end of the school year,
about 46% of the students indicated that they used calcula-
tors in their mathematics classes everyday, while 28%
responded that they used calculators 3 or 4 times a week,
and 25% revealed that they used calculators only 1 or 2
times a month. Only about 15% of the students indicated
that they use calculators in their other classes at least 1 or 2
times a week.

Instruments
The Student Perceived Calculator Confidence Scale and

the Social Belonging Scale were derived from an adapted
version of the SUPAI Student Calculator Survey (Bitter &
Hatfield, 1992). The Confidence Scale consists of four
items measuring student attitudes toward the use ofcalcula-

tors, while the Belonging Scale (also four items) measures
student sense of belonging in their mathematics classrooms.
Students responded to each item using a four-point Liken-
type scale with "4" indicating strong student agreement

with the item ("very true")and "1" indicating strong student
disagreement with the item ("not at all true"). The instru-
ment has been found to be reliable and valid in previous
studies (Bitter & Hatfield, in press; Huang, 1993) and in the
present study, the internal consistency reliability coefficient
was found to be .68 for the Confidence Scale and .61 on the
Sense of Belonging Scale. The median correlation of
individual items and the overall scale was .50 for the
Confidence and .65 for the Sense of Belonging Scale. The
correlation between Confidence and Belonging was .10
indicating that the scales do not relate to each other and
measure different constructs.

Student mathematics problem solving was measured in
October (pre) and again in April (post) using the Four-Step
Problem Solving Test (Hofmann, 1986). It is a multiple-
choice, paper-and-pencil test designed to measure problem-
solving skills of middle school students. The test consists of
ten nonroutine problems each with four related questions.
The test is based on a four-step heuristic: (a) read to
understand the problem, (b) select a strategy, (c) solve, and
(d) review and extend. The reliability of the total test for
sample sizes larger than 19 ranged from 0.69 to 0.85
(Hofrnann, 1986).

Procedures
The pre- and post Student Perceived Calculator Confi-

dence Scale were given to all mathematics students in the
fall (late October) and the spring (late April) semesters. To
gain an understanding of student problem solving in
mathematics, the Four-Step Problem Solving Test was also
given to students at the same time. In addition, all teachers
of mathematics at one of the five middle schools in the
District were interviewed extensively. Multiple regression
analyses were used to examine the effects of Calculator
Confidence and Perceived Belonging on students'
postmathematics achievement, after statistically controlling
for preachievement.

Results
Table 1 reports the means and standard deviations for all

the variables in the study. The range of possible values for
each subtest of the Four-Step Problem-Solving Test is 0 to
10, while the range for the total test is 0 to 40. A mean
value of four on the Confidence and Belonging scales
indicates that students perceived that the particular variable
was very prevalent (i.e., responded that all the items on the
scale were "very true"), while a mean value of one indicates
the students perceived that the particular variable was not
prevalent (i.e., responded that all the items on the scale were
"not at all true").

Generally, the descriptive results indicate that these
students had average scores on all the Four-Step subtests.
The overall mean on the total pretest score was only about
19, and it only increased slightly to about 20 on the total
posttest. The overall mean values for most of the prettest
subtest scores were about 5, while they varied from about
3.64 to 6.84 on the posttest. The standard deviations
indicated that there was some variance on all the subtests as
well as the total score. There were no subtests that had a
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large number of extreme scores. The mean value for the
scale of Confidence was close to 3.0, which indicates that
students responded that they were fairly confident about
their work in mathematics. The mean value for Belonging
was 3.17, which indicates that overall, students responded
that they felt there was a sense of belonging in their
mathematics classes. The standard deviation for the
Confidence scale indicates that there was not a great deal of
variance on the way students responded to that scale, while
the standard deviation for Belonging reveals that there was
more variation in the way students responded to that scale.

Table 2 reports the regression results for each of the five
regression equations. A series of five setwise multiple
regression equations were employed regressing each of the
four subtest posttest scores from the Four-Step Problem
Solving Test and the total Four-SteRposttest score on the:
(a) appropriate pretest score, (b) Confidence score, and (c)
Belonging score. In the regression equation explaining
student Understanding, for example, the Postunderstanding
score was regressed on the Preunderstanding score, Confi-
dence, and Belonging. The beta weights or standardized
coefficients reported in Table 2 assess how a change in the
dependent variable is associated with a unit standard
deviation change in the values of the independent variables
in the equation. The R2 or coefficient of determination is
also included in the table and it explains how much of the
variance in students' postachievement measure is explained
by the preachievement measure, Confidence, and Belong-
ing. The Tolerance values for each of the independent
variables in each of the regression equations were greater
than .95 indicating that there were no multicollinearity in
any of the regression equations.

In the regression equation explaining the
Postunderstanding subtest score, the three independent
variables accounted for 20% of the variance in the depen-
dent variable. Preunderstanding had a moderate (Beta =

.45), significant (p < .001), positive effect on
Postunderstanding, while Belonging had a very slight (Beta
= .04), positive effect on Postunderstanding. Confidence
had a negligible (Beta = -.02) effect on Postunderstanding.

In the regression equation explaining the Poststrategy
subtest score, the three independent variables accounted for
only 15% of the variance in the dependent variable.
Preunderstanding had a moderate (Beta = .38), significant (p
< .001), positive effect on Poststrategy, while Belonging
had a slight (Beta = .06), positive effect on Poststrategy that
approached statistical significance (p < .10). Confidence
had a negligible (Beta = .01) effect on Poststrategy.

In the regression equation explaining the Postsolution
subtest score, the three independent variables accounted for
23% of the variance in the dependent variable. Presolution
had a moderate (Beta = .48), significarit (p < .001), positive
effect on Postsolution, while Belonging had a slight (Beta =
.05), positive effect on Postsolution. Confidence had a
negligible (Beta = .02) effect on Postsolution.

In the regression equation explaining the Postextention
subtest score, the three independent variables accounted for
22% of the variance in the dependent variable. Preextension
had a moderate (Beta = .47), significant (p < .001), positive
effect on Postunderstanding, while Belonging had a slight
(Beta = .06), positive effect on Postextension that ap-
proached statistical significance (p < .10). Confidence had a
very slight (Beta = .04), positive effect on Postextention.

In the regression equation explaining the Total Four-
Step posttest score, the three independent variables ac-
counted for 48% of the variance in the dependent variable.
Pretotal had a large (Beta = .69), significant (p < .001),
positive effect on Posttotal, while Belonging had a slight
(Beta = .06), positive, significant (p < .05) effect on
Posttotal. Confidence had a negligible (Beta = .03) effect
on Posttotal.

Table 1
Means and Standard Deviations for All Variables

PostestFour-Step Problem Solving
Understanding 6.84 2.51

Strategy 3.87 1.76

Solution 3.64 2.09

Extension 5.72 2.11

Total 20.08 6.76

PretestFour-Step Problem Solving
Understanding 5.11 2.16

Strategy 4.72 1.74

Solution 4.81 2.27

Extension 4.69 2.32

Total 19.34 6.93

Student Survey Scales
Confidence 2.95 .46

Belonging 3.17 .62
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Table 2
Regression of Posiproblem Solving on Preproblem Solving, Confidence, and Belonging

Dependent Variables

Solution Extension TotalUnderstanding Strategy
Independent Variables Bra Bra Bra Bra laza
Preachievement .45*** A7***
Confidence -.02 .01 .02 .o4 .03
Belonging .04 .06@ .05 .06@ .06*

.20*** W=...15***

@ p<.10
* p <. 05

172=.22*** 122.--.48***

Discussion
There are several interesting similarities and contrasts in

the five regression equations. As expected, all pretest
measures had positive, significant effects on the dependent
variables. Second, Belonging had similar slight, positive
effects on each of the dependent measures, while Confi-
dence had negligible effects in most of the regression
equations. In other words, the more belonging the student
reported, the higher the posttest score. The degree of
calculator confidence students reported did not appear to
impact any of the dependent variables. This finding
suggests that the emphasis teachers may place on students
obtaining total knowledge of the usage of the tool may be
unwarranted. A focus on actual problem solving strategies
and heuristic:s may require a brief introduction to the
calculator rather than an in-depth emphasis on mechanical
usage.

Surprisingly, most of the total variance in the posttest
subtest scores was not explained by the independent
variables. Only about 20% of the variance was explained in
the Understanding, Solution, and Extension subtests, while
only 15% of the variance was explained in the Strategy
subtest. About one-half of the variance was explained in the
total Four-Step posttest. These results suggest that there are
other, unexplained factors that account for most of the
variance in the dependent variables.

One additional factor that may need to be addressed in
future studies is the impact of instructional grouping
practices on student outcomes. One teacher, for example,
commented during the interviews how having students work
in groups with calculators helps students develop a sense of
belonging:

"From a real practical standpoint, when you're doing
poup work with four people and only 2 of them brought
their calculators...the other 2 are not allowed to sit and not
be effective. ...Okay, (I'll say) you don't have yours, then
you need to do the recording here. They share calculators.
They'll share papers. They'll share ideas. I think my group

work enables the managerial aspect of only having, say 2
calculators in the group versus 4, to not be a problem, to just
keep right on going because they do work together. They
do share."

When another teacher was asked what were some
typical things she heard kids say when they were working in
these calculator activities, she stated:

"The best one of all is, 'I didn't get that. How did you
get that?' That exchange is so positive with kids because
you want them to say, 'I didn't get that. How did you get it?
Let's go over it,' rather than, 'I like mine so I'm putting it
down.' I mean, they're at least talking about it. Occasion-
allyyou know how adolescent kids arethey'll say,
'Dummy, you pushed the wrong key. Do this, this, and
this.' But they monitor and check each other a lot, and to
me that's peer helping, that's peer coachingand that can
do nothingin my mindbut enrich the involvement of
the kid in that mathematical experience."

The need for learning technology is increasing in our
rapidly advancing world. Too often the picture is portrayed
in movies such as Jurassic Park of competent technologists
who are loaners"hackers" whose control of technology
gives them a position of tremendous power yet are social
outcasts. These negative images show schools as alienating,
lonely places which produce students who are unable to
work with others in business or in relationships . Teaching
with technology, however, may actually work to reverse
this pro pect by providing students with a scaffold under
which exist a network of cooperation (either teacher
directed or "underground"). Both pre- and inservice
mathematics teachers should be made aware of the inher-
ently beneficial ways in which students seek to learn in
social ways with technology. Active encouragement of
such behaviors should be a part of new ways in which to
teach technology. Further ethnographic research may
provide a richer picture about the actual ways in which
calculator usage may contribute to the feelings of social
belonging in the classroom. Additional studies may also
want to specifically investigate how teachers develop
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students' calculator confidence.
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In teacher education, the role and influence of technol-
ogy on teacher and student outcomes has begun to be
extensively researched (Waxman & Bright, 1993). One
area that has not received a great deal of attention, however,
is the relations among cognitive and affective student
outcomes. For years there was a sharply delineated
distinction between the cognitive and affective domains
(Schoenfeld, 1992). Borrowing heavily from Mandler's
(1975) thesis proposed in Mind and Emotion, Norman
(1981) stressed the fundamental importance of the affective
domain (where anxiety and attitude clearly reside) and
identified affect as one of the 12 major issues that was being
neglected in the development of information-processing
models of purely cognitive systems (where mathematics
achievement and problem solving reside). Although most
research on the teaching and learning of mathematical
problem solving has proceeded out of the Polya (1945)
tradition which gives little attention to affective issues,
McLeod (1989), Schoenfeld (1985, 1987) and Silver (1985,
1989) have made strong cases for the importance of
affective factors in research on problem solving. McLeod
(1989) claims that affective influences vary not only by
problem solving strategy, but also by problem solving
stages such as those identified by Polya (1945): (a)
understand the problem, (b) plan solution, (c) carry out the
plan, and (d) examine solution.

Bloom and Broder (1950) conducted one of the early
studies of problem-solving processes. They found that
students often encountered periods of tension and frustra-
tion, especially when they felt that their attempts to reach a
solution were not productive. Although a little anxiety may
help to keep us alert, over-anxiety can be self-defeating in
that it can actually diminish the effectiveness of ots efforts
(Blackhouse, Haggarty, Pirie, & Stratton, 1992). A vicious
cycle evolves when the anxious learner increases the effort
to comprehend but understands less, and thus becomes more
anxious (Skemp, 1987). Hembree (1990) concluded from a
mem-analysis based on 151 studies that higher mathematics
achievement consistently accompanied reduction in
mathematics anxiety. The interrelationship between
cognition and affect implies that mathematics teachers must
consider the effects of affective components of learning
mathematics when planning effective instruction (Adams,
1989).

Suydam (1987) found that calculator usage can have a
positive effect on problem-solving achievement, feelings
about self, and attitudes toward calculators. Jensen and
Williams (1993) believe that much of the problem solving
achievement gains may be the result of an effect they call
"time compression." They claim that calculators can
significantly reduce the time it takes some students to learn
to solve problems. Calculators let students solve challeng-
ing problems that would otherwise take too much time with
paper and pencil. Driscoll (1988) found that calculators
provide several benefits to teachers. Calculators provide a
powerful tool for evaluating the depth of students' math-
ematics understanding and facilitate the teaching and
learning of several concepts and skills which have tradition-
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ally been stumbling blocks in secondary school mathemat-
ics. Research studies have not, however, investigated
whether positive attitudes toward calculators and improved
feelings about self are accompanied by increased problem
solving achievement in middle grades. In particular, studies
have not investigated the effects of students' perceived
confidence in their knowledge of calculator use and level of
mathematics anxiety on the various stages of problem
solving. Information in these areas could impact teaching
approaches used by mathematics teachers. This void in the
research led to the development of the research questions for
the present study.

The purpose of the study was to determine the relations
between student perceived calculator confidence, student
perceived mathematics anxiety, and stages (understand the
problem, select a strategy, solve, check and extend) of
students' pre and post problem-solving achievement. It was
hypothesized that students' initial problem solving achieve-
ment would be highly related to their postachievement
problem-solving scores, but of greater interest was the
examination of the extent to which students' perceived
calculator confidence and mathematics anxiety might also
significantly relate to stages of their problem solving
achievement at the end of the school year. In other words,
the present study examined the extent to which calculator
confidence and mathematics anxiety significantly (p < .05)
affect students' post achievement in problem solving, after
statistically controlling for students' initial or pre acllieve-
ment test scores.

Methods
This section is composed of subjects, instruments, and

procedures.

Subjects
The participants in the study were 1,540 middle school

(i.e., Grades 6 & 7) students who were randomly sel v;ted
from a multicultural school district located in a major
metropolitan city in the South Central region of the United
States. Of these students, approximately 45% were male
and 55% were female, and 47% were in the 6th grade and
53% were 7th graders. The diverse population included
28% Asian, 22% Hispanic, 18% black, and 30% white
students. Nearly 43% of these students indicated that they
spoke a language other than English before they started
school.

Approximately 36% of the students indicated that they
used calculators everyday in their math class; 36% said they
used it about 3 or 4 times a week, while 28% reported that
they only used calculators 1 or 2 times a month. Nearly
one-half of the students responded that they never used
calculators in their other classes and about one-third of the
students said they only used calculators 1 or 2 times a month
in their other classes.

Instruments
The Student Perceived Calculator Confidence Scale was

derived from an adapted version of the SUPAI Student
Calculator Survey (Bitter & Hatfield, 1992). The scale
consists of nine items measuring student attitudes toward

the use of calculators. Students respond to each item using
a four-point Liken-type scale with "4" indicating strong
student agreement with the item ("very true") and "1"
indicating strong student disagreement with the item ("not at
all true"). Cronbach's Alpha which Was used to determine
the reliability of the Calculator Confidence Scale was found
to be 0.68. The median correlation of the individual scale
items and the overall scale was 0.55.

The Student Perceived Mathematics Anxiety Scale was
derived from the Motivation Strategies Learning Question-
naire (Pintrich, 1990). The scale consists of five items
measuring student anxiety in mathematics classrooms. A
four-point Liken-type scale is also used for these items.
Cronbach's Alpha of the Student Perceived Mathematics
Anxiety Scale was found to be 0.71, and the median
correlation of the individual scale items and the overall scale
was 0.72. The correlation between calculator confidence
and mathematics Lnxiety was -0.01 indicating that the two
scales were not reh ted to each other.

Student problen solving achievement was measured
using the Four-Step i'roblem Solving Test (Hofmann,
1986). It is a multiple choice, paper-and-pencil test
designed to measure pi blem solving skills of middle
school students. The test consists of ten non-routine
problems each with four related questions which correspond
to Polya's four stages of problem solving: (a) read to
understand the problem, (b) select a strategy, (c) solve, and
(4) review and extend. The reliability of the total test for
sample sizes larger than 19 ranged from 0.69 to 0.85
(Hofmann, 1986).

Procedures
All middle school mathematics teachers in the district

received at least 12 hours of inservice training on how to
integrate the calculator into the curriculum. These teachers
were also provided with calculator curriculum activities that
had been developed the previous year. They were encour-
aged to incorporate these activities and others that utilized
the power of the calculator and to implement an open policy
on calculator use.

Students were issued calculators (as textbooks are
issued) so that they could use them in all their classes and at
home. In late October (approximately 10 weeks after
students were issued calculators), the Four-Step Problem
Solving Test was administered to all students during
mathematics classes. Students were allowed tc use calcula-
tors on the test The Student Perceived Calculator Confi-
dence Scale, the Student Perceived Mathematics Anxiety
Scale, and the Four-Step Problem Solving Test were
administered in late April; again calculator use was allowed
for the problem-solving test. Multiple regression analyses
were used to examine the effects of calculator confidence
and mathematics anxiety on stages of students' post
problem-solving achievement, after statistically controlling
for Pre achievement.

Results
Table I reports the means and standard deviations for all

the variables in the study. The range of possible values for
each subtest of the Four-Step Problem-Solving Test is 0 to
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10, while the range for the total test is 0 to 40. A mean
value of four on the Confidence and Anxiety scales
indicates that students perceived that the particular variable
was very prevalent (i.e., responded that all the items on the
scale were "very true"), while a mean value of one indicates
the students perceived that the particular variable was not
prevalent (i.e., responded that all the items on the scale were
"not at all true").

Generally, the descriptive results indicate that these
students had below-average scores on all the Four-Step
subtests (problem solving stages). The overall mean on the
total pretest score was about 16, and it only increased to
about 19 on the total posttest. The overall mean values for
most of the pretest subtest scores were about 4, whiJ they
varied from about 3.25 to 6.59 on the posttest. For both the
pre- and posttest. Understanding the Problem had the
highest mean value among all the subtest scores. The
standard deviations indicate that there was some variance on
all the subtests as well as the total score, and that there were
no subtests that had a large number of extreme scores. The
mean value for the scale of Calculator Confidence was
close to 3.0, which indicates that students responded that
they were fairly confident about their use of calculators. On
the other hand, the mean value for Mathematics Anxiety was
2.2, which indicates that overall, students did not indicate
that they were anxious about doing their mathematics work.
The standard deviation for the Calculator Confidence Scale
indicates that there was not a great deal of variance on the
way students responded to that scale, while the standard
deviation for Mathematics Anxiety reveals that there was a
great deal of variation in the way students responded to that
scale.

Table 2 reports the regression results for each of the five
regression equations. In each regression equation, the

Table 1
Means and Standard Deviations for All Variables

Posttest - Four-Step Problem Solving
M

Understanding 6.59 2.44
Strategy 3.66 1.57
Solution 3.25 1.94
Extension 5.21 2.10
Total 18.72 6.25

Pretest Four-Step Problem Solving
Understanding 4.26 2.01
Strategy 4.09 1.71

Solution 3.77 2.08
Extension 3.66 2.00
Total 15.78 6.23

Student Survey Scales
Confidence 2.96 .48
Anxiety 2.23 .73

dependent variable (i.e., either the total Four-Step posttest
score or the individual subscale postscore) was regressed
on: (a) its appropriate covariate or pretest score, (b) the
Confidence score, and (c) the Anxiety score. In the
regression equation explaining students' Understanding, for
example, the Postunderstanding score was regressed on the
Preunderstanding score, Confidence, and Anxiety. The beta
weights or standardized coefficients reported in Table 2
assess how a change in the dependent variable is associated
with a unit standard deviation change in the values of the
independent variables in the equation. The IV or coefficient
of determination is also included in the table, and it explains
how much of the variance in students' Postachievement
measure is explained by the Preachievement measure,
Confidence, and Anxiety. The Tolerance values for each of
the independent variables in each of the regression equa-
tions were greater than .95 indicating that there was no
multicollinearity in any of the regression equations.

In the regression equation explaining the
Postunderstanding subtest score, the three independent
variables accounted for 20% of the variance in the depen-
dent variable. Preunderstanding had a moderate (Beta =
.40), significant (p < .001), positive effect on
Postunderstanding, while Anxiety had a slight (Beta = -.13),
negative, significant (p < .001) effect on Postunderstanding.
Confidence had a negligible (Beta = .00) effect on
Postunderstanding.

In the regression equation explaining the Poststrategy
subtest score, the three independent variables accounted for
only 10% of the variance in the dependent variable.
Prestrategy had a moderate (Beta = .23), significant (p <
.001), positive effect on Poststrategy, while Anxiety had a
slight (Beta = -.17), negative, significant (p < .001) effect on
Poststrategy. Confidence had a negligible (Beta = -.01)
effect on Poststrategy.

In the regression equation explaining the Postsolution
subtest score, the three independent variables accounted for
24% of the variance in the dependent variable. Presolution
had a moderate (Beta = .46), significant (p < .001), positive
effect on Postsolution, while Anxiety had a slight (Beta = -

.07), negative, significant (p < .01) effect on Postsolution.
Confidence had a slight (Beta = -.05), negative, significant
(p < .05) effect on Post- solution.

In the regression equation explaining the Postextension
subtest score, the three independent variables accounted for
18% of the variance in the dependent variable. Preextension
had a moderate (Beta = .36), significant (p < .001), positive
effect on Postextension, while Anxiety had a slight (Beta = -

.15), negative, significant (p < .001) effect on Poaextension.
Confidence had a negligible (Beta = -.01) effect on
Postextension.

In the regression equation explaining the Total Four-
Step posttest score, the three independent variables ac-
counted for 41% of the variance in the dependent variable.
Pretotal had a large (Beta = .60), significant (p < .001),
positive effect on Posttotal, while Anxiety had a slight (Beta
= - 1), negative, significant (p < .001) effect on Posttotal.
Confidence had a neglible (Beta = -.02) effect on Posttotal.
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Table 2
Regression of Postproblem Solving on Preproblem Solving, Anxiety, and Confidence

Independent Variablea
Preachievement
Confidence
Anxiety

**
***

p < .05
p<.01
p < .001

Understanding
lam

.00

Dependent Variables

Strategy Solution Extension
Btu Bill Bra

-.01 -.05* -.01

R2=.10*** R2=.24*** 122,-.18***

Total
Bra

-.02
-.11***

R2=.41***

Discussion
There are several interesting similarities and contrasts in

the five regression equalions. As expected, all the pretest
measures had positive, significant effects on the dependent
variables. Second; Mathematics Anxiety had similar
significant, negative effects on each of the dependent
measures, while Calculator Confidence had negligible
effects in most of the regression equations, with the
exception of the Solution subtest. In other words, the more
anxiety the student reported, the lower the posttest score.
Students confidence in their use of calculators, however,
seems to have no effect on problem solving achievement.

These findings seem to indicate that teachers may need
to be more concerned with decreasing student anxiety
during instruction and less concerned with the development
of expert calculator users. Jensen and Williams (1993)
report that when teachers are placed in technology-enriched
classrooms, initially they have a tendency to focus more on
the technology and the related managerial issues than on the
learning environment and/or learning strategies. Typically
it takes teachers at least a year to shift their efforts to
curricular concerns. The low scores on both the pre- and
postproblem solving achievement tests indicate that possibly
the teachers of the students involved in this study may have
been in the technology/managerial stage and were not
focusing on problem solving strategies and heuristics.

It should be noted that the problems constructed for the
Four-Step Problem Solving Test were not calculator-
sensitive items. In other words, the use of a calculator to
solve most of the non routine problems included on the test
would not have been particularly beneficial. For this reason,
one must be cautious when interpreting the results of this
study.

Surprisingly, most of the total variance in the dependent
variables was not explained by the independent variables.
Only about 20% of the variance was explained in the
Understanding, Solution, and Extension subtests, while only
10% of the variance was explained in the Strategy subtest.
About 41% of the variance was explained in the total Four-
Step test. These results suggest that there are other,

unexplained factors that account for most of the variance in
the dependent variables. Additional studies are needed to
investigate other areas of the affective domain that might
affect students' problem solving achievement in mathemat-
ics.
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The papers in this section focus on the integration of
technology into science and social studies teacher education.
In most areas of science the use of technology is not only
accepted but expected. However, science teacher education,
as most aspects of teacher education, has taken a back seat
in the use of advanced technology. And when technology
has been available its uses have tended to be traditional and
replicative rather than revolutionary and exploratory. The
growing availability of new technology for teacher educa-
tion courses (perhaps because of lowered costs and newer,
sturdier equipment) has coincided with the development of
constructivist models of learning. With these developments
science teacher education has multiple opportunities to
become an exciting venue, a venue where science can truly
be considered a verb as well as a noun sciencing, not
acquiring information about things scientific but processing
for knowledge.

The fust article by Woodrow describes a new course
developed at the University of British Columbia that fills a
void left at a pivotal point in the development of a technol-
ogy-using science educator the confluence of science
content and instructional technology. Woodrow discusses
the implications of such a course and its promise to foster "a
new teaching and learning model." Her descriptions include
the rationale behind the development of this new course, the
software available for student exploration, some of the
projects students developed, and quotes from a number of
the students reflecting on their experiences with the course
assignments. The opportunities for teacher education
students to build their own constructs are evident from these
firsthand reports.

In Hands-On Technology-Based Assessment in Science
Peters and Land report on a continuing development project
between faculties of the Wichita Falls Independent School
District and Midwestern State University. Assessment, to
some extent, drives the curriculum, despite an almost
universal disapproval for the concept. When the ass-ssment
focuses on low level knowledge instead of process an.1
knowledge building, the results all too often are low le%
rote learning. In addition, the authors note that "...evidelice
... suggests that narrow focus on content associated with
teaching science is also associated with technology and its
use." The developers hope to break the cycles produced by
these concepts by developing multimedia science kits and
assessments that integrate a knowledge and process
orientation to both science and technology. Initial results
have been encouraging.

An ongoing concern in education is the inequality of
technology diffusion across various school settings. Owens
and Waxman address this concern in their paper, Differ-
ences Among Urban, Suburban, and Rural High School on
Technology Use in Science and Mathematics. The results of
their study have important implications for teacher educa-
tors.

In his paper The Effectiveness of Audiovisual Teacher
Guides in Courseware Packages, Zehavi of the Weizmann
Institute of Science - Israel describes an interesting facet of
ongoing project. The project is one of development,
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evaluation, and implementation of software for teaching
mathematics, but the teacher guides developed lead to
critical thinking and problem solving in students as well as
teachers. And the method of development serves as a good
model for others interested in producing effective videos.

Exciting things can happen when universities and
schools work in a collaborative fashion. This is evident in a
report that bridges science and social studies teacher
education. The paper, from Noretsky, Barrie, Hornick,
Stifter, Whitley, and King, discusses the Social Studies and
Science applications developed in their Project Alive:
Acquiring Literacy through Interactive Video Education.
(Other applications are discussed in other sections of this
volume.) While Project Alive focuses on development of
interactive instructional materials for teaching the deaf and
hard of hearing, the approach has a great deal to say to a
much broader audience. The excitement of the participants
shines throughout this report.

Moving into the area of social studies are two papers
dealing with geography education. Conditions today make
geography a more compelling subject to study than it has
been since the 18th and 19th Centuries. Those conditions
are the shiftings shifting of boundaries, of political
alignments, of tribes of people that have occurred and are
occurring even as this is being written. This is happening at
a time when the United States has fallen severely behind the
rest of the literate world in knowledge of geography as well
as the other social studies. Bringing our teachers and
students up-to-date in a continually changing milieu is a
formidable task. Fortunately, the same technology that
hastens to bring us all closer together can also provide
powerful means for expunging our ignorance.

The first paper, Using Technology to Enhance Geogra-
phy Education: The Educational Technology Leadership
Institute by Bednarz, reports on two intensive 16-day
institutes, funded jointly by the National Geographic
Society and IBM, held in the summers of '91 and '92. The
goals of these institutes were not just to "teach the teachers,"
but to start a chain reaction of learning. By the end of the
Fall semester, 1993, the ripple had reached over 19,000
educators. The specifics of the program make exciting
reading.

In the final paper, Computer Technology for Elementary
School Teachers in Geography Education, Ouyang gives a
history of the current movement to reinstall geography into
the elementary classroom. He provides an extensive
overview of programs that may promote the success of that
undertaking.
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A Computer-Based,
Multimedia Science

Education Course

Janice E. J. Woodrow
University of British Columbia
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Computer-based technology gives science teachers
access to a wealth of textual and graphic information, new
instructional strategies, and sophisticated laboratory and
simulation tools. In 1993, the University of British Colum-
bia (UBC) introduced a new elective course in the Science
Education component of the Teacher Education program to
introduce this technology to preservice science teachers and
train them in its use. This paper describes the objectives and
format of this course, reports student reactions to it, and
indicates some of the outcomes that were achieved.

The introduction of the course, Computer-Based Science
Education, was predicated upon the results of a survey of
computer competency levels of secondary preservice
teachers conducted at UBC in 1992 (Woodrow, 1993).
These results indicated that a sizable percentage of
preservice science teachers entered the program with
advanced computer skills. Clearly, the standard introduc-
tory course covering the educational applications of
computers was of little value to these students and few
elected to take it. However, many preservice science
teachers were graduating from the program with very little
knowledge of, or strategies for, technology implementation
into science education. The Computer-Based Science
Education course was designed to be a practical, hands-on
introduction to the integration of computer technology into
secondary science instruction.

Course Rationale
Student enrollment in science and technology is

decreasing at an alarming rate throughout North America.
At the same time, the pressure exerted by an increasing
scientific knowledge base has stretched school science
curricula to its limit. The use of technology is an essential
element of science teacher education because technology
will play a key role in the current quest for new and more
effective teaching strategies. The goals of these new
strategies will be to encourage greater student enrollment in
science and technology, and to develop the skills necessary
to manage an ever expanding scientific data base. But,
while computer technology affords the possibility of
producing change and educational benefits, it cannot be
assumed that either of these will automatically be realized
merely because of technology's presence. Teachers must be
trained in the application of technology-based instruction.
Most educationally interesting uses of technology require
adjustments in traditional teaching roles and instructional
procedures adjustments that even preservice teachers
understandably resist due to a lack of training and effective
models. Adjustments are also needed in student learning
strategies and classroom procedures. Faculties of Education
need to revise policies that provide appropriate technology
training for teachers. Basic teacher computer literacy is
clearly inadequate to prepare students to meet the techno-
logical expectations of the work environment. Teachers
must be trained to teach with technology not just about it.
UBC' s Computer-Based Science Education course has been
designed to train science teachers to implement teaching
strategies that promote the best use of emerging technology
in an en Nironment where technology is an integral part of
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normal classroom procedures.

Course Curriculum and Format
In the Computer-Based Science Education course,

students are introduced to a variety of computer applications
and technologies, including microcomputer-based labs
(MBL), simulations, interactive videodiscs, CD-ROMs, and
multimedia tools. The course develops the skills, confi-
dence, and strategies necessary for secondary science
teachers to successfully incorporate these emerging
technologies in their own classrooms both as instructional
and learning resources. The major emphasis of this course
is on understanding the application of various new, com-
puter-based technologies, and the development of creative
applications of technologies. Through a series of collabora-
tive laboratory projects, students draw upon knowledge
from earlier science courses to develop curriculum-based,
computer interfaced experiments, lessons, activities and
demonstrations in the areas of Biology, Chemistry, General
Science, Geoscience, and Physics. The specific course
objectives are that students be able to: (a) present a multime-
dia lesson, (b) prepare a simulation-based student or teacher
activity, (c) prepare a computer interfaced student or
teacher-demonstrated lab, and (d) prepare a lesson incorpo-
rating material from a videodisc. In addition, students
prepare formal project reports and keep activity logs to help
them reflect on the implementation of technology.

A driving force behind the development of this course
was a personal conviction that the most appropriate
application of technology in science education is the
fostering of a new teaching and learning model. This new
model is based upon learner mastery of information
management and relationships, rather than on augmenting
data delivery in conventional instruction, desirable as that
goal might appear given the rate of growth of scientific
knowledge. This model is predicted to include the follow-
ing strategies:
1. active construction of knowledge by students rather than

passive ingestion of facts;
2. use of sophisticated information-gathering tools that

allow students to focus on hypothesis testing rather than
gathering and recording data;

3. use of multiple knowledge representations, which allows
for content management by individual learning styles;

4. collaborative peer interaction similar to team-based
approaches used in modern work settings;

5. individualized instruction that targets intervention to
each learner's current needs;

6. evaluation systems that measure achievement of
complex, higher-order skills rather than recall of facts.

Each of these strategies was introduced into the course
format to give preservice teachers first hand experience of
the model. The course operates within an informal struc-
ture, where students work at their own pace, interacting
frequently with the instructor, graduate student lab assistant,
and colleagues, about the various activities. At the begin-
ning of each lab project, students master the operauon and
use of technology by completing a collaborative tutorial

activity. This mastery is then applied in the preparation of
lesson activities either teacher based or student based
that incorporate technology. Only two formal lectures are
given one to introduce the course and available technol-
ogy, and one to illustrate successful implementations using
videotaped examples of local teachers using technology in
the classroom. Both lectures make extensive use of
multimedia techniques and resources. Discussions,
demonstrations and information exchanges are interjected
on a "need to know" basis as students prepare to use a piece
of hardware or software. The course format creates an
environment that allows science education students to
experience, perhaps for the first time, classroom situations
in which the instructor functions as a facilitator of under-
standing rather than a transmitter of data. For many science
education students at UBC, this course is their only opportu-
nity to work in an open-ended laboratory format, "learning
how to learn," not merely following a set of laboratory
instructions.

The class meets for ninety minutes, twice a week, in the
Mathematics and Science Education multimedia lab. This
lab is equipped with twelve Macintosh computers (various
models) networked to two departmental servers and one
AST 486SX/66MH computer. Other equipment includes
four videodisc players, four TV monitors, four CD-ROM
players, Vernier and Champs II MBL interfaces and probes,
an InFocus, active matrix projection panel, a laser printer, a
camcorder, a scanner, a Radius digitizer, and a selection of
science simulations, software and videodiscs. The lab is
available from 1630 hours to 2000 hours, four days a week,
for students to work on projects outside of class. Course
enrollment is restricted to twenty due to equipment limita-
tions, room constraints, and the highly interactive mode of
instruction.

Sample Student Lab Projects
For most students, videodiscs prove to be the most

unfamiliar technology encountered in the course. The lab
projects produced are all the more impressive for this lack
of familiarity. While students are given the option of
accessing videodiscs via bar codes or computer, most
choose the computer option. For example, two students,
who produced the HyperCard project illustrated in Figure 1,
started the course with no knowledge of either videodiscs or
HyperCard. They used Voyager's Videostack 2.2 to
interact with the videodisc, Visual Almanac, and produce a
set of buttons that access solar system images. Next, they
created a HyperCard stack that organized the buttons, and
contained a series of scanned images as well as user
information and directions.

Two students, who completed the lab project illustrated
in Figure 2, started the course with only an elementary
knowledge of Hypercard and no familiarity with videodiscs.
Using Voyager's Videostack 2.2 to create the buttons, they
built a six card stack that accesses an impressive series of
images and motion sequences of the outer planets. The
videodisc used for this project is Earth Science - Astronomy,
Side 4 from Optical Data Corporation. This stack, and a
similar one produced by another pair of students that

580 Technology and Teacher Education Annual 1994



( Instructor's Notes )

incorporates images of the inner planets, were used in
tutorial sessions in the fall of 1993 by the instructor of
UBC's first year astronomy course.

The MBL lab project was the easiest for the preservice
teachers to integrate into existing instructional strategies.
Students quickly appreciated the opportunities for repeated
data sampling and immediate displays of collected data,
afforded by the use of probes and computer interfaces.
Vernier's sonic ranger was identified as a particularly
valuable tool, but the students also found creative ways to
use pH, temperature, pressure, and oxygen probes. For
example, one pair of students developed a grade nine lab
activity that had pupils use pH probes to test various
commercial antacid products. Anower pair of students used
the pressure sensor to develop a Chemistry lab on Boyle's
law, replacing one in the curriculum that uses a mercury
manometer. Two preservice physics teachers, who were
placed in computer equipped classrooms for their practicum,
used the force probe and sonic ranger to modify a standard
dynamics lab on Newton's Laws. They then introduced the
equipment to their sponsor teachers and used it in their
practicum. Two students compared the merits of the
Vernier and Champs 11 probes and software. They con-
cluded that the Vernier material was more suitable to
classroom use. It was easier to use and left most of the data
analysis to students. The Champs 11 software was also

judged to be non-intuitive a real problem for experienced
Macintosh users. In the future, only the Vernier interface
and probes will be used in the course.

These simulation lab projects reflect the wide range
available for student use. All available simulations are
accompanied by tutorials, instruction manuals and sample
activities. Students are encouraged to sample several
simulations before choosing one to incorporate in a lab
project. While tutorial type simulations like MacFrog are
initially of interest, most students eventually conclude that
the instructional possibilities of more powerful simulations,
such as Interactive Physics II, Voyager II, and the Wings
Exploration series, warrant their mastery. Some students
choose to use their programming skills to create their own
simulations. For example, two physics students used
Interactive Physics 11 to create the activity illustrated in
Figure 3. The simulation's purpose is to allow students to
work out the parameters necessary for inserting the shuttle
into a stable orbit. An activity and information sheet
accompanies the simulation, encouraging physics students
to use the "what-if' capabilities of the software. Another
student used the ecology simulation of the Wings Explora-
tion series to set up a student lab that explores Nigeria's
ecology. The Voyager 11 simulation was used by a pair of
Geology majors to develop an activity exploring the motion
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of comets in the solar system.
Student multimedia presentations generally consist of a

project demonstration, the essential purpose of which is to
give each preservice teacher an opportunity to develop and
teach a technology-based lesson. Students are encouraged
to integrate as much technology into a presentation as
possible, including a projection panel, laser pointer, TV
monitor and, of course, the computer. More experienced
teams have supplemented their demonstrations with
Powerpoint overviews. One student, who was familiar with
the operation of videodiscs, opted to learn how to use the
Radius digitizing board to capture images from a videodisc,
incorporating them into a Powerpoint presentation that
demonstrated the process. Arrangements were made for
another student to produce a CD-ROM using the CD-ROM
recorder and resources of a special, campus demonstration
center equipped by Apple Computer (anada), Inc. The
CD-ROM formed the basis of this student's multimedia
presentation and served to instruct the class in the produc-
tion process. Arrangements are being made to test the use
of this CD-ROM in UBC's first year astronomy course.

upiter (Galilean

Student Reaction
The course has now been offered twice once in the

summer and once in the fall of 1993. Although designed
for secondary preservice teachers, the course has been
elected by many graduate students as well as two elemen-
tary education students.

The following comments from student logs give a
sample of reactions to the course, its content and format.

Its really too bed that this course isn't longer so that we
could explore such things as CD-ROMs more thoroughly.

I started with anxiety and ended with an incredible
feeling of applicability. I would recommend this course as a
requirement for all education students.

I spent a lot of time on my projects mostly because I
worked alone, hence I was not able to brainstorm my ideas
with anyone. I actually think I enjoyed working alone
because then I got into lots of trouble and I had to find my
way out myself I learned a lot trying different things by
myself
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4.

I would say that this is a very useful, hands on course
probably the best one I have taken. And it should not be
lumped in with the other courses by removing any aspect of
the "hands on."

An unexpected student reaction to the course was a
feeling of being overwhelmed by the opening lecture's
introduction to technology. This first lecture was "toned
down" somewhat when the course was offered a second
time, and various examples and applications of technology
introduced on a more gradual basis. While this approach
lacked some of the "p177277" of the former, it was defi-
nitely more effective. The students all indicated that they
valued the course's lab project format it gave them an
opportunity to learn by doing. The first project always
takes students the most time to complete no matter which
technology they choose fust. After their first project,
students are able to help each other and can master new
technology more rapidly. Project presentations also help
introduce new technologks. The presence of a graduate
assistant is invaluable at the beginning of each lab-project
when students are exploring new technologies simulta-
neously and need guidance. Near the end of each lab

project, however, there is always a noticeable decrease in
student requests for assistance. It is at such times that the
efficacy of the course's strategies developing requisite
technology implementation skills in the classroom
becomes irrefutable.

The fact that at least some course objectives were
achieved is evident from the following student comments:

One of my course objectives has been met. I now can
go into a classroom and not be afraid of using a computer
and videodisc together to intetface them with a concept.

By the end of this project, I'm comfortable that I would
be able to teach with this technology, which was my goal
for this course. Even though my projects were indicative
of a beginner user of the Apple software, I am no longer
scared of the technology.

Today I was just finishing up the write-up to the
Boyle's law lab. The whole package seems quite nice and
I foresee using this lab assignment in my classes. I don't
have a set of computers in my class to allow all the
students to use MBL but I do have a couple of computers
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that I can use and a select group of students could do the
lab using the MBL equipment while the rest of the class
could do the lab by the traditional means. This would give
me a chance to compare and contrast the results and maybe
report them to my administrator. He could maybe see the
benefits of MBL and spring a little cash to buy the equip-
ment. (Graduate student)

If only I had MBL technology during my undergraduate
work in Physics. This stuff is incredible. The sensitivity of
this technology allows me to analyze real word events and
get theoretical results which actually agree with the
accepted theoretical results. What intrigued me the most
was what happened when the resulting data didn't agree
with what I expected This caused me to wonder why this
discrepancy occurred Curiosity and intrigue resulted from
my exposure to this technology, but I question whether this
will occur with students. Do students in high school have a
high enough cognitive development to appreciate MBL? I
suppose the only way to find out is to try it

Samples of student projects and a video showing the
course in session will be used to further illustrate the
outcomes and format of the course at STATE 94. The
presentation will model, as closely as possible, the class-
room instructional format.
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Hands-On
Technology-Based

Assessment in Science

Tom Peters
Wichita Falls (TX) Independent

School District

Michael Land
Midwestern State University

The Driving Force
"If tests are not designed with a clear understanding of

what we want students to be able to do, testing can inadvert-
ently reduce the quality of education" (Shavelson, Carey, &
Webb, 1990, p. 25).

Those involved in the enterprise of public education
often operate under the assumption of an ideal. That ideal,
in brief, is that educational goals and objectives are the
engines that drive the curricular and instructional wheels. In
the real world tests often drive the curriculum and instruc-
tion. Teachers "teach to tests" and curriculum is artificially
narrowed to include only that which may be found on tests.
Educators from the classroom to the school board room
constantly talk about test results and rarely about goals and
objectives. Test scores sell real estate; goals and objectives
do not.

In the 1980s two avenues to school reform began to
merge. The "accountability movement" led many states to
mandate assessment of students in specific subject areas. At
the same time, science educators worked to develop
operational definitions of "scientific literacy" (American
Association for the Advancement of Science, 1989).
Developers of state-level science assessments have tended
to adopt broad definitions of "scientific literacy." Texas, for
example, includes "acquiring and classifying scientific
data..., communicating and interpreting scientific data...,
solving problems by investigating..., and solving problems
by applying knowledge" in its definition of the capabilities
of a scientifically literate person (Texas Education Agency,
I993b, p.I-2).

Developers of state-level assessment instruments in
many states, including Texas, indicate that driving instruc-
tional change is an important and intended outcome of their
work. In regards to its assessment instrument, known as the
Texas Assessment of Academic Skills (TAAS), the Texas
Education Agency (TEA) states, "the science assessment
will serve as a catalyst for...enhanced classroom instruction"
(TEA, 1993b, p. Further, TEA suggests that in preparing
students to meet literacy goals, "instruction should focus on
the entire body of essential elements rather than on a narrow
body of skills and knowledge" (p. i).

The first TAAS-Science Assessment will measure
student literacy in the spring of 1994. State guidelines call
for the assessment to measure students' process-oriented
science abilities and higher order thinking skills in part
through multiple choice items and in part through hands-on,
manipulative tasks. Regardless of its intent and nature, the
state-level assessment ought not serve as a substitute for a
sound program of local assessment. Wichita Falls ISD
believes that ongoing, authentic, performance-based local
assessment will have the greatest and most positive impact
on curriculum and instruction, and thus, on student learning.

The Road Already Taken
Present science textbooks and methods of instniction,

far from helping, often actually impede progress toward
scientific literacy. They emphasize the learning of answers
more than the exploration of questions, memory at the
expense of critical thought, bits and pieces of information
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instead of understandings in context, recitation over
argument, reading in lieu of doing. They fail to encourage
students to work together, to share ideas and information
freely with each other, or to use modem instruments to
extend their intellectual capabilities (American Association
for the Advancement of Science, 1989, p.14).

Elementary science in Wichita Falls ISD (WFISD) is, at
present, largely a text-based program of instruction.
Science education literature suggests not only the shortcom-
ings of science texts in general, but also the need for a
strong foundation of scientific experiences for students at all
elementary grades. During the 1990-91 school year,
members of the WFISD Science Textbook Adoption Sub-
Committee examined textbooks from a variety of publishers
to determine their suitability for adoption. Upon examina-
tion, it became apparent to teachers, administrators, and
curriculum specialists in the district that texts alone would
not be sufficient to provide the kind of activity-oriented
curriculum that research has shown to be most effective in
stimulating students' interest in science and understanding
of science concepts. Simply adopting new textbooks would
not provide teachers with all of the tools needed to meet
new demands from national scientific organizations and
from the Texas Education Agency for the development of
"scientific literacy" in our students.

As a first step in moving away from text-based instruc-
tion, the textbook adoption committee chose a laser
videodisc program, Windows On Science (Optical Data,
1990), in place of one half of the state provik:g1 textbooks.
Additionally, Wichita Falls ISD committed considerable
resources to begin a program of development of hands-on
science kits for grades Kindergarten through six. These kits
are based on those from school districts around the nation
that have implemented their own kit programs and from
those kits commercially available from scientific organiza-
tions and supply companies. Kits purchased from these
recognized leaders in elementary science education have
undergone customizing to fit the unique needs and interests
of students in the district. Kit activities are tied directly to
ongoing local scientific investigations, local field trip sites
(geological, biological, and technological), local resource
people, and local community concerns. The kits include all
the materials and supplies needed to involve the students in
the active learning of science concepts and skills. WFISD
teachers design science kits to include the best known
educational practices. Cooperative learning strategies,
inductive thinking, concept attainment strategies, videodisc
technology, computer software and whole language
strategies have been incorporated into kit activities as
appropriate.

Kits and videodisc in combination are considered by
many to be the "state of the art" in elementary science
instruction. Even so, programs combining these two
instructional approaches often lack assessment tools
consistent with quality science instruction.

The Road Map to Literacy
The National Center for Improving Science Education

(1990) identified goals for science assessment. Classroom
level assessment should:

be inseparable from and integrated into ongoing instruc-
tion

serve science instruction at the local level while serving to
inform policy at the state and national level

reflect the desired understandings of science and technol-
ogy and the desired proficiency with scientific and
technological skills for elementary students.
Observational data from the elementary classroom,

however, suggests that teachers' assessment practices
currently do not match these goals. Assessment tends to be
summative; it does not drive instruction; rather, it terminates
instruction. Assessment tools are typically derived from
text materials rather than from kit activities or videodisc
materials. Further, most classroom assessment focuses on
low level knowledge acquisition and fact recognition rather
than on the multiple dimensions of scientific literacy as
defined by the TEA.

Teachers, it has been said, tend to teach as they have
been taught. So too, they assess as they have been assessed.
Teachers in a newly formed WFISD assessment study
group clearly see scientific literacy as being multifaceted;
however, their collective body of assessment experience
holds little in the way of assessing conceptual understand-
ing, science process skills or habits of mind.

Wichita Falls ISD is seeking new ways to employ
technology in the assessment of students' knowledge and
abilities at the local classroom level within the context of the
science activity kits. With Midwestern State University
(MSU), WFISD teachers are experimenting with interactive
media, including videodisc technology as a way to accom-
plish assessment goals. To these authors, videodisc
graphics provide an enormous data base from which to
assess concept and science skill acquisition and scientific
habits of mind.

The Fox Rot
The Fox Rot (Land and Peters, 1993), is one of several

technology based assessment tools designed to drive
instruction toward the Texas "essential elements" for
science (TEA, 1991a). Students are prompted to view five
computer-generated, still photos of a fox carcass undergoing
decomposition. They may compare these stills with a time-
lapse "movie" of the decomposition process. Students then
place the stills in sequential order and justify their sequence
with observations and inferences made from the graphic
data base. Scoring for the assessment activity is based on
clearly defined criteria. (See Rubrics 1 and 2.)

Integrated Into Ongoing Instruction
Assessment tasks like The Fox Rot are meant to be

formative measures of developing process skills. This task
is currently being field tested within the context of a Grade
4 Animals in Action activity kit (WFISD, 1991). Essential
Element targets in nine of the 14 kit activities correlate to
Essential Element targets of the assessment. In all, six of
eight Essential Element targets of the assessment are
matched with instructional activities. Note: ideally all
assessment targets should match instruction targets. As both
the task and the kit are evolving, one to one match will be
attained. Further, this task is likely to fit better in terms of
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4.

content with Worms and other Great, Small Creatures
(WFISD, 1992). This activity kit, which focuses on
decomposition, has not yet been released to the schools.

Observations of early field tests indicate that fourth and
fifth graders meet tasks like The Fox Rot with great
enthusiasm, at least in a cooperative learning group setting.
They readily and accurately sequence the graphic data
(Essential Element 3A). Their dialog about the tasks is rich
with observational and inferential statements (Essential
Elements 2B, C, D, 48, C and 6B). However, they write
little of this down on paper (Essential Element 4F). This
suggests that further instructional activities need to be
designed to target the recording of student generated
observation and inference.

Informing Policy at the State Level
The current TAAS assessment (Texas Assessment,

1993) relies on two dimensional, static, black line drawings
to convey observable information to students (TEA, 1993a).
The world, on the other hand, is filled with three dimen-
sional, active, multi-hued information. WFISD and MSU
assessment researchers are interested in exploring the effect
that the medium of assessment might have on driving
instruction. These authors believe that multimedia-based

assessment tools will more authentically measure student
ability to apply science skills in a real world context. The
long term aim of this research is to provide models of
technology-based assessment tasks suited both to the local
classroom and state-level assessment requirements.

Reflecting the Desired Understandings
With the increasing presence of computers and other

technologies in the public school classrooms, one might
surmise that student encounters with these tools focus on
gathering data and solving problems. Unfortunately,
evidence from the field suggests that the narrow focus on
content associated with teaching science is also associated
with technology and its use. The computer, even in the
elementary classroom, is often treated as an object to be
studied rather than a tool to be used, the same mistake
science teachers make by having students memorize the
parts of the microscope. In part, this narrowed focus arises
from teachers misunderstanding the difference between
computer science and the real-world use of the computer. It
may be appropriate to study about the computer in a
computer science class; it is an inappropriate use of time
and resources to expect elementary students and teachers to
approach the computer in this manner as a part of develop-

Rubric 1:
Observe/Infer/Communicate

Essential Element 2 (B, C, D) Acquire data through senses
Essential Element 4 (B, D, F) Communicate data and information.
Essential Element 6 (B) Draw logical inferences

POINTS
4

3

2

0

CHARACTERISTICS
Observes/infers properties of the fox (which may include its surrounding environment) for all five
photos. All observations and inferences are based on the graphic data set.
Observes/infers properties of the fox (which may include its surrounding environment) for four or
three photos. All observations and inferences are based on the graphic data set.
Observes/infers properties of the fox (which may include its surrounding environment) for two
photos. All observations and inferences are based on the graphic data set.
Observes/infers properties of the fox (which may include its surrounding environment) for one
photo. All observaions and inferences are based on the graphic data set.
Makes no observations/inferences.

Rubric 2:
Sequences Data

Essential Element 3 (A) - Classify, order, and sequence data.

POINTS
4
3

2
1

0

CHARACTERISTICS
Sequences all 5 photos to match actual event
Sequences 3 of 5 photos to match actual event
Sequences 2 of 5 photos to match actual event.
Sequences 1 of 5 photos to match actual event.
Sequences none of 5 photos to match actual event.

6 1
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ing general scientific literacy. Students and teachers need to
know how to use technology tools (like the computer) in
ways that individuals in the real world use them. We do
not treat pencils as objects of instruction; neither should we
treat the computer as such. They are both instructional and
problem solving tools!

In elementary science classes, use of multimedia tools
can aide students in performing scientific processes, such as
the collection of data, the analysis of data, the representation
of data, and communicating ideas. All of these tasks are
real-world and can be accomplished without students
knowing RAM from ROM or bit from byte! By changing
the focus of assessment from low-level tasks and recall
questions to performance of real-world tasks in a multime-
dia setting, the state and local school districts educators may
also refocus the role of technology as a tool of instruction.

Conclusion
"The role and prominence of technology is growing.

Not only is technology a tool for investigation, it is an
instigator of whole new lines of inquiry" (Knapp et al.,
1987).

Performance assessment using multimedia tools is a
whole new line of inquiry for the Wichita Falls Independent
School District and Midwestern State University. Early
experiences suggest that mt.ltimedia assessment will
facilitate teachers integration of assessment with instruc-
tion, will guide assessment practices at the state and national
level, and will focus the role of technology in the science
classroom. Time and much more research will tell.
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Differences Among Urban,
Suburban, and Rural High

Schools on Technology
Use in Science and

Mathematics
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Mathematics and science education are two content
areas where technology integration is being widely
advocated by professional organizations, school-based
educators, and teacher educators. Most preservice and
inservice teachers acknowledge that instructional technol-
ogy has the potential to significantly improve students'
cognitive and affective outcomes (Padron, 1993). On the
other hand, preservice and inservice teachers are often not
aware of the potential dangers of technology. One
potential danger is that overreliance on technology in
mathematics and science will cause students to lose their
computational skills. Another potential danger occurs
when technology access and we are not equitably distrib-
uted across all types of schools. This a serious concern
because equity and social justice issues are generally not
addressed in either the teacher education literature nor in
teacher education programs (Zeichner, 1992). More
studies are needed to address these equity issues so that we
can develop a research base that will enable use to make
social responsibility a much higher priority in teacher
education programs.

Several educators have recently raised concerns that the
use of technology in the schools will actually widen the
achievement gaps between high- and low-achieving
students (Apple, 1988, 1991; Cummins & Sayers, 1990;
Hativa, 1988; Johnson & Maddux, 1991; Sutton, 1991).
Elementary and secondary students from higher-income
families, for example, have been found to use computers in
school and in their homes more frequently than students
from lower-income families (Cole & Griffin, 1987; Jacobs,
1988; U.S. Department of Education, 1991). Minority
students in urban schools have also been found to have less
access to computers (Office of Technology Assessment,
1988; Picciano, 1991; Picciano & Kinsler, 1991; Piller,
1992). Most of these studies, however, have been rela-
tively small scale studies comparing one urban district to a
suburban district or studies that have examined technology
use in general. Picciano (1991), for example, compared
technology access and use between urban schools in New
York City and suburban school from Westchester County.
Although he found that the utilization of computer software
was not dramatically difference across settings, he also
found that the suburban schools had nearly twice as many
computers as those from New York City. Large scale
national studies in specific subject areas and grade levels
are needed in order to determine the actual degree to which
there are equity problems related to technology access and
use in the United States. The purpose of the present study
is to examine high school students' self-reported use of
technology in science and mathematics. Moreover, this
study compares technology use in high schools from three
different community settings: (a) urban, (b) suburban, and
(c) rural schools.

Methods
Data for this study were drawn from the first follow-up

survey from the eighth grade cohort of the National
Educational Longitudinal Survey of 1988 (NELS:92). The
NELS:88 survey design covered a two-stage, stratified
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Table 1
Overall Summary of Technology Use in Science Classrooms

Almost
Very Once a Once a Every Every
Rarely Month Week Day Day

Use of computers to write-up experiments or reports 88.2% 6.5 3.1 1.4 .8

Use of computers for collecting/analyzing data 91.2 4.4 2.4 1.2 .8

Use of computers for calculations 89.4 3.5 3.2 2.3 1.6

Use of computers for models and simulations 91.0 3.7 2.3 1.6 1.4

national probability sample. About 24,599 eighth graders,
enrolled in 1,052 public and private schools across the
nation, participated in the 1988 base-year survey, which
examined the school-related experiences and accomplish-
ments of eighth grade students, their parents, and their
teachers, along with information on their schools. The first
follow-up sin vey consisted of about 21,000 tenth grade
students. Infonnation about technology access and technol-
ogy use in science and mathematics were also included in
the student follow-up survey. For the present study, about
18,000 students are included in the sample. About 56% of
the students were from suburban schools, while 29% were
from urban schools, and 15% were from rural school
settings.

Results
Table 1 reports the overall results for computer use in

science classes. The findings indicate that about 90% of the
tenth grade students reported that they "very rarely" used
computers in science for (a) writing-up experiments or
reports, (b) collecting/analyzing data, (c) calculations, and
(d) models and simulations. Less than 4% of the students
indicated that they used computers in science either "almost
every day" or "every day."

Table 2 reports the overall results for technology use in
mathematics classes. About 84% of the respondents
reported that they "never" used computers in their math-
ematics classes and only 3% indicated that they used
computers "often." Only 28% of the students, however,
responded that they "never" used calculators in their
mathematics classes. About 38% of the students said they
used calculators "sometimes," and 34% indicated that they
used calculators "often" in mathematics.

Table 2
Overall Summary of Technology Use in
Mathematics Classrooms

Never Sometimes Often

In your most recent
math class, how often
did you use computers 84.2% 12.6 3.2

In your most recent
math class, how often
did you use calculators 28.3 37.5 34.2

Table 3 reports the Chi square results by school setting
and it reveals that there are two significant differenceF by
setting for computer use in science. Students from u ban
schools reported using computers: (a) to write-up e kperi-
ments and reports and (b) for models and simulatirms
significantly more than students from suburban and rural
schools. The Chi square result indicate that there are no
significant differences on computer use in science for
collecting/analyzing data and using computers for calcula-
tions.

Table 4 reports the Chi square results by school setting
for mathematics and it reveals that there are significant
differences by setting for both computer and calculator use.
Students trom urban schools reported using computers in
mathematics significantly more than students from rural and
suburban schools. On the other hand, students from rural
schools reported using calculators significantly more than
urban and si:ourban students.

DiSCLIWO1
The results of the present study suggest that there are

important differences on the use of technology in tenth
grade science and mathematics classrooms by type of
school setting or community. Students from rural schools
reported that they were less likely to use computers than
students from suburban and urban schools. Rural students
also reported that they were more likely to use calculators
than suburban and urban students. Surprisingly, students
from urban schools were more likely to use computers in
their science and mathematics classes. This may dispel the
criticism that students in urban schools do not have as many
opportunities to use computers as students from suburban
schools. Also, the present findings indicated that high
school students from urban schools are also more likely to
use computers in areas such as developing models and
simulations than students in suburban schools. This finding
again contradicts some of the reports that criticize the ways
students use computers in urban schools (Piller, 1992).

Another important finding from this study relates to the
descriptive results that summarize students' overall use of
calculators and computers. The results from the present
study suggest that overall these tenth grade students do not
usually use computers in their science and mathematics
classes. This suggests that schools across the country need
to do a much better job of integrating technology in the
secondary school curriculum. It is also important to note,
however, that these findings for technology use are some-
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Table 3
Differences by School Setting on Technology
Use in Science

Use of computers to write-up
experiments or reports

Very Once a Once a
Rarely Month Week

Almost Every
Every day Day

Urban 86.6% 7.2 3.8 1.4 1.1

Suburban 88.0 6.6 3.2 1.5 .7

Rural 89.2 6.3 2.3 1.6 .6

Chi square (8) = 21.02, p = .007

Use of computers to
collect/analyze data

Very Once a Once a Almost Every
Rarely Month Week Every day Day

Urban 90.3% 4.8 2.5 1.4

Suburban 91.2 4.3 2.5 1.3
Rural 92.1 3.8 2.3 1.1

Chi square (8) = 10.13, p = .256

Use of computers for
calculations

1.0

.7

.7

Very Once a Once a Almost Every
Rarely Month Week Every day Day

Urban 90.3% 4.1 2.6 1.7 1.4

Suburban 91.3 3.9 2.2 1.5 1.2

Rural 91.5 3.3 1.7 1.7 1.8

Chi square (8) = 15.26, p = .054

Use of computers for
models and simulations

Very Once a Once a Almost Every
Rarely Month Week Every day Day

Urban 87.0% 3.8 3.2 3.7 2.3

Suburban 89.4 3.6 3.2 2.4
Rural 91.2 3.4 2.5 1.9

Chi square (8) = 51.28, p = .000

1.4
1.0

6 17

Table 4
Differences by School Setting on Technology
Use in Mathematics

In your most recent math class, how
often have you used computers?

Never Sometimes Often

Urban 83.5% 12.9 3.6
Suburban 84.9 12.4 2.7
Rural 84.4 12.2 3.4

Chi square (4) = 10.60, p = .031

In your most recent math class, how
often have you used calculators?

Never Sometimes Often

Urban 28.1% 35.9 36.0
Suburban 29.2 36.9 33.9
Rural 24.9 35.7 39.4

Chi square (4) = 30.99, p = .000

what lower than estimates previously obtained from teacher
and/or administrator self-report data.

The issue of inequities among technology access and use
is still a national concern (Picciano, 1491; Piller, 1992).
Although it appears that the disparities among urban,
suburban, and rural schools have been narrowed or elimi-
nated in some areas, there are still several important issues
that need to be addressed in this area. Further observational
research is needed, for example, to verify the student self-
reported results obtained in the present study. Other
research questions that still need to be investigated include
examining (a) the ideal or optimum levels of technology use
that should exist in tenth grade science and mathematics
classrooms, (b) whether there are other contextual variables
like type of school (e.g., public or private) or state policies
that influence the use of technology, (c) if family character-
istics such as socioeconomic status influence the use of
technology in schools, and (d) what other variables or
factors differentiate high- and low use of technology.
Future studies should also attempt to examine whether or
not there are ethnic- and/or sex-related differences in the
extent to which students report using technology. Finally,
studies should begin to look at teacher education programs
to investigate the extent to which preservice and inservice
teachers are exposed to the potential dangers or misuses of
technology in our society.
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The Effectiveness of
Audiovisual Teacher

Guides in Courseware
Packages

Nurit Zehavi
Weizmann Institute of

Science - Israel

C

The Department of Science Teaching at the Weizmann
Institute of Science is engaged in an ongoing project of
development, evaluation and implementation of software
for teaching mathematics. The software utilizes transpar-
ency which is a special feature that provides pedagogical
mem-information of a student's work (Zehavi, 1993). This
information is obtained by the software selectively follow-
ing the student's work. The transparency is presented in a
clear and organized manner and is ready for on-line use,
while the student is working. The software transparency,
by its own nature, yields significant scenarios for motivat-
ing teachers to play an active role in using the software in
their classes. Therefore, the implementation aspect of the
project involves the creation of audiovisual teacher guides
that combine critical issues in the development of the
transparent courseware and demonstrations of successful
teaching strategies. The accent in the films is in teaching
the instructors to intervene appropriately and constructively
where necessary. The development of such videocassettes
is based on research and professional training courses for
teachers which are held in an inschool framework. The
production approach which implements script-templates
will be described using a particular software package in
algebra. The experience gained in using the videos in
professional training courses for teachers leads to further
development of technology-based teacher guides:

An Audiovisual Teacher Guide for Dots
and Rules

The object of the software Dots and Rules is to establish
connections between linear equations, given in verbal form
(e.g., "the sum of the coordinates is -2") and their graphs.
The tasks are imbedded in a series of tutorials and a
competitive game for two. The software has points of
contact with the junior high school curriculum at various
points, but it can be considered as a "process game" rather
than a "content game" (Olds, Schwartz, and Willie, 1980).
This basic feature of the software has nflatively clear
implications for the design of instructional materials for
teacher education: The focus should be on the learning
processes of cognitive skills that occur during student-
computer interaction.

The Software
Whereas most junior high school students successfully

read and plot points, they have difficulties in understanding
the relations between the two coordinates of points. The
software Dots and Rules offers various tutorial activities
which teach the two-way association: point <-> rule, where
the rules are given in non-formal form (without algebraic
expressions). The student has to identify which points
(dots) fit a given rule or which rule fits a given point. After
the student determines the correct rule/dot, the dot is given a
special shape and color specific to the rule, and the picture
of the straight line on which these dots lie, should be clear.
The game is based on the well known strategy "four in a
row". The players aim to occupy four points on a line, and
the line is described by a rule. The player has to associate a
"strategic" point with one of the rules that appear on the
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screen at that stage.
In previous studies related to an early version of the

software (Zehavi, 1988), different modes of learning were
observed. The research findings led to the design of the
student interface in the new version, and to the construction
of the follow-up component and the coaching component.
A dot can be indicated either arithmetically by entering its
coordinates, or graphically by using the arrows to fix its
location. The student's mode of work is assessed first by
his/her preferred method for indicating dots on the coordi-
nate system while working with the software. The com-
puter also checks other aspects of the student's work. For
example, it checks whether the student identifies the rule
satisfied by subsequent dots more quickly than for previous
dots, in which case the computer "believes" that the student
has seen the straight line and is making graphical consider-
ations in completing the task. Support and feedback are
given to the student according to the system's belief about
the student's state.

The Script
One possible approach to the development of instruc-

tional materials in teacher education is creation of a
database that combines research-based teaching strategies
with videodisc demonstrations of the strategies (Abate,
1993). We also started the production process by taping
portions of authentic classroom lessons and teacher
workshops, and then using the successful segments in films
to be used by tutors. From informal evaluation it became
apparent that teachers expect high quality photography and
a stand-alone (i.e., tutor-free) product. Some attempts to
write precise scripts, and to direct students and teachers to
perform, turned out to be "too directed" to be true. How-
ever, the accumulated experience led to an alternative
approach for which we prepared script-templates that allow
a trade-off between authenticity and directed performance.
As explained above the software caters to individual student
needs; thus one cannot plan in advance the detailed flow of
learning and instruction. While watching the class the
experienced team decides what episodes to videotape. The
chosen players are then directed to repeat their own actions
in front of the cameras. The editing process involves the
writing of fitting narration for the film. In the following we
describe the actual script of the film that accompanies the
software Dots and Rules.

The films begin by explaining the goals and strategies of
the software via episodes of students performing mathemati-
cal considerations while working on the various activities.
The goal of the first activity is to establish the transfer skill
dot -> rule. The dot (-4,-8) is flashing and OM has difficul-
ties in identifying the appropriate rule "Y is two times X"
(which is denoted by a yellow spade) because of the
negative sign of the coordinates. After eliminating the other
easier rules he watches the screen and sees two other dots,
already marked by yellow spades, in the fist quadrant
where the coordinates are positive. He waves his hand
instinctively from the m!-!!4 tints. v2viard the flashing dot
and confirms loudly and very carefully that the rule is
satisfied by the coordinates. Gradually the student is

learning to use the graphical representation to associate the
dots to the rules and he is able to mark quickly the flashing
dots.

In the next activity the task is reversed the rule flashes
on and off, and the student is asked to identify the dots
whose coordinates satisfy the rule and to mark each of them
by either: coordinates or arrows. The evaluation done by
the software considers both the student's level of perfor-
mance and mode of work. The level of performance is
graded from I (high) to 3 (low); the mode of work is
assessed as (A)rithmetic, (G)raphic or (M)ixed. This
information is displayed on the screen and is thus "transpar-
ent" to the teacher. MT, a girl in the film, is combining
arithmetical and graphical considerations in her work and
one can see that the computer's estimation of her level of
performance is average and that her working mode is
believed to be mixed. As she progresses she is beginning to
relate to more than one point at a time and thus she identi-
fies a "convoy" of dots which satisfy a rule.

After this introduction the movie turns to a classroom
session, and we see how the class teacher presents, in brief,
the software and the two options for fixing the location of a
dot. The students start to work independently and the
management of the class is taken by the tutor from the
Weizmann Institute. She is performing the role of the
teacher who has been asked to observe one student and to
fill an "observation table". The computer also generates a
follow-up record which can provide more detailed informa-
tion on the computer's evaluation of the student's work,
how the computer reached its decision, and different types
of treatment initiated by the computer. After the session the
teacher will compare her filled-out form with the "stored
transparency". The on-screen visible transparency invites
the intervention of the tutor. She notices that DK tends to
work graphically at a low level of performance, and initiates
an intervention. She wants to improve his performance and
instrt-ts him in arithmetical arguments, because of his
graphical mode of work. At the same time the computer
provides "appropriate" feedback to the students: arithmeti-
cal feedback is given when it "senses" that the student
makes mistakes because of the tendency to work graphi-
cally, and for a student who needs support and tends to work
only arithmetically, the computer causes dots which fit the
rule to flash occasionally, hopefully drawing the student's
attention to the linearity.

The students work individually on the tutorial part of the
software; the computer provides treatment which also
includes repetitions of several activities and changes of the
levels of the rules that appear; and the tutor intervenes
where necessary. Students who complete the tutorial move
on to the game tor two. OM and MT are now playing the
game. MT wants to occupy a strategic dot which will
complete three "fours" but cannot associate it to any of the
given rules; she then decides to check what unoccupied dots
she can fit to the rules.

This two-way association of dots and rules invites high-
order mathematical considerations: at a certain moment MT
stops substituting the coordinates in the rules and becomes
interested in the relation between the two coordinates of a
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a

strategic point. She calculates the sum of the coordinates,
reviews the current list of rules and is happy to find a rule of
the category "sum of coordinates is constant" that fits.

Toward the end of the session the class teacher utilizes a
worksheet that accompanies the software in a class discus-
sion. The discussion focuses on the key problems presented
by the software. One can see how the different modes of
student work filter into the discussion.

The students leave the computer lab and the teacher
reports to the tutor on the one-student observation she made
during the session. She describes, with apparent enthusi-
asm, that the girl she observed started her work in an
arithmetical mode. Then she noticed that "the dots appear
in a convoy" and gradually switched te a mixed mode of
work. This is the time for the tutor to expose the stored
transparency of the computer (which is accessed by a key
press ). The computer record "validates" the story of the
teacher who seems to be very contented.

The video then presents a segment, taped at a teacher
course, where teachers browse enthisiastically through the
stored reports and compare them with their own findings. A
collage that links together the four components - subject
matter, software, student and teacher - concludes the film.

Effects on Attitudes and Implementation
The attitudes of teachers who were guided in the

implementation of transparent software by the videocas-
settes are encouraging. The comparison of the behavior of
teachers before and after watching the videos is striking.
The most important factor is that after watching the
videocassettes the teachers come to rely less on the project
team and more on themselves. In the follow-up reports
from the teachers we could analyze the key factors identi-
fied by Hadley and Sheingold (1993) as contributing to
teachers' azcomplishment: motivation and commitment;
support and collegiality; access to technology. It was clear
that, in general, motivation and commitment increased.
Regarding the two other factors we can be more specific
about the effect of the videos.

Fcmillarization with the software
Each software package includes a comprehensive

written Teacher Guide which contains a description of
activities, example worksheets and discussion sheets, and
gives an explanation of the transparency features. Our
impression has been that teachers do not make full use of
the Guide, they prefer demonstration and explanation given
by a tutor. The videos w.tich take 17-25 minutes to play
seem to provide a better support. Even teachers who have
had extensive experience in implementing a particular
software (and sometimes also a new tutor) admitted that the
film revealed details that they were unaware of. For
example, in the case of Dots and Rules they were unaware
of the fact that the computer measures student reaction time
for subsequent points on a line. During the preview sessions
we ourselves came to realize and to appreciate the amount
of information that can be communicated via this medium.

Presenting the software in the classroom
While evaluating teachers' experience in practice we

observed very often that teachers had difficulties in present-
ing the software in the class in a concise but clear way.
They frequently digressed to an explanation of the subject
matter of the courseware and solved exercises for the class.
We mentioned above that the film first demonstrates student
learning processes, before the actual "beginning of the
session". Our intention was to convey to the teachers that
students could solve problems individually by interacting
with the software, rather than being directed toward a
specific mode of solution. In any event, some of the
teachers noticed that in the film the teacher makes a very
brief presentation with an emphasis on the two options for
fixing the location of a dot (entering the coordinates or using
the arrows). Other teachers expressed their anxiety that
students would not observe the linearity unless it is pre-
explained to them. We suggested that teachers try and see
what happens in the class. Most of the teachers admitted
later that they just could not refrain from providing some
hints. However, in almost every school there was at least
one teacher who presented the software as seen in the film
(some used the segment of the video in the class - not being
sure of themselves). These "brave" teachers came to the
next staff meeting with lively anecdotes of how students
came to grips with the goals of the software. An on-site
bootstrapping process has begun.

Visible transparency and teacher intervention
Before the professional training courses were held in the

schools, the teachers filled out questionnaires asking about
their view of the role of the teacher in a computer-assisted
lesson. The following emerged: the majority of the teachers
felt that they had no defined role beyond presentation and
explanation of the technical aspects and the goals of the
software; some argued that they could not possibly monitor
the progress of all the students. In the training courses,
expert tutors exhibited (live or in films) how the codes of
the visit, transparency enable them to ascertain at a glance
the progress of the students in the class and perform
appropriate intervention. This transparent feature of the
software was very successful in motivating teachers to play
an aztive role. After watching the tutor's performance,
usually teachers got involved in firm pedagogical discus-
sions about the actions taken by the tutor. Later on they
practiced active implementation, and reported to colleagues,
in detail, about their experience in monitoring class work.
Some invited other teachers to observe and aid in their
classes. Again, on-site support and collegiality emerged.

Implementing the stored transparency
Our early experience with the stored transparency

indicated that there was a tendency to regard it as an
automatic grading system for student evaluation. To correct
the wrong impression we demonstrated in the films how to
act on the given information, as it becomes available, to
support students. We put a lot of media effort into prepar-
ing these scenes. For example, while the tutor and the
teacher compare the observation table to the computer
report, we see in flashback the student's behavior and
concurrently some relevant elements of the software. We
also note that the notion of the stored transparency varies
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tremendously from courseware to courseware, focusing on
the subtler points where students tend to make mistakes.
The teachers we worked with had difficulties in compre-
hending all the information unless they had hadintensive
training on the specific package. They found it difficult to
integrate the software and the film in relation to the stored
transparency, and expressed their wish to be able to navigate
easily between the two technologies.

In conclusion, this practical work and its evaluation led
us to recognize the need to link the audiovisual teacher
guide to the courseware itself using multimedia techniques.
It might be desirable to include in a courseware package the
pedagogical experience accumulated while developing the
courseware and while training teachers to implement it. In
such a way the educational technology may become a
successful instructional tool for its own implementation.
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Project ALIVE!: Acquiring Literacy through Interactive
Video Education is a federally-funded project designed to
assess the implementation and the impact of interactive
video on the reading and writing of deaf high school and
intermediate-level students. The project provides training,
support, multimedia equipment, and resources to teams of
two faculty from each of foui programs for deaf and hard-
of-hearing students.

The basic goal of the project is to provide teachers and
students with tools for enriching instruction through visual
means. The project's toolbox includes (a) multimedia
programs (Asymetrix's Compel and Toolbook), (b)
electronic resources (e.g., Microsoft's Bookshelf and
Software Too !works Multimedia Encyclopedia), (c) basic
productivity tools (e.g., Window's Accessories and other
programs such as Microsoft Word), (d) clip art and scanned
images libraries, and (e) captioned videodiscs.

In this paper, only one example from each participant is
providedshowing you the richness and creativity of all of
their work is beyond the scope of this report. Suffice it to
say that the group happily shared their instructional
strategies and ideas and that the examples presented herein
are simply representative of the strategies the group as a
whole developed. The examples are organized as follows:
(a) visually-supported instructional strategies, (b) uses of
graphic organizers, (c) uses of hypermedia resources, and
(d) student uses of hypermedia and interactive video.

(Note: This paper addresses applications in content
areas such as science and social studies. King et al., in this
volume, address literacy applications. King and Larkins, in
this volume, address issues related to the process of
implementing interactive technology in classrooms for deaf
and hard-of-hearing students.)

Visually-Supported Instructional
Strategies

Each of the teachers in the project selected a captioned
movie on videodisc to use as the basis for their first effort
with interactive instruction. The content area teachers and
the media specialist repurposed the videodiscs, rather than
using them to teach the story lines of the movies or other
literacy skills.

Science Applications
Wilda Whitley used the movie Innerspace as the basis

for her instructional unit. Video clips from the movie were
linked to an outline of body systems in Compel and to the
program Body Works. Innovative instructional strategies
included a progression of screens (ending with the graohic
organizer shown in Figure 1) to help students link thnr
previous background to the new vocabulary introduced in
Innerspace. New concepts (such as miniaturization) were
also presented via animation.

Social Studies Applications
Jim Barrie used the movie Dr. Zhivago as the basis for

his instructional unit on the Russian Revolution.
Hyperlinks were created between various video clips and
an outline generated in Compel, which also included a
variety of textual screens, charts, and pictures. Figure 2
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presents one of the graphic organizers he used as the basis
for discussions of pre-revolutionary uprisings. Clicking on
a node of the web would take the reader to more informa-
tion on the topic. Clicking on a video button would take the
reader to a video example.

Rosemary Stifter used the movie Glory as the basis for
her instructional unit. An example of an instructional screen
to help students develop better comparison and contrasting
skills is shown in Figure 3. In this activity, video clips
along with text or graphics when video wasn't available

served as the basis upon which the lives of different groups
of soldiers could be compared.

Sign Language Applications
Tony Hornick, the media specialist in the group, worked

extensively with the movie School Ties, but his plans for
future development rest more in the area of digital video.
Using a video test template from the Institute of Academic
Technology, he developed a prototype sign language video
test that could be used with both deaf and hearing students

HLaunch
Inject

_ftpage

Histronaut
Pilot

*ace
Pod

OrTEBSPACE

INNERSPACE

Vektor-
Scope

NASA

Figure 1. Graphic Organizer for Introducing the Movie, Innerspace.

Figure 2. Graphic Organizer for Russian Revolution with Dr. Zhivago Video.
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(see Figure 4). This template provides a complete record-
keeping system, along with an authoring mode wherein the
author of the test can provide generic and specific feedback
for each possible response in the multiple-choice test. The
computer will also randomize presentation order of the test
items.

Informational Database Applications
Marty Noretsky used the movie Hawaii: Island of the

Fire Goddess, as a model for interactive informational
databases. Figure 5 presents an instructional screen that
allowed readers to compare facts and legends concerning
how the Hawaiian islands were formed. This model, along
with others developed by the Project ALIVE! staff, was
used to show participants the types of applications that
could be developed.

Uses of Graphic Organizers
All of the participants in the project were excited by the

ability t I create professional-looking gaphic organizers for

Elle Edit Iext Eage Dols Video

Uniforms

their instructional units. Figures 1 and 2 in this paper are
examples of semantic webs, which everyone found very
useful. Especially important was the fact that the nodes
(box or circles at the end of the web) have "rubber band"
connections to the center of the web, which allow the modes
to be moved easily without redrawing of the node or line.
Semantic webs such as these and Venn diagrams (see King
et al., in this volume) quickly became a favorite means for
teachers and their students to show relationship among
concepts.

Uses of Hypermedia Resources
Participants in the project were given a Compel presen-

tation that contained hyperrnedia buttons for linking to
programs such as Microsoft's Bookshelf, the Software
Toolworks Multimedia Encyclopedia, and various other
hypermedia programs. Also included were buttons for
linking to the basic Windows accessories and other Win-
dows and/or DOS programs. The teachers have found some
exciting instructional uses for these tools. For example,

_I., Z.#.70%..c.x 44.

Look at the men's clothes. What are they
wearing? Do they all have nice clothes? Do they
all have warm clothes?

D1 of l
410,:dek,:gar.:r 4Y, VA-14.11,741utt

To see a Video Clip,
Click on a Button.

1-1training camp' marching"

Black Soldiers

White Soldiers

training campl marching**1

ritraining campi marching

Officers

Fast Play Step Still Step Play Fast EjectF
Continue Clip

Fig 3. Compare and Contrast Activity with the Movie Glory,
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several teachers have pasted the encyclopedia button on the
background of their presentations so that the encyclopedia is
always available. At first, some of us wished we could
deve',,r buttons that navigated to the exact item in the
encyclopedia we wanted to use. Now, we see this as an
important instructional feature in that students are repeat-
edly exposed to the process of finding items they want in
resource materials. The content area teachers and media
specialist were also able to link their curriculum materials to
other programs such as U.S. Presidents, the US Atlas, and
Body Works.

Student Uses of Hypermedia and
Interactive Video

The teachers in this project have been very creative in
involving students in the development and use of
hypermedia. Sometimes, teachers create cooperative
learning groups and have students use the computer on a
rotating basis. Other times, they have students come up and
use the computer during whole-class instruction activities.
Several of the teachers have begun having students create
their own multimedia presentations. Not surprisingly,
students appear to enjoy being active creators and organiz-

Dle Edit Iext rage

ers of information. Students and teachers alike are looking
forward to more student-gcnerated projects that will be
possible with increased availability of computers and
projection technology and with the new Video ClipMakers
available in Express Author (see King & Larkins, in this
volume).

Summary
This paper provides examples of some of the instruc-

tional strategies, goals, and instructional screens teachers
have developed for teaching content area subjects to deaf
and hard-of-hearing students. These teachers and their
students present and discuss new and old information in a
contextualized, visual manner that is supported by a rich set
of interactive media and authoring tools.

Support for this research was provided in part by a grant
from the U.S. Department of Education, Office of Special
Education and Rehabilitation Services: Technology,
Educational Media, and Materials for Individuals with
Disabilities Program (Grant No. HI 80-H20034). Opinions
and views expressed in this paper are those of the authors
and do not necessarily reflect the positions of any govern-
ment agency.

ASL Video Test
Multimedia Video Help

What did the signer
say?

PlayVideo.'

Total Remaining

3

:pTc7f,T1

Right Wrong

I am 19 years old.

I am 29 years old.

am 28 years old.

I am 18 years old.

Flg 4. Sign Language Video Test.
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Hawaii: Island of Fire Goddess
File Edit Text Page Multimedia Help

EXPLORE...
the facts and legends about the Hawaiian Islands by clicking on
the yellow buttons to activate video clips in the box below.

Science < FACTS and LEGENDS >

Itectonic att How were the Hawaiian Islands formed?Bl,
Pacific drama I

future island 1

Mythology

Pele's journey

Pele's curses

Click here
1to accept a

challenge 1
from the 1

goddess 1

Pele.

Fig 5. Informational Screen for Hawaii: Island of the Fire Goddess,
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The Educational Technology Leadership Institute
(ETLI), cosponsored by the National Geographic Society
and IBM, took place during the summers of 1991 and 1992
at IBM training facilities in Atlanta, Georgia. A total of 64
elementary and secondary educators from 29 states learned
to use technology to teach geography during two intensive
16-day institutes. Teachers were taught to use a variety of
software packages and hardware including CD-ROMs,
laser discs, and telecommunication devices. In addition,
participants learned how to teach their peers and how to
develop curricular materials that incorporate technology
and geography. Each teacher was required to conduct a
minimum of three full-day staff development workshops in
their states during the following year. To date, ETLI
participants have exceeded the minimum workshop
requirements. They have conducted over 500 training
sessions, reaching more than 19,000 educators, spending an
average of 39 hours each during the last year!

The ETLI project was successful in preparing a cohort
of technologically literate and enthused geography teacher-
trainers. This article, based on ETLI evaluations, two years
of telecommunications, interviews, and personal contact
with participants, describes the project and suggests a
variety of factors that contributed to its efficacy. It also
describes a model of teacher preparation in which technol-
ogy training is content-driven, not generic. The teacher-
trainingteachers model is not new, but as implemented in
ETLI, it provided a powerful engine to create and drive the
movement for technologyenhanced geography education.

The Geography Renaissance and
Technology

Since 1986 geography education has been a focus of
attention for the National Geographic Society (NGS). In
that year it launched a campaign to form a national alliance
of geography professors and teachers to enhance geography
instruction in K-12 classrooms. The catalyst for the current
renaissance of geography education has been intensive
summer institutes and workshops held at NGS in Washing-
ton D. C and in participatory states. The institutes are
organized around three elements: (a) teachers receive
instruction in the fundamental themes and concepts of
geography; (b) they learn innovative ways to teach geogra-
phy through experiencing lessons modeled by master
teachers; and, (c) they learn how to prepare and present
effective geography staff development workshops. The
alliances uses a teacher-training-teacher model to improve
methods and materials and to reach as many teachers and
students as possible (Binko, 1989).

In 1988, technology training was introduced into the
institutes. Participants, called teacher-consultants upon
institute graduation, were exposed to computers and made
aware of the ways technology could be used to teach
geography. By 1990, however, it became clear that a few
hours of instruction were insufficient to meet the growing
demand for staff development in using technology. A
cadre of technologically literate geography educators and
staff from NGS and IBM organized the Educational
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Technology Leadership Institute, a technology-based
geography institute for teacher-consultants.

Technology and Geography instruction
Geography by its nature is a discipline enhanced by

visualization. Maps, remotely sensed images, graphs,
sketches, diagrams, photographs, spatial databases and other
representations are important parts of geographic analysis
(MacEachren, 1992). In fact, any information that helps
individuals observe Earth's characteristics, discern patterns
and spatial relationships, and gain a sense of what places are
like, is essential in geography education.

Five Skills of Geography
Geography educators identify five important geography

skills: (a) asking geographic questions; (b) collecting
geographic information; (c) presenting geographic informa-
tion; (d) analyzing geographic information; and (e) develop-
ing and testing geographic generalizations (Joint Committee
for Geographic Education, 1984). Technology can be used
by students to master each skill and to integrate them into a
process of inquiry. A variety of software, laser disks, CD-
ROMS, and telecommunications links makes geographic
information, including pictures, accessible and relatively
easy to collect. Geography students need to both read and
create maps to find geographic relationships and associa-
tions. Technology makes cartography easy and removes the
tedium of making a variety of maps while exploring data.
Technology allows students to present geographic informa-
tion in time lines, graphs, charts, and models easily. There
are a number of geographic reiationships and concepts that
are abstract and difficult for students to learn, such as spatial
diffusion, population growth, and geomolphic processes.
They can be modeled, displayed, and explicated using
technology. Complex geographic problems can be man-
aged using geographic information systems (GIS). These
technological solutions to pedagogical problems facilitate
the analysis and conclusion-drawing stages of inquiry.

Teaching and Telecommunications
Communication is enhanced by technology as well.

Certa.nly, the best way to learn something is to teach it. In
geography this is especially true. Authoring programs like

Linkway and Hypercard, and software that allows students

to construct multimedia presentations, encouragelearning

and the communication of ideas. Telecommunications link
students with each other, with experts, and with current
information. It broadens student perspective and makes the
differences and similarities of the world clearand real to

them, important goals for geography instruction.

Goals and Strategies
Each ETLI consisted of two components: the intensive

institute itself and follow-up support to assist participants in
implementation and diffusion. The institute had two
primary goals: (a) to prepare participants to use technology

in their classrooms; and (b) to prepare participants to share

their expertise with other teachers. ETLI teacher-consult-

ants were to assume leadership roles in their Alliances by

developing geography-technology applications and training

C29

opportunities and by becoming advocates for technology as
a means of teaching geography.

ETU Participants
Pairs of teacher-consultants from 29 states, chosen by

their Geographic Alliance, attended the 16-day training.
The participants were chosen for their experience and
success in delivering non-technology staffdevelopment,
knowledge of geography, and overall leadership. Partici-
pants came with a variety of technology experience and
ability. Some were very comfortable with computers;
others were not. Each participant received a computer, laser
disk player, and other multimedia equipment, as well as a
variety of software, to use in their classroom and to share
what they learned with their colleagues in staff development
workshops.

Staff
The staff was headed by a classroom teacher with long

experience in geographic education, assisted by employees
of the National Geographic Society and MM. IBM
provided a technical trainer who was also a classroom
teacher; for the second institute NGS provided a technical
assistant. Two master teacher-consultants served as staff
geographer and presenter.

Structure of Institute
ETLI was held in Atlanta, Georgia, in IBM training

facilities. The training site had 16 computer stations at
which participants worked in pairs. Teachers were housed
in apartments, four to a suite, at a site a short drive from the
training facilities. Each apartment also had two computer
systems. Participants were given homework assignments at
the conclusion of each day to encourage practice. For
example, after each pair assembled their computer, monitor,
keyboard, mouse, speakers, et cetera in the training site,
they had to repeat the procedure at home.

Training Philosophy and Institute Model
The ETLI curriculum was designed to reflect the links

between technology and geography instruction. Instruction
began with an introduction to DOS, mouse skills, and
computers, and moved quickly away from technology per se
and into geography. Emphasis was on learning specific
software to enhance geography learning. The focus of the
Institute was clearly on teaching geography using technol-
ogy. The Institute employed an instructional model based
on four stages of learning: (a) awareness, (b) understanding,
(c) guided practice, and (d) implementation. First, the new
software and/or hardware was introduced (awareness), and a
model lesson using it was presented by a staff member
(understanding). During the model lesson, teachers
participated as if they were students. In this way teachers
became familiar with a lesson they could use in their
classroom as well as in workshops. Second, participants,
working in pairs, were given time to explore the software at
theu paining station (guided practice) Finally, in the
evening, participants loaded the software or added the
hardware to their home systems, and continued to become
familiar and comfortable with the programs. Gradually,
even novice technology-users became "geo-techies."
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Teachers participated in and observed a number of
lessons that modeled how to teach geography using
technology. At the conclusion of the Institute, again
working in pairs, teachers developed and modeled one-hour,
staff development workshops using the software and
hardware they had learned (implementation). Feedback
provided by fellow participants helped to improve and
polish the presentations. This summative experience
provided each teacher with 15 lescon plans to use in
teaching and training, built confidence, and provided
experience in the joys and frustrations of presenting
technology-based inservice workshops.

Evaluation
One of the strongest components of the Institute was

careful attention to daily evaluations. At the conclusion of
each day, participants completed an evaluation form which
monitored personal level of comfort and asked questions
such as "What went well today?" and "On what do you
need additional help?" Each evening the staff reviewed the
evaluations and adjusted the next day's agenda. 'This
process was especially important for the first Institute;
pacing, introduction of more detailed instructions, and a
system of nightly staff visits to struggling participants in the
second Institute made adjustments less necessary. In both
Institutes, flexibility was an important component. A
summative evaluation and a follow-up evaluation in 1993
has tracked ETLI participants and suggest strengths of the
ETLI model.

Support
Follow-up support for participants has been provided by

NGS, and the ETLI staff in two ways. During the
Institute teachers were trained to use a commercial telecom-
munications service, America On-Line, and given an
introductory free membership. This telecommunication link
to staff served as the primary avenue of support for partici-
pants. Secondly, participants were given a hot-line number
at NGS and IBM to call for immediate technical assistance.
Participants have used both avenues to communicate with
each other and staff, sharing success stories and problems,
calling for assistance, and asking specific technology
questions. Participants have also been supported by their
state Alliances. In some cases, participants' school districts
have provided technical support, staff development opportu-
nities, and some equipment, for example, a telephone line.

An analysis of the On-Line communication for both
1991 and 1992 participants shows that most of the requests
for support have been technology-based. A small yet
significant number of requests have been made to the NGS
and IBM staff liaisons seeking support in creating opportu-
nities for staff development, training workshops, and
equipment purchases and repairs. There have been almost
no requests for help in teaching methods using technology
or geography.

Some of the telecommunications are personal; most
often they relate to geography. In the fall of 1993, one
ETLI 1991 participant wrote a long and detailed description
of the Los Angeles fires. Another sent a message asking if
anyone had experience in preparing environmental impact

reports to expose a local case of water pollution. Earlier in
the summer, a series of reports from areas along the flooded
Mississippi provided first hand reports of that human-
environment interaction. ETLI 1992 participants waited
anxiously to hear if their fellow teacher-consultant from
Kauai survived Hurricane Iniki. One ETLI participant
wrote:

I appreciate the connectedness we all gained through
America On-Line. It was a message on-line that got me into
the Arctic Project with Will Steger.... Telecommunications is
used to create a network of schools and to allow them to
interact with Arctic explorers up in the Northwest Territo-
ries.

Lessons Learned
ETLI can be considered a success based simply on the

number of workshops conducted by its graduates. They
have conducted 589 workshops for approximately 19,200
educators. Not one ETLI graduate has failed to meet
Institute expectations. ETLI graduates have had a tremen-
dous effect in other ways as well, for example, by incorpo-
rating technology into state summer geography institutes by
replicating the ETLI model. ETLI-trained teacher-consult-
ants have presented at national conferences, worked with
preservice educators and appeared before a congressional
appropriations committee. They have changed their
personal style of teaching and expanded the use of technol-
ogy in other classrooms by writing and receiving grants.
They have become geo-tech advocates, a primary Institute
goal.

The success of ETLI in preparing technologically
literate and enthused geography teacher-consultants may be
attributed to a variety of factors:

The Nature of Geography
As discussed previously, geography is a discipline

enhanced by visualization. Many geography teachers use a
process of inquiry which is enriched and enabled by
technology.

The Participant Selection Process
All the .narticipants had previous experience in staff
develot. and geography education from attending
previous Geography Institutes. They were chosen by their
state Alliance following clear guidelines distributed by the
National Geographic Society. Choosine pairs from each
state gave participants a ready network of support and a
partner/collaborator.

The Training Philosophy and Institute Model
The Eru experience proved that teaching technology
through content can be successful. During ETLI a number
of participants commented that they had previously received
technology training but that it had not seemed relevant or
useful to them. By embedding the technology training in
subject matter, and by placing the emphasis on geography,
not technology, interest and motivation was increased.
Participants were willing to exert effm t to learn technology
that would make them better geography teachers, something
they valued. As one teacher wrote in a list of tips about
conducting geography/technology inservice workshops,
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"Focus on academics. Don't turn a technology workshop
into a hardware and software show."

Participants commented in follow-up evaluations on the
value of seeing lessons modeled during the Institute and
having to prepare an inservice Nesentation on their own.
Some found the four-staged model (awareness, understand-
ing, guided practice, implementation) useful in planning
staff development experiences.

Use of Daily Evaluations and Flexible
Scheduling

Throughout both Institutes, daily evaluations helped to
monitor teacher progress and maintain participants at their
zone of proximal development. Participants found ETLI a
stressful experience (one likened it to Navy SEALS training
in the Institute evaluation), but the challenge was never so
great that participants became frustrated, alienated, or lost
commitment.

The Alliance Context
ETLI graduates returned to a successful and function-

ing Alliance structure through which they could work to
arrange staff development opportunities, summer institutes
featuring technology, and other activities. The Alliance
network provided access to teachers interested in geography
and disposed to learning new ways to teach geography.
Early success in providing training to Alliance teachers gave
participants the confidence to branch out to a wider and
perhaps less-responsive audience.

Follow-Up Support
The level of support and follow-up provided to EMI

participants using teleconununications has been of great
importance in maintaining enthusiasm, interest, and
continuing commitment to geography/technology education.
Not only have participants helped each other, but they have
had easy access to both the National Geographic Society
staff and IBM personnel. ETLI created two cohorts of
tea.chers who remain deeply connected with each other
professionally and personally, both through telecommunica-
tions and the common bond of interest in geography and
technology.

Hardware and Software Donations
One of the most important ingredients in the success of

ETLI must be attributed to the wealth of hardware and
software participants received. This made presentation in
workshops and exploration in the classroom easy.

Outcomes for Participants
Outcomes for the participants can be seen in their

classrooms and their opportunities for professional leader-
ship

Changes in the Classroom
The Institute had a profound effect on those who

attended. One of the most fundamental effects was the
change it produced in participants' teaching styles, class-
room organization, and curriculum. As one ETLI graduate
reported, " I have rethought my classroom approach. I'm
allowing the students to become more independent in their
search for knowledge in my classroom." Another teacher
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commented on the world of resource materials available to
students through technology: "...ETLI has enabled me to be
more of a facilitator than a lecturer. Technology has been a
wonderful tool for integrating the curriculum." A teacher in
Massachusetts commented, "Technology has allowed my
students to be in control of their own learning and to be
aware of a world that exists far from the four walls of the
classroom. It is such an integral part of the program that we
can never return to the way we learned before." A third
grade teacher in North Carolina wrote:

Through the use of the computer, teaching is a much
less regimented scheme of instructor-made plans to prompt
the "right answers." Instead teaching/learning are mutual
outcomes for both the instructor and students. Our class-
room computer is no longer an incidental part of the
classroom, it is the integral part of the curriculum.

All ETLI participants recognize the value of active
learning, the opportunities for discovery provided by
technology-based instruction, and renewed enthusiasm and
interest on the part of their students. One participant
summed up experiences shared by many ETLI graduates:

Technology has elevated the quality of my teaching.
One only has to see the reactions of my students. They are
excited and involved in the learning process. I am more
efficient and effective as a teacher because I can create arid
tailor lessons in ways that were not possible before.
Students respond to what they see and hear immediately and
they can create and present their own lessons. Technology
provides the tools that students can relate to and I can
involve them more meaningfully in their education.

Changes in Professional Opportunities and New
Leadership Roles

Many ETLI participants have been offered new profes-
sional opportunities as a result of their technical and
geographic expertise. Several have become social studies
coordinators and as a result now incorporate more technol-
ogy into staff development. Four are now computer/media
specialists. Others have become involved in curriculum
development, have received appointments to state technol-
ogy education committees, work as computer consultants,
and teach preservice educators about geography, social
studies, and technology. These graduates have a wider and
more important sphere of power in which to encourage
technology and geography.

More than 20 ETLI participants have written and
obtained grants to purchase more equipment, software, and
training opportunities for themselves and their colleagues.
Many ETLI graduates used their own resources to attend
two reunion and renewal workshops and have worked
diligently to learn new and innovative computer-based
geography techniques such as geographic information
systems.

Summary
Copeland and De La Cruz (1990) found limited success

in using an intensive training institute to prepare teachers to
implement technology in their own classrooms and to take
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on staff development and advocacy roles within their school
districts. They attributed the lack of success to five factors,
including participants personal characteristics, an inad-
equate level of support, and time lag. The ETLI experience
confirms the importance of two of their findings but did not
indicate a time lag. A network of support for ETLI gradu-
ates may have been a crucial factor in implementation. The
selection process identified individuals who were already
leaders, and placed them back into a strong Alliance
network that enabled them to reach other teachers. These
two factors, and the unique model of teaching technology
through a disciplinary base, may have contributed to the
strength of ETLI.
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There are two issues that most educators and researchers
would agree upon. One is that geography had been badly
neglected and largely disappeared from the American
school curriculum by the 1970s (Egan, 1983; Gregg and
Leinhardt, 1993). The other is that as computer technology
becomes increasingly sophisticated, more and more
computers are being used in the field of elementary
education to improve students' learning achievement
(Kinnaman, 1990; ASCD, 1990; Ouyang, 1993). Teachers
in elementary schools are faced with the challenge to revive
geographic education. The use of increasingly sophisticated
computer technology can be an effective way for teachers to
face this challenge.

Awareness of the challenge
The importance of the issue of geographic literacy is

now recognized at both the national and state levels. After
decades of ignorance of geography education, geography
became one of the five core subjects specified in the
National Education Goals in 1991. By 1992, all 50 states
and the District of Columbia had established alliances.
Geography leaders across the country recognized that they
would have to redouble their efforts to meet the National
Educational Goals. Geography Education National
Standards have become available now and are expected to
be widely adopted by states, school districts, and schools.

However, one of the main problems of reviving
geography teaching in elementary schools is the limited
background of teachers (Gardner, 1986; Gregg & Leinhardt,
1993). Cirrincione and Farrell (1989) reported that of the
576 social studies teachers, 48 percent had no more than one
undergraduate course in geography and at the graduate
level, 64 percent had no advanced training. Gregg and
Leinhardt (1993) stated that although some teachers can get
training and support through such avenues as the Summer
Geography Institutes organized by the state-level Geo-
graphic Alliance, many teachers have received little or no
support. It is a challenging task for elementary school
teachers who have been neglected to achieve the National
Education Goals and have geographic education meet the
new National Geography Standards.

Use of Computer Technology
The use of advanced computer technology can be one of

the ways to enrich elementary school teachers' geographic
knowledge and to facilitate teachers' geographic instruction.
Theoretically, the presence of increasingly sophisticated
computer technology in the field of education provides
teachers with an intellectual tool and offers teachers a new
opportunity to improve the quality of education (Solomon,
1986). Realistically, more than two million microcomputers
have entered American schools, and the national ratio of
student to computer has changed from 125:1 to 16:1 within
the past decade. In addition, more than 10,000 educational
software programs have become available for Lacher and
student use in the schools (Kinnaman, 1990; ASCD, 1990;
Electronic Learning, October, 1993).

Geography instruction can be better suited to the use of
computers than many other subjects (Fitzpatrick, 1990).
Access to video and computer images emphasizes the visual
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content of geography. Electronic images, which can be
easily and inexpensively updated, reflect more accurately
than text the rapidly changing nature of the world such as
political boundaries, effects of natural hazards, and climate
patterns. When exploring tutorial, drill and practice, or
simulation software packages, teachers discover on their
own, learn and understand more. When searching with
database programs, teachers can accumulate great quantities
of geographic information which can be used to create new
methods of instniction.

Software for Elementary Teachers
Geographic software for elementary teachers can be

classified into two groups, (a) software for instruction and
learning, and (b) database software for geographic informa-
tion.

Software for instruction and learning
Certain geographic computer programs have been used

and considered helpful for elementary teachers. For
developing basic map and globe concepts, Broderbund's
Kid Piz, Laureate's Follow Directions, and Weekly
Reader's Map Skills are highly recommended to kindergar-
ten and first grade teachers. Kid Pix, a creative paint
program for young children, combines special effect art
tools, picture stamps, sounds, and magic screen "trans-for-
motions" to help students create fun and unusual graphics.
It can be an effective tool for younger children to create
geographic symbols and learn the concept of maps. Follow
Directions consists of two parts. Part one focuses on
learning directions such as above/below, in front of/in back
of/next to, behind/between, upper/lower, left/right, through/
under, ordinal (1st, 2nd, 3rd), etc. A natural-sounding voice
and colorful graphics make this program ideal for younger
children and those with learning disabilities. Part two deals
with the direction of left and right. The program can help
younger children master left/right discrimination through
the activities of right-hand matching, practice crossing
midline, and moving objects to the left and right. Map Skills
can be used to teach younger children basic map reading
skills by following trip instructions around five maps of
imaginary communities, and reinforce map reading skills by
exploring distance, symbols, directions, and scale at ten
different levels.

For the reinforcement of children's learning of geogra-
phy, the use of Weekly Reader's StickyBear Town Builder,
MECC's Jenny's Journey, and Orange Cherry's Talking
USA Map will be helpful for second and third grade
teachers. StickyBear Town Builder can be used to develop
second graders' basic map reading skills, shapes of build-
ings, and other town components. It gives children experi-
ence identifying symbols on maps. Jenny's Journey can
help students recognize and apply such map and globe
concepts as area, location, climate, zones, latitude and
longitude. With three different levels, students can progress
at their own pace, learn to use a map index, find locations,
plan a route of travel, and take a simulated drive through
"Lake City." Talking USA Map uses both sight and sound

to help children learn the names, locations, and capitals of
the 50 states. It provides detailed maps of the entire United

States, different regions of the country, plus individual state
maps.

Those who teach in the third and fourth grade may also
find it useful exploring Didatech's Crosscountry USA,
Garnco's States and Capitals. and Educational Activities'
Learning about Geography, Maps, and Globes.
Crosscountry USA, a winner of a 1991 Parents' Choice
Award, helps students develop map reading skills and apply
the skills into daily life. With this program, children play
the role of truck drivers to discover America. They read
maps, calculate distances, estimate expenses, and plan cost
effective routes from coast to coast while finding and
delivering up to 52 commodities as they visit up to 180
American cities. States and Capitals can be used for
students to identify highlighted states, to locate states within
a region, to abbreviate state names using US postal codes, to
look at postal abbreviations and correctly spell a state's
name, to name capital cities, and to spell the names of
capital cities correctly. Learning about Geography, Maps,
and Globes offers students opportunities to interact with this
program using stimulating tutorials, questions and answers,
and simulations to gain an understanding of geography. The
program consists of three disks:

Disk I Introduction of Geography, Maps and Globes
introduces basic concepts in geography including
learning about maps and globes, finding directions, land
messages and water masses.
Disk Making Use of Maps focuses on the concepts
of distances on maps, symbols on maps, and latitude and
longitude.
Disk III Maps in Your bfe deals with the concepts of
day and night, seasons on Earth, maps for many reasons,
and learning about maps.

An automatic management system is included for
teachers to monitor and evaluate student progress in
mastering specific skills.

Beyond getting familiar with the geographic programs
mentioned above, teachers of fifth and sixth grade will find
it beneficial integrating MECC's The Oregon Trail,
Broderbund's Where in the USA is Carmen Sandiego?, and
Where in the World is Carmen Sandiego? into their
instruction. The Oregon Trail is a computer simulation of
the journey to the Old West via the trail carved in the harsh
wilderness by 19th century pioneers. It can be used to
develop students' decision making, interpersonal, compre-
hension, inquiry, and relevancy skills. The Delur- VGA
edition for IBM features new and improved high-resolution
graphics along with digitized sound to provide a greater
amount of realism and excitement. Where in the USA is
Carmen Sandiego? and Where in the World is Carmen
Sandiego? help students recognize and apply map and globe
concepts and terms. While playing the games of Carmen
Sandiego, students learn about the geography, economy,
and history of the 50 states as well as world geography as
they track down criminals from state to state and country to
country.

In addition, PC Globe's PC Globe/MAC Globe and
MECC' s World Geograph II can be used to help students
interpret charts, tables, graphs, diagrams, time lines, and
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understand the interrelationship between environment and
resources in determining historical events. PC Globe/MAC
Globe provides students with an electronic atlas of 208
countries' major city locations, political and cultural
information, demographic, economic, climate and health
data, travel requirements, tourist attractions, currency
conversions, and country comparisons on charts and maps.
The program also shows each country's flag and plays its
national anthem. World Geograph II features full color
maps, graphing capabilities, and an in-depth database with
55 categories related to 177 nations.

Database for Geographic Information
Another group of software is database programs from

which teachers can accumulate great quantities of geo-
graphic information for instruction and reference. For
example, Sunburst's CD-ROM Picture Atlas of the World, a
multimedia atlas, includes maps of every nation and high-
quality photos of those nations' peoples, places, and
landforms. Its special features include:

interactive political, topographic, regional, continental,
and world maps in VGA format,
more than 900 full-screen photos,
a pop-up glossary of geographic terms,
audio and video clips highlighting language, musical,
and cultural traditions of the worlds' nations,
pop-up captions and essays, geographic, demographic,
and statistical data about every nation, and
animations and diagrams exploring how to read a map.

Davidson's Earthquest, an interactive mini-encyclope-
dia, provides students at grade 4 and up an adventurous
discovery of the earth, its people and its environment. It
covers more than 150 subjects that are brought to life
through dozens of interactive challenges, gaphics, anima-
tion, samples of languages and music, 43 maps, and a
variety of charts and tabies. The Software Toolworks' U.S.
Atlas 3.0 Multimedia and World Atlas 3.0 Multimedia are
practical combinations of a fact book, almanac, and atlas
which let teachers instantly access high quality, full-color
maps and a huge database of information. The new U.S.
Atlas MPC version includes data entry notepad, map trails,
map makers, and other useful features. It provides topo-
graphical maps of all regions of the United States, city
regional maps, and hundreds of bar cl As and statistical
maps. World Atlas zooms from the ocean depths to the
world's largest peaks in a flash. It charts, analyzes, and
compares thousands of facts and statistics in over 200
countries. The multimedia feature in World Atlas 3.0 for
Windows provides digitized pronunciation of countries and
cities, national anthems, and animated flags.
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Summary
Geography education is a challenge to elementary

school teachers today; however, the use of computer
technology can be one of the ways that teachers can face the
challenge. Exploring geographic software packages and
database software can help teachers discover and create new
effective methods of geography instruction.

References
ASCD (Association for Supervision and Curriculum Develop-

ment). (1990). Computer "revolution" on hold. Update,
32(9), 1, 4-5.

Cirrincione, J. M., & Farrell. R. (1989). The status of geography
in middle/junior and senior high schools. In S. J. Natoli (Ed.),
Strengthening geography in the social studies: Bulletin No. 81.
Washington, DC: National Council for the Social Studies.

Egan, K. (1983). Social studies and the erosion of education.
Curricuhan Inquiry, 13(2), 195-214.

Fitzpatrick, C. (1990). Computers in geography instruction.
Journal of Geography, 89(4), 148-149.

Gardner, D. P., (1986). Geography in the school curriculum.
Annals of the Association of American Geographers, 76(1), 1-
4.

Gregg, M., & Leinhardt, G. (1993). Geography in history: What
is the Where? Journal of Geography, 92(2), 56-63.

Gregg, M., & Leinhardt, G. (1993). Mapping out geography: An
example of epistemology and education. Unpublished
manuscript. University of Pittsburgh, Learning Research and
Development Center, Pittsburgh.

Joint Committee on Geographic Education. (1984). Guideline for
Geographic Education: Elementary and Secondary Schools.
Washington, DC: National Council for Geographic Education
and Association of American Geographers.

Kinnarnan, D. E. (1990). What's the research telling us?
Classroom Computer Learning, 10 (6), 31-34, 38-39.

Ouyang, R. (1993). A meta-analysis: Effectiveness of computer-
assisted instruction at the level of elementary education.
Unpublished doctoral dissertation, Indiana University of
Pennsylvania.

Solomon, C. (1986). Computer environment for children: A
reflection on theories of learning and education. Cambridge,
MA: MIT.

Technology in the USA: An educational perspective. (October,
1993). Electronic Learning, p. 20-28.

John Ronghua Ouyang is an Assistant Professor in the
Department of Professional Studies in Education, College
of Education, Indiana University of Pennsylvania, Indiana,
PA 15705 E-mail: ROUYANG@IUP.B17NET

Science and Social Studies 609



Section Editors:
Michael P. French
Gregg Brownell

This section includes five papers which represent a
variety of research initiatives enhancing the use of
technology in reading and language arts. Each provides
an example of the influence of technology on curriculum
design and development in this subject area.

The first two by Kathryn I. Matthew and Nancy L.
Williams at the University of Houston and by Mary Ellen
Butler-Pascoe at the United States International Univer-
sity demonmate applications of computer technology
related to writing. Matthew and Williams report on the
use of a HyperCard stack, The Stages of Writing Develop-
ment, which was created for use within an elementary
language arts methods course. This paper demonstrates
the effects that quality modeling by education professors
can have on learning in college classrooms.

Butler-Pascoe evaluates the use of the effectiveness of
the computer as a means of introducing a computer based
writing process into two intermediate-level ESL writing
classes in a university program. Included in this design was
word processing, online databases, and telecommunications
applications.

The third paper in this section, by Nancy C.
McClure, furthers the discussion of hypermedia integra-
tion by illustrating the relationship of whole language
theory to hypermedia design. According to McClure, the
use of hypermedia is a natural step in the progression of
holistic, child-centered learning. Hypermedia facilitates
the integration of content and the consolidation of volumes
of information.

The final two papers by Antonio Fernandez with his
colleagues Joseph Totoraitis and Anthony Palese, and by
Jean M. Casey, report on initiatives in which colleges and
universities have collaborated with local schools. In the
paper by Fernadez et al., a long distance learning project
is described in which students at St. Thomas University
in Miami, Florida are linked with fifth grade students at
Rockfield Elementary School in Germantown, Wiscon-
sin.

In the paper by Casey, an evaluation of a project
involving IBM's Write to Read is described. The project,
called the Simi Star Project, dealt with the use of Write to
Read in primary classrooms. The author reported results
favorable to the use of Write to Read

Michael P. French is an Associate Professbr and Director
of the Reading Center at Bowling Green State University,
Bowling Green, Ohio. e-mail: mfrench@andy.bgsu.edu

Gregg Brownell is also an associate professor at Bowling
Green State University. He is Director of the Technology
and Learning Center. e-mail: gbrowne@andy.bgsu.edu
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understand the interrelationship between environment and
resources in determining historical events. PC Globe/MAC
Globe provides students with an electronic atlas of 208
countries' major city locations, political and cultural
information, demographic, economic, climate and health
data, travel requirements, tourist attractions, currency
conversions, and country comparisons on charts and maps.
The program also shows each country's flag and plays its
national anthem. World Geograph II features full color
maps, graphing capabilities, and an in-depth database with
55 categories related to 177 nations.

Database for Geographic information
Another group of software is database programs from

which teachers can accumulate great quantities of geo-
gaphic information for instruction and reference. For
example, Sunburst's CD-ROM Picture Atlas of the World, a
multimedia atlas, includes maps of every nation and high-
quality photos of those nations' peoples, places, and
landforrns. Its special features include:

interactive political, topographic, regional, continental,
and world maps in VGA format,
more than 900 full-screen photos,
a pop-up glossary of geographic terms,
audio and video clips highlighting language, musical,
and cultural traditions of the worlds' nations,
pop-up captions and essays, geographic, demographic,
and statistical data about every nation, and
animations and diagrams exploring how to read a map.

Davidson's Earthquest, an interactive mini-encyclope-
dia, provides students at grade 4 and up an adventurous
discovery of the earth, its people and its environment. It
covers more than 150 subjects that are brought to life
through dozens of interactive challenges, graphics, anima-
tion, samples of languages and music, 43 maps, and a
variety of charts and tables. The Software Toolworks' U.S.
Atlas 3.0 Multimedia and World Atlas 3.0 Multimedia are
practical combinations of a fact book, almanac, and atlas
which let teachers instantly access high quality, full-color
maps and a huge database of information. The new U.S.
Atlas MPC version includes data entry notepad, map trails,
map makers, and other useful features. It provides topo-
graphical maps of all regions of the United States, city
regional maps, and hundreds of bar charts and statistical
maps. World Atlas zooms from the ocean depths to the
world's largest peaks in a flash. It charts, analyzes, and
compares thousands of facts and statistics in over 200
countries. The multimedia feature in World Atlas 3.0 for
Windows provides digitized pronunciation of countries and
cities, national anthems, and animated flags.

Summary
Geography education is a challenge to elementary

school teachers today; however, the use of computer
technology can be one of the ways that teachers can face the
challenge. Exploring geographic software packages and
database software can help teachers discover and create new
effective methods of geography instruction.
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Authentic Uses of
Technology for Curriculum

Planning within a
Language Arts Curriculum

Kathryn I. Matthew
University of Houston

Nancy L. Williams
University of Houston

AO,

The incorporation of technology into teacher preparation
programs is an important step towards implementation into
the classroom (Johnson & Harlow, 1993; Wright, 1993).
Since teachers tend to teach as they are taught, they need to
use computers to facilitate their learning. Although this
integration of technology has been strongly advocated,
research conducted by Handler (1993) found few examples
of this practice in college methods courses. This is unfortu-
nate as respondents of Handler's study reported frequent
modeling of technology in methods courses led to actual
classroom use with children. Although many teacher
preparation programs do include an introductory computer
course, students see little modeling of technology by
education professors. Therefore, students often do not apply
this knowledge in classroom situations.

Realizing the importance of this modeling of computer
use in education methods courses a HyperCard stack, The
Stages of Writing Development, was created for use within
an elementary language arts methods course. The purpose of
this stack was to present information about the process of
writing and expose preservice teachers to authentic writing
samples of young children. Specifically, the students will
have the opportunity to read about and view samples of
early writing, invented spelling, and composition. Initially
this stack will be used in the methods course to present the
material. For the remainder of the course, it will also be
available in the computer resource room as a reference
source for a future project.

Theoretical Framework
Cooper (1993) traced the shifts in designed instruction

from behaviorism to cognitivism to constructivism as it
applies to technology. These shifts began with the behavior-
ist influence on instructional design which resulted in
computer programs concentrating on mastery of basic skills
through the use of positive reinforcement. These programs,
which presented the material in small, manageable chunks,
were limited by their concentration on isolated skills. The
second shift focuses on the cognitive theory of learning.
Here the information is related to knowledge already
possessed by the learner. Learning is then linked to this
prior knowledge in semantic webs that facilitate retention of
the material and ersy access. These programs present the
knowledge to the learner as an interconnected whole rather
than parts. The present shift is to constructivism. In this
paradigm the focus is on the the learner's personal construc-
tion of knowledge rather than knowledge being presented to
the learner. Learning is accomplished through personal
discovery driven by intrinsic motivation. These programs
provide the learner with access to large databases, or
networks of information, and interactive simulations.
Therefore, as these paradigms influence technology, the
instructional designs change to accommodate them.

For the purposes of the creation of the Stages of Writing
Development, we were influenced by both the cognitive and
the constructivist theories of learning. We chose a hypertext
document because it allowed us to organize and store
information in a format representative of cognitive structure.
Further, it allows information to be accessed in a nonlinear,
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associative manner through semantic maps. These maps are
reflective of cognitive thought which can be represented in
hypertext with its links and nodes structure (Jonassen, 1988;
Park, 1991).

As constructivism requires personal construction of
knowledge, hypertext allows the user to take an active role
in this process. Additionally, hypertext allows for varying
degrees of learner control which effects both motivation and
self-learning (Park, 1991). The amount of learner control
that is provided should depend on the knowledge base of the
learner and the information presented. Learners with a great
deal of knowledge on the topic need little control and
benefit from being able to access the information in a way
that is most beneficial to them. However, learners with
lesser knowledge may need assistance as they access the

information. As they acquire knowledge of the topic and
desire more information on a particular section, they are
able to choose their own paths through the material.

Content
The stack consists of four separate stacks each with their

own focus: 1) Introduction, 2) Early Writing, 3) Stages of
Invented Spelling, and 4) Composition. Each section is

composed of subsections that provide information about the

writing process and are accompanied by authentic writing
samples which illustrate the developmental stages of
writing.

The beginning stack presents an overview (Figure 1) of
the material contained in the stacks and instructions for
navigation through them. The Early Writing and Stages of
Invented Spelling stacks are based on information from
Temple, Nathan, and Burris (1982). In Early Writing six
different concepts are examined: recurring principle,
generative principle, sign concept, flexibility principle,
linear principles, and spaces between words. The Stages of
Invented Spelling includes: precommunicative spelling,
semiphonetic spelling, phonetic spelling, transitional
spelling, and correct spelling. The last section on Composi-
tion is the largest and has numerous subsections, This stack
is based on information from Thompkins (1990), and
contains information on: the writing process, informal
writing, formal writing, and assessing writing performance.
Additionally, at the conclusion of each section the user may
choose to participate in a short multiple choice quiz. This
serves as a metacognitive assessment of their comprehen-
sion of the material.
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This is an excerpt from a child's journal. Journal vriting should be
neither corrected, nor graded.

Home Instructions Main Menu Composition Menu Previous Page Next Page

Figure 2. Journal Writing.

Stack Design
Careful attention was given to the card design and

navigational links to prevent user disorientation. If the
student becomes confused, their attention is diverted from
learning the material to finding their way in the stack.
Therefore, numerous features were incorporated into the
stacks to facilitate movement through them.

Card Design
The card designs are used consistently throughout the

stacks. The same background fields and buttons were used
in the stacks to assure that they would be in the same
location on every card. The section name, displayed in the
top left comer of the card, serves as an orientation aid for
the user. Care was taken to make sure that the cards do not
overwhelm the reader with print. Short writing samples are
placed in the center of the card with the corresponding
information directly below, as shown in Figure 2. Longer
samples are on the cards just after the information. Using
consistent formats allows the users to focus on the informa-
tion rather than its location.

Navigational Tools
To facilitate movement through the stacks, the first stack

contains a main menu, a stack overview, and instructions all

_}

of which can be accessed from any card in the stacks. The
main menu and overview show the users the stacks' layouts
and provide them with immediate access to the stacks and
their sections. An in depth look at the stacks is provided by
the overview which lessens cognitive confusion and gives
students a reference point should they get lost in the stack
(Park, 1991).

Navigation through the stacks is facilitated by the
buttons being placed in the same position on each card. The
next page buttons provide a structured logical path through
the material. Additionally, the other buttons give the
students nonlinear access to the material. By using these
buttons the students can structure their learning in a way that
is meaningful to them.

Conclusion
When designing the stacks careful attention was paid to

instructional design principles advocated by Cates (1992).
Creating our own stacks allowed us to make sure that they
fit into the curriculum being taught and were tailored to the
specific needs of the course. As the needs of the students
and the course requirements change, the stack can be altered
to accommodate these needs. As students collect children's
writing samples these can easily be added to the stacks. This
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database was designed to be used as both an instructional
tool and as a resource for the students. Integrating it into the
course and having it available to the students in the com-
puter resource room makes it a valuable reference. Quizzes
interspersed through out the stacks enable the students to
monitor their comprehension as they read. If needed, they
may return to the stacks to review the material. The quizzes
and their collection of writing samples will encourage the
students to become active receivers of information and will
foster their personal construction of knowledge. As they
gather children's writing samples, they will be able to
develop connections between theory and practice. There-
fore, their writing sample collections will help them
integrate the stages of writing development into a complete
picture and become more computer literate.
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The continuous reevaluation of theories and methods of
second language teaching in the past decade resulted in
fundamental changes in English as a second language (ESL)
classroom practice. Current methodology with a focus on
interactive approaches to communicative classroom
instruction, the individuality and varying learning styles of
students, the function and structure of language, content-
based and task-based instruction, and innovative uses of
technology (More ly, 1987; Fotos and Ellis, 1991; and
Nunan, 1989) reflects these changes. As a consequence of a
paradigm shift in writing instruction from a product to a
process orientation, grammar is addressed on an individual
basis within the context of student writing rather than solely
as class lessons on a prescribed sequence of structures.

Paralleling changes in approaches of language teaching,
computer-assisted language learning (CALL) software
moved from a behavioristic to a humanistic theoretical
framework. It was against a backdrop of humanistic
psychology and communicative linguistics that a demand
for interactive and communicative uses of technology for
language teaching developed (Stevens, 1989). The interac-
tive quality of computers has been exploited to meet the
needs of varying learner styles (Chapelle and Jamison,
1986; Rubin, 1984). Databases, word processors, and
telecommunication networks are viewed as having greater
potential impact on language learning than either traditional
or communicative CALL software (Stevens, 1989).

Of particular interest to this study is the computer's
ability to provide both a creative learning environment that
facilitates the writing-as-a-process approach and skill
development programs for grammar instruction (Engberg,
1986; Mehan and Riel, 1986; Piper, 1987). Cohen and Riel
(1986) reported positive results from the use of computer
networks to provide authentic audiences for student writing.
Other studies indicated improvement in motivation and
pride of authorship (Phinney, 1989; Engberg, 1986) and
reduction in anxiety (Berens, 1986; Piper, 1987).

The potential power of the computer in education
derives from its ability to provide a functional learning
environment as well as individualized instruction (Bork,
1987; Mehan, Miller-Souviney, and Riel, 1986). The
National Task Force on Educational Technology (1986)
concluded that the computer was uniquely suited for
education because it could be programmed to adapt to the
needs of each student, supplying corrective advice and self-
paced practice and could be utilized in interactive computer-
based learning environments.

The purpose of this study was to evaluate the effective-
ness of an instructional model used to introduce a computer-
based writing process into two intermediate-level ESL
writing classes of a university program. The classes
consisted of fourteen female and ten male undergraduate
and graduate students from seven different countries. The
writing curriculum was based upon an instructional model
that included two components: a collaborative writing
environment that utilized word processing, on-line data-
bases, and telecommunications and a component that
promoted individualized skill development through

Reading and Language Arts 615



An Instructional Model of a Computer-Based
ESL Writing Class
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'Branching *"elecommunications 'Communicative

'Reinforcement 'Exploratory

grammar programs and word processing.

Method
This study examined the effects of the dual-approach

curriculum which incorporated collaborative group activi-
ties and individualized skill development instruction at each

stage of the writing process from brainstorming to publica-
tion of students' writing. Major elements of the curriculum
included use of telecommunication networks for pen pal
letters, on-line databases for small group *-ojects, word

processors for prompted writing and co:gosing, and
individualized computer-based grammar practice based
upon diagnostic testing and errors indentified in the context

of each student's writing.
Qualitative and quantitative data were gathered to

evaluate the effectiveness of the computer-based curriculum

on writing achievement. The qualitative data were collected
from questionnaires, interviews and direct observations. Pre
and post-term questionnaires were administered to the
students with follow-up interviews conducted by the
researcher. Of special interest to this study were possible
effects of a computer-based curriculum on students'
perceptions of their writing ability and self-confidence.
Questions to assess any changes in these perceptions were
included on both the pre-term and post-term questionnaires.
The post-term questionnaire asked students to evaluate the
helpfulness of the various computer activities in assisting
them in the improvement of their writing skills. Post-term
interviews also focused on student opinion of effective uses
of the computer throughout the course.

Observations of the instructors and students working
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with computers in the classroom and language lab were
made by the researcher and an outside observer. Particular
attention was given to the interaction between the students
and between the students and the instructor as they partici-
pated in computer-based activities.

Quantitative data were collected to evaluate both
components of the model. Researcher-made pre and
posttests were given on each computer-based grammar
exercise a student completed. The decision as to which
program an individual was assigned was determined by
diagnostic testing or analyzing errors that appeared in the
student's writing. A t-test of paired samples was used to
analyze the mean gain scores of pre and posttests on each
computer-based grammar unit.

Pre-term and post-term student compositions were used
for assessing overall improvement in student writing skills.
The results offered evidence as to the effectiveness of
composition-related activities such as on-line database
projects, pen pal letters via telecommunication networks,
and desk top publishing and prompted writing with word
processors in combination with individualized grammar
practice in contributing to improved writing ability. The
holistic scoring guide of the TOEFL Test of Written English
was used to evaluate the pre and post-term compositions
and an analysis of gains of the pre and post-term mean
scores was conducted.

Additionally, the composition gain scores of students in
the study group were compared to those of a class of
fourteen students enrolled in the traditional intermediate-
level writing and grammar course of the same ESL program
prior to the introduction ot the computer-based writing
process into the curriculum.

Findings
The students scored impressive gains on their composi-

tions. The mean score on the pretests was 2.45 on a scale of
1 to 6. This score was between level 2 defined by the TWE
scoring guide (1989:26) as that which "suggests incompe-
tence in writing" and 3 which "demonstrates some develop-
ing competence in writing, but remains flawed on either the
rhetorical or syntactic level, or both." The post-term mean
score of 3.86 neared a score of 4 which "demonstrates
minimal competence in writing on both the rhetorical and
syntactic levels. The mean score gain of 1.41 from pre-term
to post-term indicated significance at the p < .001 level.

In comparison, students using the traditional cuniculum
prior to the inclusion of computers and process writing into
the program had a pre-term mean score of 2.42 and a post-
term mean score of 3.28. While the resulting .85 gain was
significant at the p < .001 level, it was a half-level lower
than the 1.41 gain achieved by students in the study group.
An analysis of the difference in mean gain scores of the two
groups using a t-test of independent samples showed
significance at the p < .01 level.

Students in the study group took tests before and after
performing weekly computer exercises on specific structure
items. The mean gain scores on these weekly structure tests
were compared using a t-test of paired samples. Significznt
gains ranging from p < .05 to p < .001 levels were estab-
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lished for all tests.
Interesting findings emerged from student appraisals of

their writing ability and degree of self-confidence. When
the students were asked to rate their writing ability on a
scale from 5 - "excellent" to I "poor," the ratings were
significantly higher on the post-term questionnaire than
those for the identical item on the pre-term questionnaire. A
difference of 1.90 between the pre-term mean score of 2.00
and the post-term score of 3.90 indicated significance at the
p < .001 level. A similar trend was found when the students
were requested to rate their level of self-confidence in
writing in English. The difference of 1.90 between the pre-
term mean score of 2.38 and the post-term mean score of
4.28 on this item indicated a significant increase in student
self confidence in composing in English.

In judging the effectiveness of the computer activities
included in the curriculum, student opinion was sought on
the post-term questionnaire. Students were asked to rate
each activity on a scale of 5 - "very helpful" to I- "not
helpful" according to its degrce of assistance in the develop-
ment of their writing skills. The students' evaluations were
very favorable toward all of the computer-based activities
used during the term. The mean scores on this five-point
scale were the following: 4.52 for word processing, 4.23 for
grammar exercises, and 4.04 for both telecommunication
networks and on-line databases. The students reiterated
these findings in follow-up interviews conducted by the
researcher. When asked which presentation mode they
preferred for prompted writing exercises, only two students
indicated a preference for using paper, and sixteen favored
utilizing the word processor for this function.

Based upon interviews with the instructors and observa-
tions of the researcher and outside observer, several
advantages of a computer-based writing process were
identified:
1. Word processors allowed students to easily revise and

edit their compositions, thereby avoiding tedious
recopying.

2. Students demonstrated pride in producing a legible,
attractive paper and in developing word processing
skills.

3. Student enthusiasm for writing with word processors
resulted in their spending additional time on revisions
outside of class hours.

4. Instructors could view students' writing on the monitors
without interrupting their composing process.

5. With computer-based skill development taking place in
the lab, more class time and teacher attention could be
devoted to writing tasks.

6. There was an increase in student interaction and oral
communication as students collaborated on word
processing and on-line database projects.

7. Writing pen pals via a telecommunication network
provided students an authentic audience and acted as a
motivating force for revising and editing.

Conclusion
The findings of this research support the conclusion that

the two components of the instructional model, individual-
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ized skill development programs and collaborative learning
environments, provide an effective framework for a
computer-based writing curriculum at the university level.
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Whole Language
Philosophy in a "Stack":

Embodiment in
Hypermedia

Nancy C. McClure
Glenville State College

A whole language philosophy embodies the belief that
children learn through meaningful experiences with the four
language artsreading, writing, speaking, and listening.
Whole language theorists believe the best strategies for
teaching children are those that provide opportunities for
learning through application and integration of the language
arts across the curricula (Goodman, K. S., 1989; Goodman,
Y. M., 1989; Newman & Church, 1990; Pearson, 1989;
Reutzel & Hollingsworth, 1988; Watson, 1989). This
philosophy is rooted in constructivist theory which holds
that learners create meaning for themselves by accessing
and utilizing their own background knowledge, or schemata,
to make sense of incoming information (Abbott, Black, &
Smith, 1985; Anderson, 1984; Bransford & Vye, 1989;
Kamii, 1991; Marsh & Kumar, 1992; Nelson, in press;
Perkins, 1991; Rumelhart, 1985; Scardamalia & Bereiter,
1991; Spiro, Feltovich, Jacobson, & Coulson, 1991). Thus,
when teachers effectively implement strategies based on
whole language materials relevant to children's interests are
used. Children are encouraged to create meaning by
making connections to their own schemata and crossing
discipline boundaries in order to discover new information
(Goodman, K.S., 1989; Goodman, Y. M., 1989; Reutzel &
Hollingsworth, 1988; Routman, 1988).

Thematic instruction is a basic tenet of whole language
teaching. To illustrate, consider a story in a 4th-grade text
about a young boy in the late 1800's who became a famous
bicyclist. This story could easily become the center of a
mematic unit. Bicycling is relevant for most 4th-grade
children, and the context of the story provides natural
avenues for exploration (Routman, 1988). In this whole
language scenario, the teacher would become the facilitator
(Reutzel & Hollingsworth. 1988) in helping students learn
about (a) life in the 1800's and why bicycling was a natural
sport for people of that era (history), (b) other places in the
world where bicycling was and is an exciting sport and/or
an important means of transportation (geography), (c)
benefits of cardio vascular exfn.ise (science and health),
and (d) the importance of safety equipment (health and
safety). In whole language, teachers act as resource persons
and provide opportunities for students to expand their
investigations into broader themessuch as sports, in this
exampleand to collaborate in their investigations, data
collection, thinking, and problem salving. In units of this
type, students naturally utilize reading, writing, speaking,
and listening skills in the course of their studies.

Hypermedia Instruction
As does whole language, hypermedia instruction can

promote natural application of the language arts in creating
meaning across discipline boundaries. Hypermedia
instruction involves the utilization of an integrated informa-
tion environment packaged with video, audio, graphic, and
textual components that are accessed through a computer
(D'Ignazio, 1987; Hammond, 1989; Marsh & Kumar, 1992;
Scheidler, 1993; Thorp, 1993). As does the whole language
philosophy, hypermedia instruction has developed as a
result of the belief that students who become actively
involved in learning construct their own knowledge
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frameworks, make stronger connections to their prior
knowledge and utilize higher level thinking skills, which
results in more effective learning (Bransford & Vye, 1989;
Marsh & Kumar, 1992; Nelson, in press; Perkins, 1991;
Scardamalia & Bereiter, 1991; Scheid ler, 1993; Spiro et aL,
1991; Thorp, 1993). Hypermedia instruction promotes topic
exploration as well as the crossing of discipline boundaries
which promote the natural use of language arts skills. In
this context, hypermedia instruction can be implemented
either either by utilization of prepackaged units or the
development of student-made units.

An example of a prepackaged unit is the Jasper Series.
Developed by the Cognition and Technology Group at
Vanderbilt University (CTGV, in press), the unit poses
various mathematical problems to be solved within the
context of stories. The stories in this package are video-
based adventures that challenge students to utilize effective
communication skills, cooperative learning strategies, and
specific knowledge of science, math, history, and geography
to defme and solve the problems.

Alternately, when students develop their own stacks
they produce presentations that draw from many disciplines
to represent their own understanding of topics. As an
illustration, students enrolled in Kay Scheidler's (1993)
English classes created stacks on topics of their own
choosing that incorporated readings from science, history,
and literature; laser disc segments, graphics, and audio; and
oral history, mythology, and surveys, among other sources.
One study on "Dance" included segments on history,
choreography, current ballet, and the emotional aspects of
dance; a stack on "Immortality" consisted of biological
information, prose and poetry on death, mythology, and
survey data.

Implications
Proponents of whole language philosophy believe that

the best teaching strategies are those that emphasize holistic
approaches to students' active involvement in their own
meaning making. Thus, not only are teaching and learning
defined differently than they were in the past, teachers and
learners themselves assume new roles and responsibilities.
Whole language teachers believe that learning is a natural
process for children. These instructors provide opportuni-
ties rather than lecturing and distributing worksheets. In
these situations, learners no longer depend on the teacher's
ultimate interpretation of text, but connect with their own
experiences, bringing them to the learning situation and
actively applying them to new ideas and endeavors.

Hypermedia instruction embodies all that whole
language advocates. The technology enables the teacher to
provide either a prepackaged investigative environment
within which students can learn or the framework upon
which students can design their own learning. In whichever
direction the hypermedia teacher moves, the components of
whole language are addressed. Learners control and
actively participate in their learning. Thinking necessitates
collaboration. Integration of content across the disciplines
occurs naturally. Application of the language arts is
meaningful and purposeful, and teachers direct and encour-

age.
Thus, the use of hypermedia technology in whole

language classrooms is a natural step in the progression of
holistic, child-centered learning. Because hypermedia
technology facilitates the integration of content and the
consolidation of volumes of information, it will become a
natural foundation for whole language classrooms.
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The Miami-Wisconsin Project links fifth graders in
Rockfield Elementary School, Germantown, Wisconsin,
with university Education students in St. Thomas Univer-
sity, Miami, Florida. Each undergraduate Education major
creates a special lesson for his or her assigned student, and
the lesson is taught, one-to-one, by an exchange of friendly
letters, print information, and videotapes. The underlying
goal of this on-going, eight-year-old Project is the promo-
tion of literacy by exercising language arts skills (reading,
writing, speaking, and listening). The characteristics of the
Project, however, also offer opportunities for instruction and
growth in teacher training, individualized instruction, long-
distance learning, and multi-cultural education.

Literature Review and Components of
the Project

One of the major components of the Miami-Wisconsin
Project is writing, a language arts skill that helps in the
personal development of children for fostering the develop-
ment of literacy (Graves, 1983). For children to become
better writers, they must practice: children are motivated to
write more, improve their writing, and develop a greater
sense of community through writing at every grade level
(Blake, 1992). There is one special type of writing, ex-
changing letters, that is highly motivational: the author can
use imagination to share thoughts and feelings with a friend
(Veidemanis, 1982). A literature search provided three
stimulating educational projects that incorporate letter
writing: sixth graders in one middle school exchanged
friendly letters with pre-service teachers at a university
(Crowhurst, 1992); teachers and students exchanged
correspondence within classrooms to exchange ideas based
on books they read (Graves, 1989); and, a mail system was
proposed by which students in one school can communicate
directly with each other through computers (Bruce,
Michaels, & Watson-Gegeo, 1985). Effective literacy
instruction, however, demands mom than writing. Listening
and speaking are also important to fostering literacy
(Goodman, 1986; Smith, Goodman, & Meredith, 1970). In
fact, there is a strong link between oral language develop-
ment and success at reading and writing (Loban, 1963).
And, in a broader sense, it is believed that social interaction
is important to all aspects of learning (Bruner, 1966). We
can conclude, then, that a variety of communication modes
is effective in achieving the primary goal of the Project: the
promotion of literacy. This multi-sensory approach can be
further enhanced by using new technologies such as, for
example, television, another component of the Miami-
Wisconsin Project.

Television is an expression of today's youths and
students often find this mode of communication motiva-
tional or, at least, comfortable to use. This medium,
therefore, can be a powerful instrumtnt for learning (Oh ler,
1991; Carlisle, 1987). A literature review provided three
documented programs that successfully use televised
images: 1) videotapes distributed to parents in remote
locations in Western Australia were found to be effective in
motivating students to learn and in promoting general
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knowledge (Western Australia Education Deparunent,
1983); 2) the Vallecito Middle School in San Rafael,
California, used video production techniques with positive
changes in learning attitudes and behavior (Dixie Elemen-
tary School District, 1984); and, 3) media projects (includ-
ing slide-tape, video, film, and filmstrip) used in the
language arts curriculum of fifth and sixth graders at the
University of Wyoming Lab School showed an increase in
student interest and motivatic results of this project
also showed that reluctant le rners became more involved in
language activities. Increast, in reading and language arts
achievement test scores were also noted (Kasakow &
McClurg, 1984). Today, the use of video and televised
images in Education is increasing through a concept known
as Long Distance Learning (LDL).

LDL is when students are in one location, and the
teacher (or resources) are in another. At the most rudimen-
tary level, learning takes place from the exchange of printed
information through the mail (Ohler, 1991). Increasingly,
distance learning includes computers, interactive video,
satellites, and other media that link classrooms that are far
apart. It is widely used in various countries, namely Japan,
England, Australia, and the United States. In the United
States, television has been the principal mode of delivery in
LDL, and has been used primarily to serve one student
population: the adult learner (Timpson & Jones, 1989). The
Miami-Wisconsin Project includes LDL as one of its
components, but expands the concept by having an ex-
change of print information and televised images between
elementary school children and university Education
majors.

History of the Miami-Wisconsin Project,
Characteristics of the Two Sites, and
Procedures

The basic idea to link Wisconsin fifth graders with
Miami Education students originated in 1985, during a long-
distance telephone conversation between Joseph Totoraitis,
then a fifth grade teacher at Rockfield Elementary School in
Germantown, Wisconsin, and Antonio Fernandez, Associ-
ate Professor of Education at St. Thomas University in
Miami, Florida. Although Totoraitis left the classroom to
become the Rockfield School principal in 1989, he main-
tains an interest in the Project and has found other elemen-
tary teachers to continue in his place. Anthony Palese, the
fifth grade teacher at Rockfield Elementary School, has
been working on the Project for the past three years. The
Project is regularly critiqued by Palese, Totoraitis, and
Fernandez, through long-distance telephone, letters, and
faxes.

Rockfield Elementary School is approximately twenty-
five miles northwest of Milwaukee, and has the highest
percentage of two-parent families in the Germantown
School District; working parents either commute to
Milwaukee or work in the local Germantown area (several
of the families own working farms). The elementary school
has classes from early childhood to fifth grade; there are 230
students and all are bussed to school. Over 90% of the

13:,0

student enrollment is considered middle class white. The
ethnic composition of this group includes descendants of
German, Irish, Polish, and Scandinavian immigrants. Other
groups represented in the school include six hispanics, four
American blacks, two American Indians, and one asiatic.
There are no ethnic minority teachers in the school, nor will
there be any at the middle school where the Rockfield
students go after fifth grade.

Palese's thirty-three fifth graders reflect the general
school population. His self-contained classroom has
excellent teaching resources: two Macintosh computers, two
Apple LI gs computers, one printer, a scanner, an overhead
projector, a camcorder, a television monitor, a VCR, and a
still camera. Palese teaches the standard fifth grade subjects
(social studies, science, health, math, reading, and language
arts). He readily utilizes the various teaching resources in
his room. The fifth grade students are with their teacher
from late August until early June of the following year.

In August, after the first week of school, Palese consoli-
dates his class roster and writes comments next to the names
(e.g., "gifted," "learning impaired," "regular student," "likes
sports," "just moved here from Chicago," etc.). The list is
sent to Fernandez, the university instructor in Miami, and
the fifth graders are informed by Palese that they will soon
be receiving letters and a special assignment from university
students who are studying to be teachers at St. Thomas
University in Miami, Florida.

St. Thomas University is a private liberal arts institution
with an enrolhnent of 3,000. The student population reflects
the population of South Florida: a combination of different
cultures, races, nationalities, and native languages. The
undergraduate Education program, with 130 students,
reflects the university student population. Studying to be
teachers are native Nicaraguans, Colombians, Cubans,
Haitians, and Mexicans; there are students from the
Bahamas and other English-speaking islands; there are
anglo-Americans and black-Americans. The students come
from a variety of socio-economic levels. In a typical
Education methods classroom one hears Haitian creole;
Spanish spoken with the accents of several nationality
groups; standard English; non-standard English; New
England English; New York City English, etc.

One of the Education methods courses required of
Education majors is EDU 306 Teaching Reading in the
Elementary School. At the beginning of the fall term, on the
first day of class, students in EDU 306 are informed that one
of the course requirements is to assume the role of a teacher
and create a reading lesson for a fifth grader in Wisconsin.
The lesson is to be designed based on the needs and interests
of the student. These needs and interests will be determined
by the student's regular teacher in Wisconsin and by you,
the Miami teacher, after you learn something about the
student through an exchange of friendly letters and video-
tapes. The Miami teachers are then given copies of the
Wisconsin class list that was sent to Fernandez by Palese.

The names that appear on the Wisconsin class list are
different from the names on class lists in South Florida
schools; this curious fact is used to introduce the Miami-

Reading and Language Arts 623



Wisconsin Project to the Miami teachers. A general
discussion takes place on the spelling and likely pronuncia-
tion of student names, possible ethnic group affiliations, etc.
After this class discussion, the names on the Wisconsin
roster are randomly selected and a new, master list is
printed, one that shows each Miami teacher with his or her
Wisconsin student. The teachers then write a friendly letter
of introduction to their students. A camcorder is brought
into the Classroom and each teacher gives a friendly greeting
to the student; the teachers are videotaped in the order that
their student's name appears on the master class list. The
teachers then preview the videotape and critique their
television performances. Afterward, the friendly letters, the
master class list (now showing the names of the paired
teachers and students), and the videotape are packaged and
mailed to Palese's class in Germantown. The package
arrives approximately one week later, and Palese distributes
the letters and copies of the master class list to the students.
After the letters are read, the videotape is previewed by the
students using the master list to anticipate the order of
appearance of their teacher. The students then respond by
writing friendly letters, using the techniques of "friendly
letter writing" that Palese has been explaining in class as
part of the Lnaguage Arts curriculum. Each student, in
addition, speaks directly to his or her teacher on videotape.
This videotape is then previewed and critiqued by the
students. The friendly letters and the videotape are then
packaged and shipped to Miami.

[ While the friendly letters and videotape are being
produced by the students in Wisconsin, the Miami
teachers discuss the theoretical aspects of the Project,
such as: the value of integrating different communica-
tions skills to promote literacy; student motivation; the
uses of technology in teaching; lesson plan design, etc.
These concepts are explored at the beginning of the
EDU 306 Reading course so that the Education majors
may have a theoretical foundation to their work in the
Project. Eventually, other elements of reading instruction
will be discussed during the semester, such as word
recognition skills, standardized testing, etc.]
When the Wisconsin package arrives in Miami,

Fernandez distributes the letters to each teacher and the
videotape is previewed by the class. A general discussion
then takes place on lessons that could be designed for given
students. Several factors are considered in this discussion:
the information offered by the students in their friendly
letters (e.g., hobbies, interests, school likes and dislikes,
family. etc.); requests from the students on specific assign-
ments that they would enjoy; information or special
characteristics given by Palese on special students; general
information on the Rockfield School curriculum (e.g.,
classroom resources, library resources, subjects taught by
Palese, class time allotted to each student to work on the
lesson, etc.). Also considered is the writing and speaking
ability of the students, as demonstrated by their friendly
letters and televised statemcnts. Throughout these discus-
sions, the underlying goal of the Project is emphasized: to
design a lesson that motivates the student to use all language

arts communications skills.
The teachers then work individually on their lesson

design for approximately two weeks; ideas are exchanged
freely in class as the work progresses. The lesson must
include clear instructions to students on what they must do
and suggestions on how to obtain information; the class
time that will be given them to work on the assignment by
Mr.Palese is emphasized. A friendly cover letter accompa-
nies the lesson. When completed, the friendly letter and the
lesson are placed in an envelope addressed to the student,
and the teacher meets privately with Fernandez to discuss
the lesson design; final changes are made at this time if
required. All of the lessons are then prepared for shipment
in one, two, and sometimes three cardboard boxes. The
teachers then make a new videotape, giving them an
opportunity to clarify issues on their particular lesson, or to
merely say hello to their students and wish them good luck.
After this tape is critiqued by the class, the boxes and
videotape are shipped to Wisconsin, where the students will
begin work on their lessons approximately one week after
shipment.

The fifth grade teacher in Wisconsin is not officially
included in the lessons; each student is instructed to work
independently. Palese, however, monitors classwork and
helps students individually when appropriate. The assign-
ments are completed in approximately two weeks; they are
collected by Palese, and the students are videotaped again.
Some students use this TV time to enhance their completed
written lessons (e.g., science demonstrations, skits, live
interviews, etc.); other students merely say hello to their
teacher. The videotape is then previewed and critiqued by
the students. All of the completed assignments (and the
videotape) are then boxed and shipped to the teachers back
in Miami.

By now it is the end of November and the teachers have
until mid-December to complete their evaluations. During
these two or three weeks, the university instructor will hold
individual conferences with teachers and will use given
lessons for general class discussion. Teachers determine
their own evaluation techniques ("Should I give a letter or a
number grade?" "How much should I count off for spelling
and grammar?" "My student did not do my assignment!
Instead, he designed his own research project...which is very
impressive. Still, he did not do the work assigned. What
grade should he get?"). In addition to this "formal" evalua-
tion, all teachers write one final, friendly letter that includes
a written opinion of the student's work. After the assign-
ments are evaluated and are ready for shipment, the
university instructor has one final, individual conference
with each teacher for closure on the Project: the lesson
design, the Wisconsin student's effort, and the teacher's
evaluation of the student's work are all considered. The
teacher then receives a letter grade from the university
instructor on the assignment. The teachers appear one last
time on videotape and offer closing remarks to the students
on their efforts, then say good-bye. The graded assignments
and videotape are then shipped to Wisconsin so that they
will arrive in Germantown before the December holidays.
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The Miami teachers usually send each child a small gift
with the graded projects; this gift is not to exceed five
dollars in value. The semester ends at St. Thomas Univer-
sity, and the EDU 306 class disbands. But after the New
Year, in mid-January when the second semester begins, a
new group of teachers enrolled in a new section of EDU 306
is informed of the long-distance project that they will work
on and complete before the end of the term in May. (The
Wisconsin students are informed of this new group of
Miami teachers just before their classes end in December).

Critique of the Miami-Wisconsin Project
The Project is highly motivational for both the fifth

graders in Wisconsin and the Education majors Miami. The
university students have an opportunity to design a real
lesson for a real elementary student (some Education majors
have stated that the Project gave them their first exposure to
teaching in the real world). University students enjoy the
relationship established by writing friendly letters; they
experience, in addition, another educational environment, in
a different part of the country, with students that they would
not normally teach. The educational value to the university
students includes: 1) learning to create a lesson plan and
implementing the plan; 2) evaluating the work completul by
the student; 3) being evaluated by the university instructor
on the over-all design (and success) of the lesson; 4)
understanding the value of technology in education; 5)
understanding the inter-relationship of all modes of commu-
nication for promoting literacy; and, 6) participating in the
evaluations of their video presentations (including self-
evaluation, peer-evaluation, and instructor evaluation).

The Wisconsin students enjoy establishing a long-
distance relationship, through writing and videotape, with a
new friend; and they are pleased when the new friend, a
Miami teacher, gives them an opportuinity to choose the
topic of their assignment. The educational value to the
elementary students includes: using videotape to see and
hear themselves; seeing and hearing on television individu-
als who may be culturally different, from a distant geo-
graphical area, but who wish to establish a friendly relation-
ship; exercising research skills; participating in peer group
activities with their classmates; and, participating in
individualized instruction with their Miami teacher (self-
esteem is fostered by this one-to-one relationship). The
Project is valuable to Palese, who often combines the
assignments with other subjects within his fifth-grade
curriculum. And parents have often praised the Project and
their child's involvement with it during parent-teacher
conferences.

Limitations of the Project
1) The Wisconsin elementary students meet every day of the

week for seven hours each day, whereas the Miami
teachers meet only twice per week for a total of four
hours; this results in a time delay in Miami. The
students, already restless by nature, often complain: "It
takes so long for the assignments to get here!" "Did the
assignments get here yet, Mr. Palese?"

2) The Project is only one assignment in the EDU 306

Teaching Reading methods course, and must share class
time with other course goals and objectives, such as
Word Recognition Skills, Standardized Testing,
Theories of Reading Instruction, etc. The Education
majors and the university instructor, therefore, would
enjoy added time on the Project.

3) The videotapes are interesting and effective, but much
more can be done. In the present videotape procedure,
both teachers and students speak to each other in one
video sequence; each group previews a sequence taped
by the other group. Each video sequence (approximately
20 minutes) is composed of short (15-30 seconds)
segments, one linked to the next, with little opportunity
for any one individual student or teacher to calmly and
privately observe the speaker on the screen. With
adequate time and resources, each student/teacher pair
would use an individual VHS cassette tape.

4) There is a wide range of skills and abilities among the
Education majors, and this is reflected in the variety and
quality of the lessons. Some Wisconsin students,
therefore, might receive an excellent assignment,
whereas other students may not. Curiously, the Miami
teachers, in an intellectual or figurative sense, seem to be
mirror images of the Wisconsin students.

Future Trends
'The Project will soon include new equipment that will

allow the students and teachers to communicate in real-time:
1) audibly, by using the telephone; and, 2) in print, using
computer terminals with modems and faxes. In addition, the
Project might join one of the global computer networks,
such GTE Wolrd Classroom, and follow the Roanoke,
Virginia middle school model in which the school was
linked via computer with teachers and students in Texas,
California, Argentina, and Mexico (Kurshan az Dawson,
1992). And with adequate funds, the Project could incorpo-
rate an up-link satellite system and establish live video
communication between Rockfield students and St. Thomas
teachers. The estimated cost of this communications link is
over $150,000.00, and it is highly unlikely that the live link
will be made.

Closing Comment
This report has explained the various components and

procedures of the Miami-Wisconsin Project, a rich educa-
tional experience for students, teachers, administrators, and
parents. Written language, however, may not give a clear
picture of what happens because "...each art medium is a
unique language capable of making statements that it would
be impossible to articulate as effectively through any other
medium." (Snider, 1960). One has to be present, for
example, at the opening of the friendly letters to fully
appreciate the magic that occurs.
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Simi Star Project: A
Qualitative Study of

Computers Integrated in
Early Literacy Classrooms

Jean M. Casey
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In 1990, six school districts, Simi Valley, Ventura, Santa
Barbara, Orcutt, Oxnard, Port Hueneme joined together in a
partnership with IBM. The Simi Star Project was a
successful grant proposal written by Mary Beth Wolford
representing the Simi Valley Unified School District. The
project was the first of its kind in evaluation of computer
technology in the schools.

Goals of the Project
The fust goal of this large scale project was to demon-

strate the use of Writing to Read (WTR) in support of a
literature-based, whole language, writing process environ-
ment. Both kindergarten and first grade classrooms would
be included. The project involved all students in the
classrooms-including ESL, Bilingual, Special Education and
Gifted and Talented. Writing to Read is a language arts
computer-based program designed to foster literacy
development (writing and reading) of young children. The
computer is used to both individualize insmiction so that
children can work at their own pace and also create a new
classroom milieu including computers for cooperative
group, writing collaboration among students. According to
Cynthia Greenleaf (1992), "Computers do not function as
independent variables in classrooms, but rather as part of a
complex network of social and pedagogical interactions."

The second goal was to enhance teacher productivity
and competence. A comprehensive teacher training model
and telecommunications network was developed. Teachers
attended multiple workshops and then received onsite
support and telecommunications coaching during imple-
mentation.

The third goal addressed a serious physical plant
problem facing many school districtslack of space. By
placing the technology equipment directly into the class-
rooms, the need for separate space for computer labs was
eliminated. Networking the classroom computers provides
freedom from disk swapping and access that allows young
children to independently log on and use computers
throughout the school day.

Research Purpose -The Simi Star
Evaluation Project

The primary emphasis of the project was to compare
Writing to Read (WTR) in the classroom with WTR in both
labs and settings without computers in the classroom. The
research was designed to address these questions:

Does integrating technology into the classroom become
a natural extension of the teaching methodology and a
familiar, non-threatening tool available throughout the
school day to students?
Is the equity of technology use for all students an
important issue for the schools?
How can a qualitative evaluation approach give us better
data on the effect of computers integrated in the class-
room on students writing and reading progress?

The issue addressed in this study was not whether
computers can be used effectivelybut how? This study
attempted to show how teachers can best take advantage of
the power and flexibility of computers to enhance student
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learning in their classrooms. The principal investigator was
Dr. Jean M. Casey, Associate Professor of Reading/
Language Arts, California State University, Long Beach.
Others involved in the study were Ellen Lee, Asst. Supt. of
Curriculum Simi Valley School District, Sherrie Kolz, IBM
Education Instructional Specialist, six principals and 36
teachers and coordinators in the school districts.

In order to determine the effectiveness of the WTR
program in developing literacy skills of kindergarten and
first grade students, a two-group experimental design was
employed. To insure a valid comparison of the effects of
the WTR program with current instructional practices, both
the experimental and control groups were selected from the
same school districts.

Instruments for evaluation included observations in the
classroom, pre and post reading attitude surveys, year long
portfolios of writing samples, teacher questionnaires, parent
questionnaires, administrator interview and questionnaire,
student interviews, teacher and administrator journals.
Results from interviews, questionnaires and journal reports
were presented in percentages. 1000 writing samples were
scored using a holistic rubric scale. In addition to the
above, qualitative data was compiled in anecdotal record
form.

Results of the Study
Conclusion 1: The most successful results occurred in

school sites where the desire for the integration of technol-
ogy in the classroom originated with the classroom teachers
and where the site administrator shared the interest and
desire to participate in this program. The elements of
teacher and administrator expectation, enthusiasm and
interest and support for a program are vital elements in the
success of any school innovation.

Conclusion 2: All students in the experimental
Writing to Read in the Classroom program averaged at least
two writing levels higher then those in the control class-
rooms, the experimental group had a significantly higher
positive reading attitude than the control group. Over 1,000
writing portfolios were collected from K-1-2 students
representing 29 classrooms in 6 school districts. Included in
the population were several Spanish language classrooms,
ESL classrooms and classrooms with Learning Handi-
capped students. Also included were those identified ESL,
LD, ADD, and gifted. These students achieved the same
benefits from the program as did other students. Equity of
technology use was provided for all.

Reactions of Program Participants
Parents in the WTR experimental classrooms enthusias-

tically endorsed the program. In the control groups over
50% of parents had no idea what program of reading or
writing was being used in the classroom. Parents in the
WTR samples reported significantly higher evidence of
writing and reading behaviors their child demonstrated at
home than parents in the control group. Twice as many
students in the WTR program wrote stories at home and
three times as many WTR students wrote notes at home, so
both observable reading and writing behavior were signifi-
cantly enhanced.

Experimental classrooms with ADD children reported
that these children participated in a high level writing due
the the ease of use of computer as opposed to the struggle of
using a pencil, and had a positive attention span during their
time on the computer. Computer use seems to be a highly
successful intervention for these students as with dyslexic
and other learning disorders. Further research needs to be
conducted specifically on the effect of computers for
empowering these learners.

The Spanish experimental classrooms had many striking
examples students empowered by computer use. One
fourth grade non-English speaker from Mexico learned
English well enough in six months to become the computer
monitor in his fourth grade class. The principal reported
that this boy turned from a high risk student to a leader in
the fourth grade due to his involvement with the program.

Teachers reported they felt that this program improved
the students writing and reading significantly and reported
they had now made computers an integral part of their
classroom. One teacher summed up all of their feelings
perfectly when she said, "How terrible it would be to be
forced to go back to teaching without computers!"

"What did principals think of this program?" Principals
reported 75%-100% integration of computers in all K-1
classrooms. They felt the most positive results were for
their students and their teachers in providing a risk-free
environment for learning within classrooms.

In summary, boys and girls in the Writing to Read in the
classroom experimental groups were writing at higher levels
than the boys and girls in the WTR lab or control groups.
However the WTR lab students wrote at higher levels than
the traditional classroom control group.

"Even though this is my first child in school, 1 know she
is ahead in reading and writing ability due to this outstand-
ing program! In kindergarten she came home and read to
me, I had no idea she could read, and it's just progressed
from therethe sky's the limit and she's able to express in
writing whatever she feels! We feel very privileged to have
had the opportunity to be in the WTR program!" Kinder-
garten Parent Nightengale School.

Financial Support
Computer labs donated by The Riordan Foundation
Los Angeles, California
Evaluation report funded by IBM Partnership Grant
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Last year the explosive growth of the Internet was
perhaps the most significant trend in telecommunications.
The number of servers on the world's largest telecomputing
network exceeded a million, and at last report the Internet
was growing at a rate of approximately a thousand servers
per day. Since the number of users supported by each server
may range from dozens to thousands, the total number of
individuals who now have access to the Internet can only be
estimated.

Two trends are notable this year: the rapid development
of graphical interfaces for Internet access, and the parallel
growth of client-server Internet tools. The rapid spreae, of
Internet gophers exemplifies this trend. Internet gophers
were developed at the University of Minnesota, home of the
"golden gophers." This client-server tool "goes for"
information on an Internet server and retrieves it, so the
name is a pun - an instance of Internet humor.

The Society for Technology and Teacher Education
(STATE) Internet server was announced at the 1993
STATE conference in San Diego. The archiving mecha-
nism for the STATE server was developed in 1992 before
Internet gophers were ubiquitous. By Spring 1993 it was
increasingly clear that Gophers would become the de facto
standard for Internet archives. During the Summer 1993 the
code for the STATE Teacher Education Server was revised
to incorporate gopher technologies. Directions for accessing
the National Teacher Education Internet Server established
under the auspices of STATE are provided in the initial
article in this section: "The Teacher Education Internet
Server - A New Information Technology Resource."

Although Internet gophers are evolving rapidly, other
graphical client-server tools are also maturing. The Mosaic
interface is one of the more promising of these tools. Mosaic
provides hypermedia links across the Internet. For example,
clicking on the name Al Gore in a Mosaic document could
cause an image of the vice president to appear on a com-
puter sc.Teen linked to the Internet. A second click on a
microphone icon beside the vice president's picture might
produce a spoken welcome. The Mosaic client software on
the user's computer transnits a request to an Internet server
thousands of miles away to transfer the image and the
digitized sound. Terabytes of information on Internet
servers around the world can be accessed by K-12 comput-
ers in this manner. Completion of Mosaic client software for
MS-Windows and Macintosh computers in 1993 has made
this tool considerably more accessible.

Because of the bandwidth required by digitized images
and sounds, Mosaic is most usable through a direct Internet
connection. Most universities have such connections, but
only a handful of schools have direct links to the Internet. In
fact, the majority of K-12 schools are still struggling to
identify ways to obtain phones lines which will provide dial-
up connections to Internet hosts. A national debate regard-
ing establishment of a National Information Infrastructure
(NII) during the past year raises questions of equity, and
how best to extend the national information highway to all
schools. The Consortium for School Networking (COSN)
has been in the forefront of efforts to ensure that K-12
schools will be included in the emerging national network.
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Information about COSN can be obtained through the
COSN Internet gopher: "cosn.gopher.org". (The STATE
Teacher Education Server also provides links to the COSN
gopher.)

Teacher education programs have an obligation to
provide preservice teachers with information about future
technologies as well as ones which are currently found in K-
12 schools. The career of the average teacher graduating
from today's teacher education programs will extend well
into the next century when technologies now found
primarily within universities will be commonplace in K-12
schools as well. Three papers address approaches, strategies,
and benefits associated with use of educational telecomput-
ing. Judi Harris' paper, "A Model for Integration of
Telecomputing in Precollege Curricula" outlines strategies
for meaningful incorporation of telecomputing tools into the
curriculum. Harris' thesis is that the most successful
teachers "re-invent" and adapt innovations to match their
individual teaching styles and curricula. The corollary is that
teacher education programs should not only demonstrate
telecomputing tools, but should also illustrate the accompa-
nying process of re-invention and innovation in successful
K-12 classrooms. Nikki Davis' paper, "Identifying and
Evaluating the Benefits of Educational Telecomputing,"
addresses an important related question - the value of
educational telecomputing. Jan Stuhlmann's study focuses
on a third aspect, factors affecting classroom use, in
"Factors Affecting Incorporation of Telecommunications
into Teaching Practices: Circumstances and Experiences
Leading to Change."

A second trio of papers addresses specific uses of
telecomputing in teacher education programs. Linda
Hoover's paper, "Use of Telecomputing to Support Group-
Oriented Inquiry during Student Teaching," describes the
use of telecomputing to encourage reflective thinking during
the student teaching process. Yan, Anderson, and Nelson
mirror this theme in "Facilitating Reflective Thinking in
Student Teachers through Electronic Mail." Harrington and
Quinn-Leering describe explicit efforts to employ computer
conferencing to encourage moral discourse. This use of
telecomputing is described in " Computer Conferencing and
Moral Discourse in Preservice Teacher Education."

Two final papers in this section describe ways in which
telecomputing have been incorporated into teacher educa-
tion programs. Espinoza and McKinzie describe use of the
Internet and the Tekas Education Network (TENET) at East
Texas University and West Texas A&M University, in
"Incorporating Use of the Internet in Teacher Education
Courses." Stahlhut describes ways in which a computer
conferencing system, CAUCUS, has been used to link
inservice teachers with teacher education faculty in "Link-
ing Practitioners and Teacher Education Faculty through a
Computer Conferencing System."

Almost every university in the nation is now linked to
the Internet, and access for faculty and students is either
available at no charge or for a nominal fee at most institu-
tions. As faculty gain expertise with the Internet it should
become an integral element of teacher education programs.
When this year's class of entering teacher education

students graduates four years hence, they should be
prepared to use the networking resources which are
becoming increasingly available in the public schools.

Glen Buli is an Associate Professor in the Instructional
Technology Program of the Curry School of Education at
the University of Virginia.
Internet address: gbull@virginia.edu

Frank Becker is a Graduate Instructor and doctoral student
in the Instructional Technology Program of the Curry
School of Education at the University of Virginia.
Internet address: fbecker@Virginia.edu
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In 1992, the Society for Technology and Teacher
Education (STATE), the University of Virginia, and the
University of Houston collaborated to establish a Teacher
Education Server on the Internet. The Internet offers an
expanding variety of electronic services for support of
academic collaboration. These electronic services on the
Internet allow users to find information such as lesson plans,
interactive dialogs with content experts, and collaborative
network projects.

The Teacher Education Internet Server was established
to explore the ways in which the tremendous amount of
information on the Internet could benefit teacher education
programs. During the last year, work has progressed to
provide a single network site where educators can go to
access materials related to teacher education. The Teacher
Education Internet Server is physically located at the
University of Virginia on an EBM RS-6000 UNIX worksta-
tion donated by IBM. The Teacher Education Internet
Server provides access to two of the most widely used
network services, archived documents and interactive
discussion goups.

Internet Gophers
A "gopher" is a menu driven tool for accessing informa-

tion resources across the Internet. This tool was developed
at the University of Minnesota (home of the "Golden
Gophers") to provide a mechanism where network users
could "go for" information or -tunnel through" the Internet.
Documents stored on Internet gophers may contain text
documents, graphics files, sound resources, and software
applications. The Teacher Education Server's Gopher menu
allows users to access a variety of resources relating to the
field of teacher education, the Society for Technology and
Teacher Education, and other educational resources on the
Internet.

Interactive Discussion Groups
In contrast to Gophers, which are generally "read-only"

tools, discussion groups provide one of the most widely-
used avenues for interactive discussion on the Internet.
Currently there are more than 2,000 discussion groups (or
"newsgroups" as they are customarily called) on he
Internet. A general newsgroup has been established as a
forum for educators who want to participate in an interactive
discussion about the use of technology related to teacher
education. As participants begin to discuss topics in detail,
additional newsgroups will be established on more specific
topics such as math and science, hyperrnedia, research, or
any topic of interest, related to teacher education. Input
from postings to the general newsgroup will help shape the
future direction of the resources available on the Teacher
Education Internet Server.

The Interactive Resources section of the Teacher
Education Internet Server also provides other interactive
services, such as the ability to submit articles to Interface
(the IBM Teacher Preparation Grant newsletter), interact
with authors of Interface articles, and obtain a subscription
to the newsletter.

The Teacher Education Internet Server provides access
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Figurel . The Teacher Educalion Internet Server Gopher Menu as Seen with a Graphical Gopher
Software Application.

to both gopher capabilities and interactive resources. Tim
Sigmon, Director of Advanced Technology and Academic
Projects at the University of Virginia, developed the
software which underlies the server, using tools and
concepts previously employed in the development of
Virginia's statewide K-12 Internet network as well as
gopher software. The Teacher Education Internet Server
provides teacher education faculty and students access to
information in the field of information technology and
teacher education. The server was designed to facilitate the
discussion of ways educational technologies may be
integrated into the instructional process.

The Teacher Education Internet Server is a prototype
system. Therefore, the menus will be changing to reflect the
development of new and more useful resources. However,
the general concepts outlined below will hold true, even
though enhanced features may alter the menus. Resources
currently available on the Teacher Education Internet Server
include:

Teach-It Modules downloadable self-instructional
modules on various subjects in inst ucticlal
technology. The modules were developed 'ir use in
teacl-er education courses.
Telecommunications and Networking Information
resources such as an overview of the Internet, frequently
asked questions about telecomputing, bibliographic
information, and articles on instructional uses of
telecomputing.
Electronic versions of the Society for Technology
and Teacher Education Annual, Ed-Tech Review
(the member magazine of the Association for the
Advancement of Computing in Education (AACE), and
Abstracts from the Journal of Technology and Teacher
Education (JTATE).
An online version of the Interface newsletter which

will allow users to submit articles, interact with
authors, and obtain a subscription.
Software Archives - shareware and freeware
software programs relevant to instruction, available
in Macintosh and DOS formats.
Links to other resources on the Internet - including
FTP sites, other Gopher servers, and online library
catalogs.

In addit: users can:
Participate in online discussion groups
Apply for STATE membership
Use an electronic suggestion box to submit questions
and comments about the Teacher Education Server.

The goal of the Teacher Education Internet Server is to
lead the way in exploration of electronic resources elated to
technology in the field of teacher education. Users are
invited to log onto the system and explore the resources
currently available. Other resources which are currently
under development include materials related to specific
content areas such as mathematics education, science
education, language arts, social studies, elementary educa-
tion, and special education.

Connecting to the Teacher Education
Internet Server

The best way to access the Teacher Education Internet
Server is through a gopher with a graphical interface, such
as PC Gopher (for IBM) or TurboGopher (for Macintosh).
These software programs establish a client-server relation-
ship in which part of the gopher program (the client) resides
on your machine while the other part of the gopher program
(the server) resides on a system such as the Teacher
Education Internet Server. Most university computing
centers should be able to assist with installation and
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Figure 2. The "Save" Menu as Seen with a Graphical Gopher Software Application.

configuration of this software. To connect to the Teacher
Education Internet Server, you only need to know the full
Internet name of the Teacher Education Internet Server,
which is:

teach.virginia.edu

Using Graphical Gopher Software to Connect to
the Teacher Education Internet Server

Once you have connected to the Teacher Education
Internet Server via PC Gopher or TurboGopher, you will
see a list of folders which contain teacher education files
and resources. The files in each folder are displayed when
the user clicks on the folder. The graphical gopher menu is
shown in Figure 1. The advantage of using graphical
gopher software to connect to the Teacher Education
Internet Server is that ease-of-use will be available. For
example, rather than following a multistep downloading
procedure to save a file, you will simply select "Save" on
the menu just as you would in your word processing
program. Figure 2 illustrates the "Save" menu for a Teacher
Education Internet Server text file accessed through an
Internet gopher with a graphical user interface.

Gophers have swept the Internet during the last year, but
if your campus computing center does not have experience

with gophers, they can obtain free gopher client software
from the University of Minnesota for installation at your
school. For more information, you may contact the
University of Minnesota's Computer and Information
Services via e-mail at: gopher@boombox.micro.urnn.edu

Connecting to the Teacher Education Internet
Server via Telnet

It is possible to access the Teacher Education Internet
Server, even if you do not yet have access to gopher
software, by using the standard Internet telnet capability.
This protocol, commonly found at most colleges and
universities, allows computer users to connect to another
computer system on the Internet. If you have not used telnet
before, you may need to contact your school's academic
computing center for assistance. To access the Teacher
Education Internet Server through telnet at most universi-
ties, you will enter the following command through your
campus network:

telnet teach.virginia.edu

Some computing centers have menus to facilitate telnet
access by inexperienced users, so you may wish to contact
your computing center for details on using telnet at your
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AIX telnet (curry.edschool.Virginia.EDU)

Welcome to the Teacher Education Server
University of Virginia

1. Type "gopher" to access the Teacher Education Server.

2. Type "interact" to access the "Interactive Resources"
submenu of the Teacher Education Server.

Note: Members of the Curry School should log in
using their assigned university login ID.

curry.edschool.Virginia.EDU login:

__.
Figure 3. The Welcome Screen for the Teacher Education Internet Server as Seen When Accessed

via Telnet or a Text-Oriented Gopher Application.

university. When you are prompted for a login, type
"gopher" and press <return>. You should then see:

Enter terminal type (default is vt100):

In most cases, Telnet software will support vt100
terminal emulation. Simply press <return> to accept
"vt100" as the default terminal emulation. (In the rare
instance of telecommunications software which does not
support vt100 emulation, enter "?" for a list of other
supported terminal emulation types.) If you are using a text-
oriented gopher or accessing the Teacher Education Internet
Server through Telnet, you will see the welcome screen, as
shown in Figure 3.

Once you are connected to the Teacher Education
Internet Server either via Telnet or a text-oriereed gopher,

use your arrow keys to move the selection arrow ">" to
the menu item you wish to explore and press <return>. The
text-oriented gopher menu is shown in Figure 4.

The Interactive Resources Menu
The Interactive Resources which are available on the

Teacher Education Internet Server allow users to leave the
gopher menu and view a different menu screen of discus-
sion groups and other interactive resources, To access the..e
interactive resources, choose the last item on the gopher
menu, "Interactive Resources." Type "interact" and press
<return> at the first login prompt. You will now be asked
for your User ID. Before you can participate in the discus-
sion groups or use the interactive resources of the Teacher
Education Internet Server, you must create a User ID. If
you have previously established an account on the Teacher

Internet Gopher Information Client v1.11.H

Teacher Education Internet Server

--> 1. About the Teacher Education Internet Server/
2. STATE Information/
3. Teach-It Modules/
4. Disciplines/
5. Electronic Publications/
6. Software Archives/
7. Telecommunications and Networking/
8. Interactive Resources <TEL>

9. Other Internet Resources/

Press ? for Help, q to Quit, u to go up a menu Page: 1/1

.1
Figure 4. The Teacher Education Internet Server Gopher Menu as Seen When Accessed via Telnet or

a Text-Oriented Gopher Application.
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Teacher Education Internet Server

1) Teacher Education Discussion Groups/
2) Interface On-Line/
3) Request STATE Information

4) Suggestion Box

-> 5) Create Your Own Account on the Server

(h) help

Your choice:

(x) exit/logout
Page 1/1

Figure 5. The Interactive Resources Menu of the Teacher Education Internet Server.

Education Internet Server, simply enter your User ID and
password at the prompts. Your name and the electronic
mail address Nhich you gave when you establisheu the User
ID will now be added to your contributions to the Interac-
tive Resources.

If you are a first-time user, type <return> at the User ID
prompt and select the last menu item, "Create Your Own
Account on the Server," as shown in Figure 5.

You will be given an online form to fill out. The form,
shown in Figure 6, will require you to enter some informa-
tion about yourself and what you would like your User ID
and password to be.

Future Plans for the Teacher Education
Internet Server

Since the Teacher Educatkm Internet Server is a
developing system, many additional resources are planned
but have not yet been implemented. New content area
resources are currently being developed for mathematics
education and language arts and will be added to the
"Disciplines" section. Also planned is an area on research
which will include articles and dissertation materials related
to technology and teacher education. New newsgroups are
also being developed which will address specific issues of
interest to teacher educators, preservice teachers, and the K-
12 community.

Account Creation Form - Teacher Education Internet Server (TEIS)

Instructions: Fill in this form to create your own personal account.
NOTE: all items MUST be filled in.

TEIS User ID:
Initial password:

Full Name:
Institution:
Address:

Telephone:
E-mail:

Press: RETURN to move to the next field
Ctrl-E to submit this form

ctrl-A for assistance/help
Ctrl-C to abort this form

Figure 6. The Teacher Education Internet Server Account Creation Form.
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If You Need Help with the Teacher
Education Internet Server

The Teacher Education Internet Server has many help
files to guide you as you navigate through the system. At
the beginning of many options, you will see help files
entitled "About ...." For example, the "About STATE
Teach-IT Modules" file describes what Teach-It modules
are and how they may be used.

If you questions about using the Teacher Education
Internet Server, you may contact the curator of the Server in
two ways. The first is to use the electronic suggestion box
located under the menu item, "Interactive Resources." The
suggestion box allows you to ask questions or seek further
information about the system. Or you may send an e-mail
message directly to the curator of the Teacher Education
Internet Server. The current curator is:

Bernard Robin
University of Houston
phone: (713) 743-4952
e-mail: brobin@uh.edu

The Teacher Education Internet Server is envisioned as
a tool which will be useful for anyone interested in teacher
education. The success of this tool will depend upon faculty
members, students, and other educators who log onto the
system and not only utilize the available resources, but also
share their thoughts and ideas with their colleagues.

Bernard Robin is an Assistant Professor of Instructional
Technology in the Department of Curriculum and Instruc-
tion, University of Houston.
Internet address: brobin@ ukedu

Glen Bull is an Associate Professor in the Instructional
Technology Program of the Curry School of Education at
the University of Virginia.
Internet address: gbull@virginia.edu

Valerie Larsen is a graduate studeru in the Instructional
Technology Program of the Curry School of Education at
the University of Virginia.
Internet address: vlSq@cuny.edschooLvirginia.edu

Jason Mitchell is a graduate student in the Instructional
Technology Program of the Curry School of Education at
the University of Virginia.
Internet address: jmitchell@virginia.edu
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Successful technology-using teachers function more as
instructional designers than lesson planners. This is
especially true when they seek to incorporate the use of
forward-thinking, computer-mediated innovations, such as
telecomputing tools, into existing curricula. New tools
require new techniques, incorporated into new models of
teaching and learning processes, if the tools' most powerful
attributes (Clark, 1983) are to be exploited. When attempt-
ing to encourage meaningful curricular infusion of telecom-
munications into precollege curricula, teacher educators
therefore must pay careful attention to key ideas both in the
diffusion of innovations and in the education of instructional
designers.

The Diffusion of Interactive
Communications Innovations

Everett Rogers (1986) has qualified his well-known
work on the diffusion of innovations to address the special
nature of the diffusion process that occurs when communi-
cations innovations are adopted. Meta-analytic synthesis of
communications studies results revealed three ways in
which the adoption of interactive communications innova-
tions differs from similar processes with other innovation
types.

1. A critical mass of adopters must be using the innovation
to persuade potential adopters to do the same; "the
usefulness of a new communication system increases for
all adopters with each additional adopter" (p.120).

2. The degree of use of a communications innovation,
rather than the decision to adopt it, is the dependent
variable that will indicate the success of the diffusion
effort.

3. New communication technologies are too/s, which can
be applied in many different ways and for different
purposes. Therefore, adoption of these innovations is an
active process that involves much re-invention, or "the
degree to which an innovation is changed or modified by
a user in the process of its adoption and implementation"
(Rogers, 1983, pp. 16-17).

It is the importance of re-invention that must not be
overlooked by the teacher educator seeking to ensure the
meaningful integration of telecomputing tools into
precollege curricula. Innovations that are more flexible,
with many possible applications (like telecommunications
innovations), and those that are shared via a decentralized
diffusion network (like telecomputing tools), are more likely
to be re-invented than those that are less flexible or are
diffused according to a centralized plan (Rogers, 1986).
Also, re-invention appears to be very important psychologi-
callc* adopters of such innovations (Rogers, 1983);
adopters must take the innovation and "make it their own" if
use of the innovation is to continue. When helping teachers
to learn to use telecomputing tools, teacher educators must
anticipate, stimulate, and encourage teachers' re-inventions
of curricularly-based telecomputing applications. Sadly,
this is not what usually occurs.
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The Telecomputing Teacher as
Instructional Designer

Most teachers, working alone in a classroom, are both
the designers and the deliverers of instruction (Briggs,
1977). This implies that teachers are expected to design
learning activities for their students on an ongoing basis,
selecting, adapting, and using instructional materials and
activities according to the learning needs and styles of each
unique group of students. The extent to which this design
process is effective determines, in part, students' eventual
learning success.

When new teaching/learning tools are presented to
teachers for possible adoption, what happens? Once the
initial technical and procedural aspects of use are presented
(preferably through hands-on experience), curricular
integration is addressed. This sequence is appropriate,
because powerful educational applications of new techno-
logical tools with unique media attributes (Clark, 1983)
cannot be conceived until potential adopters are aware of the
full range of those attributes (Rogers, 1983).

But what happens then? In many cases, the now-
technically-facile teacher is presented with a plethora of
application ideas, often in the form of lesson plans or project
reports, usually separated by content area and/or grade level.
(See, for example, Roberts, Blakeslee, Brown & Lenk's
(1990) rich, but difficult-to-use collection of educational
telecomputing applications, pp. 81-138.) Educators are then
asked to choose from many different activities that were
created to fit the needs and preferences of groups of students
different from their own, and adapt these activities for use in
their own classrooms. With no guidance in the design of
powerful innovation applications, it is no wonder that so
few initial curricular integration attempts exploit the unique
characteristics of educational innovations, and so many
applications seem similar to those that were implemented
with more traditional media (e.g., the early proliferation of
one-to-one penpal letters sent via electronic mail (Riel &
Levin, 1990)).

To ensure the adoption and maximally powerful,
continued use of educational innovations, teachers (and
students) must have opportunities to re-invent educational
applications as instructional designers. But since the
unique attributes of the new tools imply that specialized
applications must emerge if powerful use is to be made of
the innovations, instructional design cannot be modeled
solely upon the structures of educational activities that
employ more traditional media. New models for activity
design must be provided for all but the most creative and
innovative educators, if new tools are to be used in new
ways.

Instructional Design: A Models
Approach

The work of Joyce and Weil (1972; 1986) and their
advocates (e.g., Gunther, Estes & Schwab, 1990) suggests
that teachers' planning for instruction is greatly facilitated
by their taking a models approach to instructional de -ign.
With this approach, teachers choose from a variety of

procedures (e.g., direct instruction, synectics, inquiry, class
discussion, or cooperative learning) the model that, given
the learning needs and preferences of a particular group of
students, will best help the students to accomplish specified
educational goals. An important assumption of this
approach is that there is no one "best" model for any
student, teacher, or group. Rather, a variety of models; a
"cafeteria of alternatives" (Joyce & Weil, 1972, p. xiv),
carefully selected and consciously applied, will help to
create optimal learning environments for students.

Much of what has been published about using models
for instructional design addresses selection in terms of type
of teacher-student and student-student interaction, and asks
the teacher to design specific learning activities that are
appropriate in the selected classroom environment. While
this level of guidance may be sufficient for teachers who are
using instructional media familiar to them, it probably is
insufficient for the teacher who seeks to infuse powerful use
of new educational innovations with unique media at-
tributes. Models for the design of forward-thinking, cross-
curricular, multi-level activities must also be prov!Aal if
educational innovations, such as telecompuung tools, are to
be used meaningfully in precollege curricula. Strain (1986)
characterizes this distinction in level at which model
application occurs as the difference between a general
"curriculum plan" and a specific "instructional procedure"
(p. 287).

The use of models in the instructional design of educa-
tional activities, rather than the replication/adaptation of
existing lesson plans and activity ideas, allows for the large
amount of re-invention necessary to make long-term
innovation adoption probable in precollege classrooms. The
more an educational innovation is unlike a previously-
employed tooi, the more important it probably is to provide
models of specific instructional procedures, or activity
snuctures, to potential innovation adopters. The remainder
of this paper will suggest a collection of 16 such activity
structures, organized into three genres of student activity,
that can be used to assist teachers, functioning as instruc-
tional designers, in the re-invention (and therefore success-
ful adoption) of educational telecomputing tools.

Telecomputing Activity Structures
In an informal content analysis of hundreds of educa-

tional telecomputing activities that were shared by teacher-
designers via the Internet, three genres of student action,
each including 5 or 6 activity types, emerged. The genres of
student action were labeled according to the dominant types
of learning acts that each class of activity structure encom-
passed: interpersonal exchanges, information collections,
and problem-solving projects.

Interpersonal Exchanges
The most popular type of educational telecomputing

activity is oac in which individuals "talk" electronically to
other individuals, individuals "talk" to groups, or groups
"talk" to other groups. Many of these project types employ
electronic mail as the common context for exchange.
Others use newsgroups and Internet-connected bulletin
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BONJOUR.

Nous sommes des eleves de quatrieme technologique et avons entre treize

et seize ans. Romain Rolland est un college mixte, situe a CLICHY SOUS

BOIS, dans la banlieue de PARIS. Les eleves d'une classe technologique

doivent travailler sur des projets en faisant beaucoup de technologie et
d'informatique. Nous voulons communiquer avec vous, pour mieux vous

connaitre.

De quelle classe etes vous ?
Ou se situe votre college ?
Faites vous de la technologie ?
Travaillez vous le samedi matin, le mexcredi ?
Quels sont vos loisirs preferes ?

Nous voulons aussi communiquer avec vous pour que vous puisiez nous aider

dans nos recherches sur le theme du jeu.

Figure 1. Introductory Electronic Mail Message from French Students.

boards for exchange.

Keypals
This is probably the most commonly-used telecomput-

ing activity structure, similar in form to surface mail penpal
activities. While student-to-student keypal exchanges
involve more managerial work than many teachers have
time to devote, group-to-group exchanges, especially those
with a particular study emphasis, can evolve into fascinating
cultural explorations without overwhelming activity
facilitators with the transfer and processing of electronic
mail.

Keypal activities are perfect conduits for language
study. Figure 1, for example, shows the introductory
message from a group of students who live near Paris, and
wished to learn about classes from other parts of the world
in which other students study computer use.

Global Classrooms
In this variation upon the "group-to-group keypals"

activity structure, two or more classrooms (located any-
where in the world) can study a common topic together,
sharing what they are learning about that topic during a
previously-specified time period. For example, two
American Literature classes in two different schools studied
The Glass Menagerie together in 1991, discussing the play

by electronic mail.
In a larger-scale effort to involve many classes in HIV/

AIDS awareness, Rhea Smith from the Je...kins Middle
School in Palatka, Florida, organized a month-long series of

activities designed so that her students "help[ed] teachers,
parents, and children to understand the dangers of the HIV/
AIDS virus and formulate a plan to remain HIV/AIDS
negative." Suggestions for discussion and action for each

week of activities was included in the plan.

Electronic Appearances
Electronic mail, newsgroups and electronic bulletin

boards can also "host" a special guest, with whom students
can correspond either asynchronously or in "real-time," with
the guest and the students typing back and forth to each
other synchronously, using a chat feature that is available
with many electronic mail systems.

One such "electronic event" was held in Academy One
on the National Public Telecomputing Network's Cleveland
Freenet this past fall. Nobel Laureate Paul Berg had a
"virtual visit" with high school students from many different
states; provinces and countries. Dr. Berg electronically
supplied a paper that he had written on gene splicing and a
.gif encoded picture of himself that students could use to
help them to prepare questions for the electronic meeting.

Electronic Mentoring
Inter...et-connected subject matter specialists from

universities, business, government, or other schools can
serve as electronic mentors to students wanting to explore
specific topics of study in an interactive format. Under-
graduate students at the Oranim Teacher's College in Israel,
for example, served as mentors on the subject of prejudice
when communicating with high school students for two
academic semesters from England, Australia, the United
States, Ireland, and Israel. A "matching service" called the
Electronic Emissary, sponsored by the Texas Center for
Educational Technology and the University of Texas at
Austin, helps volunteer subject matter experts from all over
the world find teachers and their classes, structure a
mentoring project, and share what they learn together by
communicating with elecuonic mail.

Impersonations
Impersonation projects are those in which participants
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communicate with each other "in character." In several of
the electronic pavilions on Virginia's PEN, for example,
students correspond with professors or graduate students
posing as well-known historical figures, such as Thomas
Jefferson, Woodrow Wilson, or William Shakespeare. In
Characters Online, an Internet-based project sponsored by
the Nebraska State Department of Education and the
University of Nebraska at Omaha, undergraduate preservice
teachers used electronic mail to impersonate the main
characters from books that students in elementary classes in
eastern Nebraska were reading with their teachers.

Students can also write messages or public postings in
character for other students to read. In the California
Missions project, coordinated by Nancy Sutherland from the
FrEdMail Network, 21 fourth grade classes in California
(one for each of the 21 California missions) wrote and
shared fictitious journal entries that described the lives and
aspirations of people who participated in the missions in the
early and middle 19th century.

Information Collections
Some of the most successful educational telecomputing

activities involve students collecting, compiling, and
comparing different types of interesting information.

Information Exchanges
There are many examples of thematically-related

information exchange that have been employed as popular
telecomputing activities. Students and their teachers from
all around the globe have collected:

folk games,
jokes,
proverbs,
folktales,
local agricultural information,
biome data,
water usage information,
recycling practices,
personal health information,
and culture-specific holiday descriptions, to name just a
few.

This type of activity can involve many classes without
becoming an overwhelming management task for teachers,
and is a particularly powerful application of telecomputing
tools because children become both the creators and
consumers of the intrinsically interesting information that
they are exchanging.

Electronic Publishing
Another type of information collection and exchange

can occur with electronic publishing of a common docu-
ment, such as a newspaper, poem, or literary magazine. In
The Global Schoolhouse Project's yearly Newsday project,
participating teachers and students publish different
newspapers locally, but take many of the stories for those
local publications from a "newswire" shared electronically
among all participating s:res. The stories posted to this
newswire are, of course, researched and written by students
from all of the participating classes. In this way, students

from participating schools in different cities, states, and
countries experience an operationally realistic simulation of
how many local newspapers are created and published.

Database Creation
Some information exchange projects involve not only

collecting, but also organizing information into databases
that project participants and other students can use for study.
One such project is a statewide collaborative exploration of
Texas history (1830-1900) in which the documents that
result from students' site-based research were added to an
Internet-accessible Gopher, and then used in further
research and synthesis by more students.

Tele-Fieldtrips
Organizers for the Global Schoolhouse Project encour-

age Internet-connected teachers and students to share
observations and experiences made during local fieldtrips to
museums, historical sites, parks, zoos, etc. with teachers and
students from other cities, states, and countries. Nancy
Sutherland maintains a monthly schedule of field trip
information posted by schools throughout the Internet, and
sends this schedule to interested teachers, so that if an
upcoming field trip will yield information pertinent to a
particular class' curriculum, questions can be sent to the
children scheduled to take the trip to answer while on the
outing. Electronic fieldtrips can also be taken and shared
without leaving the classroom, as student:, exchange
information about the places in which they live.

Expeditions taken by experts are also shared on the
Internet. The International Arctic Project, a "multinational
expedition across the Arctic Ocean by dog sled and canoe,"
is described and updated by teachers involved with the
World School for Adventure Learning through the
Kidsphere LISTSERV group. During an expedition
undertaken by two explorers from the United Kingdom,
participating classes received weekly, detailed descriptions
of the progress of the team, what they experienced, and the
challenges that they faced. When the successful explorers
visited the U.N. for a heroes' welcoming party, there was a
wall of electronic mail waiting for them from children all
over the world who had, in a sense, been vicariously
experiencing the expedition.

Pooled Data Analysis
Information exchanges are particularly powerful when

data are collected at multiple sites, then combined for
numeric and/or pattern analysis. The simplest of these types
of activities involve students electronically issuing a survey,
collecting the responses, analyzing the results, and reporting
their findings to all participants. Pooled data projects have
also included:

water acidity projects, in which rainwater or stream
water is collected at different sites, tested for acidity,
then examined for patterns over time and distance,
the Global Grocery List project, coordinated by David
Warlick from the North Carolina Department of Public
Instruction, in which students compare prices of 15
standard items (such as rice, sugar, eggs, and unleaded
gasoline), then attempt to deduce reasons for price
differences,
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What's the tallest structure you can build out of 3/4" wide popsicle sticks
that can:

1) support a Grade A Large egg and
2) withstand the Big Bad Wolf Test (the biggest lungs in the room blow on
it as long and hard as possible; if the structure stands, it passes)?

We at the Playing to Win Saturday Science Project challenge you to come up
with interesting, strong structures to perform this engineering feat!

*Use only Elmer's Glue for adhesive.
*Egg must be hard-boiled, with the shell intact (with yolk inside).

Figure 2. An Example of Online Parallel-Problem Solving.

the Column Count project, coordinated by Joyce
Rudowski, a teacher at the Cincinnati Country Day
School, in which students from different cities measure
the number of inches devoted to newspaper stories on
different topics, then compare space allocations among
sites,
and the Tele-Olympics, coordinated by Linda Delzeit
from the Cleveland Freenet, in which students at many
different schools conducted Olympics-style athletic
events, then submitted the statistics generated to
determine the winners for each "virtual event."

Clearly, this type of project holds much promise for
involving students in large-scale research efforts that use
mathematics to answer complex and interesting questions.

Problem-Solving Projects
Problem-solving can take on exciting new dimensions in

educational telecomputing environments. Activities can be
either competitive or collaborative.

Information Searches
In this type of online activity, students are provided with

clues, and must use reference sources (either electronic or
paper-based) to solve problems. For example, Tom Clauset
of Winston-Salem, North Carolina, developed the
Geo Game, in which each of 20 participating groups of
students provides the same eight pieces of information about
their school's location (i.e., latitude, time zone, population,
direction from capital city, etc.). The coordinators of the
game then scramble the city names, and all groups use
reference materials such as maps, atlases, and books to
match the cities with the information sets. The winning
class is the class with the most correct matches.

Electronic Process Writing
Students in Trevor Owen's English classes in Montreal,

Quebec (Canada) regularly posted the poems that they had
written to newsgroups sponsored by Simon Fraser Univer-
sity, so that other students in Canada could offer feedback in
an electronic version of process writing sessions. Mr. Owen

was also able to enlist the assistance of professional writers,
such as the poet Lionel Kearns, to offer constructive
criticism, and to receive some of the same, in response to
pieces in progress.

Parallel Problem-Solving
With this kind of activity, a similar problem is presented

to students in several locations, which they solve at each
site, then share their methods electronically. For example,
Carmela Federico of New York, NY, presented an architec-
tural challenge online as shown in Figure 2.

Sequential Creations
Expressive problem-solving can be experienced with

many students working on the same piece, rather than the
same collection. Students on the FrEdMail network, for
example, collaboratively created a "Global Peace Poem"
(conceived and coordinated by Yvonne Andres and Mary
Jacks) that circled the globe several times. Each class of
students in each location added a stanza after having read
the verses that other classes had previously appended to the
(electronically epic) poem.

Simulations
Online simulations are perhaps the telecomputing

projects that require the most coordination and maintenance,
but the depth of learning possible and task engagement
displayed by participants can convince project organizers to
spend the additional time and efiort necessary to make them
work. A notable example of a successful online simulation
is the Centennial Launches, sponsored by the Cleveland
Freenet's Academy One project, which was described in an
electronic newsletter as shown in Figure 3.

Social Action Projects
The Internet can serve as a context for "humanitarian,

multicultural, action-oriented telecommunications projects"
which involve the future leaders of our planet: our children.
The PLANET Project ("People Linking Across Networks")
involves representatives from a consortium of large Internet-
accessible educational networks. These participants work
together to create collaborative, meaningful social action
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CENTENNIAL LAUNCHES: Simulated Space Shuttle Program -
At the core of these launches is a permanent full-scale mock-up of a space

shuttle (called the "Centennial") complete with "Mission Control" which is

located at University School in Shaker Heights, Ohio (Cleveland area).
Schools around the world take various roles in each simulated space

shuttle mission. These .could include being another shuttle (doing a
docking maneuver), secondary mission control, alternate landing sites
(weather stations), solar disturbance observatories, and so forth.

Coordination and communications between the shuttle's mission control and
other schools will be conducted through distributed conferences on the
individual NPTN systems. Electronic mail is sent back and forth, hourly
reports are posted, even real-time electronic "chats" can occur between

mission control, astronauts, and supporting units.

Figure 3. Centennial Launches, an Online Simulation Sponsored by the Cleveland Freenet's
Acodemy One.

projects in which children have primary responsibility for
learning about and helping to tackle global issues of critical
importance, such as hunger, violence, environmental
pollution, and disease.

During the first months of operation, PLANET partici-
pants wrote petitions to the United Nations to protest
conditions in Yugoslavia, brainstormed ideas about how to
address the starvation and political unrest in Somalia, and
planned for and carried out fundraising efforts to raise
money to help to purchase "rope pumps for villages in
Nicaragua that do not have access to clean water." The
potential for multidisciplinary, forward-thinking, truly
collaborative learning in becoming involved in projects such
as these is awesome. As David Nafissian, PLANET
Across-Network Facilitator, has written, "a single voice
crying out is difficult to hear. But our collective voice can
make an impazt!"

Struciures for Powerful Experience
The ideas behind these sample curricularly-infused

telecomputing activities are simple, yet powerful. Their
power rests in the interconnectedness that participants
experience while they are communicating across what were
once geographic and temporal boundaries to collectively
realize meaningful, shared goals. This, along with the
energy, enthusiasm, commitment, and patience of the
teachers and students who help to bring these plans to life, is
probably the key to their inspiring success. For successes
like these to proliferate in precollege settings, effective
models for curricularly-based telecomputing activity design
and implementation must be provided.
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I.

Identifying and Evaluating
the Benefits of Educational

Telecomputing

Niki Davis
Exeter University

Many papers have been written about the use of
electronic communication in education. Most have assumed
that use of this aspect of new technology is valuable, but
few attempt to uncover the aspects that make it valuable
within education. This paper aims to refine a view of the
potential benefits of electronic communication and thus
become valuable for focusing evaluations. Only through
carefully evaluating and improving applications of new
technology can we develop this field which has so many
interesting pilots but few mature applications.

This paper will take electronic communication to be the
use of computers to communicate outside the classroom,
either to work with others or to obtain information. Al-
though this excludes a range of services based on normal
telephones or satellites these do not involve the use of
computers. This paper will restrict itself to computer-
mediated communications. Electronic communication can
best be described as a range of services available to indi-
viduals and institutions.

The Potential of Electronic
Communication

The potential of electronic communication is related to
its potential audience: it is world wide. Where students are
given access, they can ignore the walls of the classroom and
make direct contact with others across the world for
collaborative work and in so doing appreciate the differ-
ences in culture and yet the.similarity of people. Communi-
cation is a central activity within education and thus
electronic communication can be applied to almost any area.
Fundamental aspects are: written communication, presenta-
tion of information for different audiences and/or research.
The activity is essentially pupil-centered and mixed ability.
Group work is hard to avoid, unless bibliographic research
is the only activity. Communication with those outside the
classroom is tremendously motivating for both pupils and
teacher and this to a large extent justifies the extra time and
effort spent on the process (Coyl,. and Harrison, 1993).

Electronic communication also has an important benefit
for those with communication difficulties. While such
people have many reasons for their difficulty electzonic
communication can provide them with an important
channel. Their context is frequently so different from that of
a normal pupil that people with whom they communicate
will have made many assumptions before the first message
is received. Prejudice arises between cultures. Electronic
communication removes this bias while being particularly
suited to their strengths. For example, one of the first
electronic mail projects in Northern Ireland had the impor-
tant side effect of increasing the integration of the pupils
from a special school with their local schools.

Students can also become apprentices in a number of
fields: collecting data and interpreting it with other pupils
and scientists (Ruopp et al, 1993); working with an author to
write novels; collecting articles and producing a newspaper
(see later case study); in humanities using real information
sources provided by pupils in another location and returning
the favor for those pupils (see later case study). The
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interconnection of learners provides them with an audience
for whom they will write, possibly in a target language
which is that of their audience, but not their own. While
these activities are pc ssible using traditional post or visits
the timeliness of the communication permits learning to take
place within the attention span of the pupils and the school
timetable. Information provided by pupils in another
location is not mediated by the publishing process and such
'raw' data is frequently more relevant to the pupils than that
in a text book. Where time permits additional questions can
be posed to explore the data and correct misunderstandings.

The style of communicating through electronic mail or
computer conferencing where messages are read, an answer
composed and returned without the recipient waiting around
permits the process to become more reflective. The students
can review their next communication for half an hour if they
wish, and yet the communication remains timely in a way
that is rare with letters. Similarly shy participants may be
facilitated because they do not have to confront their
audienm in person.

For point-to-point communication such as DeskTop
Conferencing the last point does not apply. Instead the
communication process becomes intense with participants
focusing on both the immediate changes visible on the
computer screen and the personal contact of the voice
(Davis, 1993b).

Electronic communication has potential benefits for
teachers and teacher education (Meadows, 1992). It permits
collaboration across distant schools and with those in higher
education. Discussion groups on the Internet hold a large
volume of discussion about curriculum, educational practice
and theories. Such discussion can provide a wider range of
viewpoints and suggestions for developments or solutions to
common problems. However as they are not edited they
require sifting.

It is also important for the reader to note that electronic
communication does not easily fit in with traditional
classroom practice:

"By its very nature classroom use of communication
technology is contrary to the notion that learning occurs
in isolation and is teacher-centered. For effective
employment of this technology, teachers must be
comfortable with the technology itself, value its poten-
tial, be process oriented, work cooperatively, and allow
students to do the same." (Szymanski, Sunal, Sunal and
Sheffler, 1993)

Like most applications used within computer based
learning, electr,:mic communications will support the
teachers who wishes to move into a support role and permit
their pupils to develop autonomy and information skills
rather than absorb knowledge under the teachers' direct
mediation. Unlike other applications it is almost impossible

to use it without such an approach. Multi-site implementa-
tions make evaluation exceedingly complex especially as
each evaluation should relate to the needs at each site and

these inevitable change over time.

Research on the Effectiveness of
Electronic Communication

Research into computer based learning is fraught with
difficulties. The research monograph published by Society
for Technology and Teacher Education describes the stages
that the research has gone through and provide several
chapters on approaches that can be taken. While such
strategies are appropriate to electronic communication, it is
also a more complex area to research and evaluate.

There has been relatively little hard research into the
benefits of electronic communication. Betty Collis reviewed
the evaluation strategies described in more than 120 projects
involving telecommunications for distributed learning at the
secondary level and concluded that 'evaluation is apparently
difficult to do'. Of those projects which did attempt
evaluation most was impressionistic or attitudinal. Collis
(1993) discusses these difficulties and suggests a strategy
related to success indicators, (long and short term; planned
and unplanned) and the relation between these and the
assumptions and observed characteristics of the context.

The Practice
The speed and potential immediacy of information

regardless of distance are an important motivator and
provide participants with an au 4ience which improves
relevance of the work, access to resources and self esteem.
Issues relating to equal opportunities and multicultural
experiences have been addressed through sharing work
outside the institution, especially across borders. There are
numerous projects which testify to the motivation and
sustained use of electronic communications across coun-
tries. Such projects are also high profile. Dr. Roger Austin
of the University of Ulster has been particularly successful
in sustaining communications and has integrated them
carefully into humanities courses which lead to recognized
exams in more than two countries, as in the European
Studies Project (Austin, 1992).

In an international conference which discussed the rights
of children to electronic communication many teachers
shared their aim to u e electronic communication is
education for mutual understanding in a world torn by
conflict. While such light is not as important as that of
health care, it could be an important infrastructure to assist
new generations to overcome prejudice (Davis, 1993a).

Time differences can be overcome due to the way in
which messages can be stored until 'called' for and yet
communications is fast enough to support group discus-
sions. This is important across both time zones and time-
tables. Yet the delays inherent in asynchronous communica-
tion also remove some of the immediacy and flow of
communication. In contrast, the ease and availability of
information for multiple distribution and re-working is
clearly important to some projects too. For example, the
Campus 2000 Newspayer days remain popular over many
years with support from Times Newspapers providing
access to professional sources of up to the minute 'raw
toms' and a competitive environment whh prizes to match.

To summarize, those who benefit from communications
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appear to be:
distributed people or organizations;
those keen to gain experience outside their location and
who are prepared to use a flexible learning strategy;
distance learners who want to communicate;
people with a communications disadvantage;
libraries keen to disseminate work;
people willing to provide mutual self help and facilitate
social change;
people with little or no assessment requirement.

The Issues
Most positive points have been known for some time.

The recent developments in our understanding relate to the
factors which inhibit communications. It has become clear
that they are not easy to sustain in education. The published
cases referred to have had considerable input of enthusiasm,
planning and resources and still many have failed. The
reasons are rattly technical but more often human (Mead-
ows, 1992; Davis, 1989).

The most important factor is the need to communicate.
For some the need is transient, e.g., a Newspaper day.
However, if communications is to become an ongoing
activity rather than an occasional 'binge', then each
participant needs to make it part of their working day. Olaer
forms of communication have established routines: the
phone rings, the post arrives. Electronic communications
frequently requires the user to develop new habits and it
lacks simple conceptual models, thus making it harder for
participants to develop a natural structure to their use. New
practices in relation to teaching and learning also need to be
established, so purposes must be very clear and relate to all
participants' agendas.

Access is a second major issue. Access must be easy
preferably in 'home' area with proper training and support.
The software interface should mirror as closely as possible
that in common use by the participants. Telephone lines also
need to be accessible to both teachers and learners for
maximum use. Learners who can only communicate when
their teachers are present loose much of the power of this
medium. Many of the projects note that the depth of
knowledge, self esteem and autonomy developed by
students who control the communication themselves, with
teacher support and supervision. While this is not unique, it
is a more extreme case than with other Information Tech-
nology applications.

Most projects involve group work and group work
across remote sites causes difficulties of its own. A 'match
maker' and consultant has proved po verful even where
communications are part of a course. n addition groups
benefit when someone takes on the role of organizer
directing the communication, so that interaction develops. A
help desk is also useful initially, but less important when
other participants can offer advice. For these reasons
centralized systems have advantages, but access to facilita-
tors is more important than centralization of the technology.
Regulation of the size of a working group will provide
sufficient communication an avoid it overwhelming
participants.

Impoverished intnation, such as that communicated
by text alone, is not easy to use and it disadvantages thc se
with poor or unconfident written skills. However, the use of
written communication does assist those who have difficulty
communicating orally and this includes those with counu-
nication difficulties as in the Chatback project. In the United
Kingdom Project GEMENI has stimulated the use of more
than one telecommunications channel to good effect, for
example both satellite and fax, as has the Exeter University
Computer Conferencing Project. One form of electronic
communications can complement the other.

What Will the Future Bring?
Many of the factors noted above for the relatively simple

communications available today will be just as relevant to
multimedia networks. Most of all electronic communica-
tions need to be evaluated in some detail to identify the
range of teaching and learning sLrategies that it can support,
plus the issues that needs to be addressed to improve the
success of implementation for both short term and long term
use. Such research will overlap with the use of technology
in education, but it is more complex because it involves the
differing needs of a number of institutions and actors.
Service 'facilitators' and group organizers will be important
and hopefully such people will also be able to provide
professional development for staff wishing to adopt
communications.

Currently there are no educational rates for telecommu-
nications. More equity for participants is urgently required,
possibly providing links into adult education and training.
Institutions of initial teacher education could be important to
support development across all levels of education. In the
UK, at least, there is an urgent need to provide more support
to student teachers out in schools, due to an increase in
school based training. Perhaps this urgent need will provide
the stimulus and education for a flexible teaching force
which will be aware of the role that electronic communica-
tions could play in education.
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A

Factors Affecting
Incorporation of

Telecommunications into
Teaching Practices:
Circumstances and

Experiences Leading to
Change

Janice Miller Stuhlmann
Bridgewater State College

The general consensus of the public and the media is
that our schools have changed little in the last one hundred
years.

Schools are out of step with the times. Inside and out,
schools today look very much the way they did a
hundred years ago: the buildings, the size and shapes of
classrooms, the divisions based on age, and the ways of
"delivering" instruction have changed very little. Yet
the world has changed remarkably. Families, jobs,
social organizations, and entertainment look nothing like
they did at the turn of the century. From inside a school,
however, one would hardly know that visual images,
rapid motion, technology, and change are pervasive in
the world outside. (David, 1991, p. 37)

The lock-step approach, where everyone learns the same
thing at the same time, is no longer adequate. Sheingold
(1991) stated, "Schools must find ways of diagnosing
students' strengths and weaknesses and must devise
programs that build on students' strengths, allowing them to
pursue existing interests, cultivate new ones, and get help
when they need it" (p. 19). Active learning strategies must
be incorporated into the planning and delivery of instruc-
tion, and instruction should center around an integrated
curriculum. Additionally, students should be given
opportunities to take responsibility for their own learning
and to see results based on their strategies for learning
(Wang & Palincsar, 1989). If change is to occur, teachers
must have the flexibility to make decisions about the change
based on circumstances, and the time to think about the
innovation and how to use it (David, 1991).

Technology, when integrated into the curriculum, has
the potential to break the "lock-step" mold (Collins, 1991).
Technology engages students in learning things relevant to
them and facilitates small group instruction. Researchers
(Sheingold and Hadley, 1990; Irving, 1991; Becker, 1993 )
found that when technology is used in classrooms, teachers
can become coaches or facilitators who guide and monitor
student learning. Student assessment changes from
individual performance on tests to assessment based on
products, progress, and effort. Students research topics of
interest and consult with other students, teachers, and
experts from around the world. The social structure of the
classroom changes from competitive to cooperative and
repeated failure is eliminated.

The development of learner-based software has contrib-
uted to the relevant use of computers in classrooms.
Through the use of learner-based software, students focus
on process rather than product creating a three-way interac-
tion between the teacher, computer, and student as illus-
trated in Figure 1 (Bull and Cochran, 1991). Through
telecommunications, students and teachers extend this three-
way interaction and increase their realm of experiences as
they tap the expertise of peers and experts around the world
(David, 1991; Sheingold, 1991; Levinson, 1990).

However, Bccker (1992) found that teachers needed
assistance on how to integrate technology into teaching
practices and Kerr (1989) suggested that teaching models be
developed to demonstrate what is possible under real
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Figure 1. Three-Way Interaction (Bull and
Cochran, 1991, p. 52).

conditions. Realizing that teachers needed training and
support, the University of Virginia initiated a collaboration
between the Virginia Department of Education and public
school divisions in Virginia to develop ideas for integrating
telecommunications into instructional practices. This
initiative, the Electronic Academical Village Project,
spanned two years, and during that time patterns of use
emerged. It was discovered that some teachers who had
training, support, and access to equipment in their class-
rooms employed telecommunications while others did not.
The primary focus of this study was to discover circum-
stances and experiences that led teachers to incorporate
telecommunications into their teaching practices while
others in similar circumstances did not.

Research Design
All of the participants in the initiative were elementary

classroom teachers who had been recommended by their
school division as being positive toward technology and
innovative in their teaching practices. Participants had a
Macintosh computer, a modem, and a dedicated phone line
in their classrooms, and received monetary compensation
for attending training workshops. Six teachers were asked
to participate in the study, and selection was based on the
levels of participation in project activities. Three had
relatively high levels of participation, as demonstrated by
frequent contributions to electronic conferences and the
initiation of additional networking activities, and three were
selected based on their lack of participation. Individual case
studies were developed and consisted of guided interviews
with the teacher, hisTher principal, and a facilitator who had
been assigned to the teacher for technical and curricular
support

Interviews with teachers centered around gathering data
on how the teachers were using Virginia's Public Education
Network (Virginia's PEN) in classrooms and what contribu-
tions (if any) the teacher had made to the conferences of
Electronic Academical Village. The teachers also described
the impact telecommunications was having on their
students. Principals were interviewed to uncover extenuat-
ing circumstances that might be affecting teachers' use of
telecommunications, and interviews with facilitators

focused on the types of support and training teachers had
requested, how facilitators had responded to the requests,
and how they had promoted use of the network. Data were
collected from February 1-April 1, 1993.

The content analysis format developed by Newlove and
Hall (1976) was used to determine the Stages of Concern of
the teachers and a framework developed by Hall, Loucks,
Rutherford, and Newlove (1975) was used to determine the
teachers' Levels of Use. The data collected from the
interviews with the principals and the facilitators were
analyzed using content analysis to identify common patterns
and themes (Patton, 1990). Through cross-case-analysis,
the circumstances and experiences of high users were
compared to determine commonalties and differences, and
the same was done for the cases of the low users: The two
sets of data were then compared, and the patterns which
apparently led teachers to incorporate or exclude telecom-
munications were identified and reported.

Credibility was established through triangulation of
sources, peer debriefmg, member checks, and thick descrip-
tion (Lincoln and Guba, 1985; Patton, 1990; Yin, 1989). A
peer debriefer read the transcripts and each cross-case
analysis to independently identify emerging themes and
patterns and to determine if the data were reported accu-
rately and fairly. In addition, participants were given the
opportunity to check their transcripts for accuracy. The
method of data collection was chosen to provide enough
information to create a thick description and increase
transferability.

Findings
Based on the information collected, the following

circumstances and experiences contributed to the incorpora-
tion of telecommunications into teaching practices:
1. Valuing the use of an interactive learning network
2. "Figuring out" how to integrate telecommunications into

the curriculum
3. Support from other computer-using teachers
4. Access to equipment at home
5. A stable work environment

Teachers who were incorporating telecommunications
into their teaching practices valued the network for use with
students and were comfortable using telecommunications
software. They were described by their principals and
peers as excellent teachers who were learners themselves.
They were open to new ideas and willing to try new things
to increase student learning. They invested time to incorpo-
rate telecommunications into instructional plans because
they felt it was important to engage students in these
activities. Teachers who were struggling with basic
technical procedures were less willing to incorporate
telecommunications into their teaching practices because
they were uncomfortable using the telecommunications
themselves.

The third contributor was support. High users taught in
schools where other teachers were engaged in telecommuni-
cations activities and were using computers as multipurpose
tools. They also received support from their facilitators and
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attended the workshops of the Electronic Academical
Village to form connections with other project teachers.
The low users did not take advantage of opportunities to
learn or initiate contact with those who were assigned to
assist them.

It appeared that the lack of computers at home curtailed
the networking activities of the low users. All of the
teachers who were high users had computers and modems at
home as compared to only one of the low users.

Transition also may have contributed to low use. All of
the low users were new to their roles. Two were new to the
teaching profession, and one, though a very experienced
teacher, was in a new role as a technical support person at
her school. In addition, two of the low users were at newly-
opened schools and may have been overwhelmed as they
adjusted to new situations.

Circumstances that Did Not Seem to
Impact on Use

There were several circunistances that did not seem to
impact on use. They were:
1. The number of computers in the school
2. The principal's level of knowledge and interest in

telecommunications
3. The actions of the facilitators

The first unexpected noncontributing factor was the
number of computers in the school. The user with the
highest level of participation taught at a school that was old
and had little equipment. The second highest user taught at
a school that was described as being "state of the art," but it
only had one modem. Of the low users, two taught at
schools that were new. Every classroom was equipped with
a computer and a modem, but the tmchers did not know
how to use them. Based on these circumstances, it seemed
appropriate to conclude that the number of computers,
modems, and phone lines did not sharply influence partici-
pation in a telecommunications project. Training and
support appeared to have a greater effect than levels of
equipment

The principal's level of knowledge, interest in telecom-
munications, and style of leadership also seemed to have
little bearing on teachers' use. Of the high-using teachers,
only one principal had an electronic-mail account, and he
was an infrequent user. Of the low users, one principal was
an active user and the other principals had limited knowl-
edge of Virginia's PEN. The principals' style of leadership
also had little impact on use. One principal was actively
involved and conducted training workshops on telecommu-
nications, while another let the teachers decide if they
wanted to use telecommunications. One principal arranged
for mandatory workshops on telecommunications while
other principals relied on the teachers involved in Electronic
Academical Village Project to provide training and support.
Levels of Use did not reflect the principals knowledge, level
of interest or style of leadership.

Also, the actions of external facilitators assigned to
assist teachers did not seem to influence the teachers' use of

4 ,

telecommunications. Two of the most active users had
facilitators who were not actively engaged in leadership
roles, and two of the most active facilitators were not
successful. One facilitator lacked technical expertise and
was not able to fully assist the teachers in her group.

The Concerns of High and Low Users
Four major concerns were expressed by both high and

low users and their facilitators. They were:
1. Time
2. Access to equipment and local nodes
3. Training
4. Lack of specifically stated protocols

Time was rnentionej by every participant in this study.
They were concerned with the amount time necessary to
become familiar with the network and to plan lessons
involving telecommunications. Access was the second
major concern. The participants expressed concern over not
being able to access their local network nodes during the
school day because the lines to the local nodes were busy.
Lack of phone lines were also a concern.

Learning to use the network instructionally was also a
concern, and participants suggested that instructional
models be developed to assist new users. Demonstrations
by teachers who were using telecommunications were also
recommended. Participants also suggested that training for
high and low users be changed. More advanced users could
collaborate on projects for implementation on the network
while new users assisted each other with basic procedures.
Step-by-step lesson plans for telecommunications projects
was also recommended.

The absence of specifically 'stated protocols for posting
was also a concern. Lack of explicitly stated rules caused
teachers and students to post incorrectly and different
threads of the same discussion resulted. The teachers
suggested that the conferences be moderated and misposted
articles be moved to the correct place.

Relating Results to Prior Research
Marker and Ehman (1989) found that when implement-

ing a technological innovation, it was critical to select
teachers "who believe in the potential benefits of technol-
ogy" (p. 28). In this study, teachers who were integrating
telecommunications into their teaching practices valued the
use of an interactive learning network because they recog-
nized the potential the network had for enhancing instruc-
tional practices and increasing student learning. Riel (1990)
supported the teachers recommendations of specific lesson
planes. The teachers who were not incorporating telecom-
munications into their teaching practices were not taking
advantage of opportunities to learn and were not interested
in using the network to increase student learning. Also,
high users had made changes to integrate telecommunica-
tions into the curriculum, and this was substantiated by
Becker (1992) and Shavelson, Winkler, Statz, and Feibel's
(1985) research.

Sheingold and Hadley's (1990) research also supported
the findings of this study. They found that teachers who
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were integrating computers into their instructional practices
had spent a considerable amount of time learning how to use
computers and had become comfortable using them.
Sheingold and Hadley (1990) also reported that the key
incentive for use among teachers was the desire to create an
environment where students were engaged in their own
learning and use computers effectively. Teachers reported
that the focus of instruction had shifted from teacher-
centered to student-centered and their perception of student
performance had changed.

Becker (1990) also reported that teachers who were
considered to be exemplary computer users taught in more
resource-rich environments. However, in this study, this
was not entirely true. Two of the low users taught in ne. -ly
opened schools which were described as being "state-of-
the-an." These teachers may not have been using telecom-
munications because they were in transition, but neither
indicated that they were interested in using telecommunica-
tions in the future.

The findings of this study did not fully support Hall and
Hord's (1987) research on the role of the second-change
facilitator, who in this study were the project's facilitators.
According to Hall and Hord, an active facilitator contributed
significantly to the successful implementation of an
innovation. However, in this study, the role of the external
facilitators did not appear to influence participation in the
projects of the Electronic Academical Village.

Implications
Future research should focus on the relationship

between a teachers' view of curriculum and the incorpora-
tion of telecommunications into teaching practices. Did the
teachers who were successfully integrating technology into
teaching practices change their views on curriculum, or did
their views on curriculum support the use of telecommuni-
cations?

Further research is needed to discover what types of
technical and instructional support are necessary to sustai
long-term use of a telecommunications network. In
addition, other research needs to focus on who to suppoi t.
Although there is a strong push to use computers, some
teachers are unwilling to use them. Research is needed :o
discover the characteristics that make teachers interestek in
using computers and incorporating telecommunications :nto
teaching practices.

Further investigation is also needed to discover if
transition is important. Is transition an important character-
istic for not using telecommunications? If it is, should
teachers who are in transition be excluded from telecommu-
nications projects?

Finally, longitudinal studies of the impact of the use of
telecommunications on student learning should be con-
ducted. Considering the cost, is this a viable instructional
tool? Would increasing the number of computers, phone
lines, and modems directly affect student learning?

Conclusion
This study has explored the circumstances and experi-

ences that lead some teachers to incorporate the use of

telecommunications into their teaching practices, wh.le
others do not. The findings indicated that teachers wiio
were integrating telecommunications into their teaching
practices valued the use of an interactive learning network
and had figured out how to use it instructionally. They had
also received support from other users and had access to
equipment at home. Being in transition appeared to have a
negative impact on using telecommunications.

Circumstances and experiences that did not appear to
have an impact on use were the number of computers in a
school, the principal's level of knowledge and interest in
telecommunications, and the actions of the project's
facilitators.

The major concerns expressed by the participants were:
time, access to equipment and local nodes, training, and the
lack of specifically stated protocols on network conferences.
These findings should be useful for all who wish to promote
the use of interactive learning networks to enhance instruc-
tion.
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Use of Telecomputing to
Support Group-Oriented

Inquiry during Student
Teaching

Linda A. Hoover
Shippensburg University

I have learned so much from my peers. Sometimes when
I'm reading someone's e-mail entry, I picture all of us back
(on campus) in Chambers Building sitting in a circle
discussing all kinds of topics. I value what my peers have to
say and this project has helped me hear them. Kathleen
(11/1/92)

In exploring the changing role of educational supervi-
sion, researchers call for a shift from occasional outside
supervisory assistance to reflection and continuous collabo-
ration among support networks. In addition, the reform
calls for movement from teaching as an applied science of
generic formulas to professional inquiry based upon
pedagogical content knowledge and unique teaching
contexts (Gordon, 1992; Holland, et. al., 1992; Nolan and
Frances, 1992). While much of the recent literature in
teacher education advocates a collegial, constructivist
approach, novices continue to enter a system where
seclusion behind one's own classroom door is often the
norm. Little (1987) heralds the plight of such teachers,
colleagues in name only, who "work out of sight and
hearing of one another, plan and prepare their lessons and
materials alone, and struggle on their own to solve most of
their instructional, curricular, and management problems"
(p. 491).

Yet another area where teacher education programs have
been cited as falling alarmingly short is in application of
technology. While uses for technology in the information
age are advancing rapidly, Brooks and Kopp's (1990)
review of the research in teacher education concludes that
"undergraduate teacher-training institutions are not taking a
convincing or focused leadership role in identifying solid
evidence about the application of technology to teacher
training" (p. 499).

Driven by the desire to combine the need for field
experience supervision which is more collegial and
constructivist in nature with the potential for inclusion of
technology into the reflective process, we engaged in a
study designed to join preservice teachers, their supervisors,
and university faculty in group-oriented inquiry during the
student teaching. The study was conducted using the
PENN*LINK communications and information network,
which connects the state's 501 school districts. The central
purpose of the research was to determine the effect.heness
of electronic mail to support the supervisory process,
connecting key members of the student teaching experience
who are ordinarily separated by distance and time. Rather
than experiencing isolation, preservice teachers could
interact weekly, forming a shared educational community
with opportunities to discuss the practical issues that arise in
schools.

Methodology
This qualitative study occurred over a fifteen-week

student teaching semester. Sources of data included an
initial and exit questionnaire, interviews, weekly quantita-
tive usage data, including log-ons to the system, connect
hours online, number of messages sent, and their date and
destination. In analyzing the data, we focused primarily on
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content analysis of the artifacts or actual messages which
were automatically forwarded to a central file. The
participants were fully aware of and had granted consent to
having a copy of all their electronic communications
retained for access by the principal researchers in the
project. Because of ethical concerns as to the privacy of
those involved, all participants were also issued a confider.-
tial user identification address.

The group included 19 secondary preservice teachers
from two student teaching centers located in southcentral
dnd western Pennsylvania. They were organized into five
subgroups according to disciplines: 2 science, 3 math, 5
social studies, and 7 English. The remaining preservice
teachers, one from the foreign language department and one
from music, teamed together. Each participant was loaned
an IBM computer, printer, modem, word processing and
telecommunications software, and provided with a
PENN*LINK account and toll-free access into the network.

Students were required to send three messages per week.
One assignment was to share a plan either before imple-
menting it or following the teaching period with comments
reflecting upon what had occurred. A second assignment
was open-ended, used to initiate some type of discussion.
Students could share a success, seek advice in solving a
problem, ask a question, or initiate a debate on some issue
of interest. Finally, students were asked to respond to
another message they had received. Messages and re-
sponses could be addressed to the other members of one's
content subgroup (which included the supervisors and
content faculty member), to a single individual, or to the
entire pilot group.

Usage Data
The use of electronic mail far exceeded our expectations

or requirements. Analysis showed that preservice teachers'
enthusiastically responded to electronic mail as a medium of
communication and reflection about teaching. The 19
preservice teachers and their two supervisors averaged 145
log-ons per week or 6.9 per person/per week, almost daily
usage of the communications network. They sent an
average of 244 memos per week, or 11 per person/per week,
8 more than was required. While the average connect hours
of 44 hours per week or 2 per person/per week provide
some indication of time spent writing, reading, and respond-
ing, this number is deceptive because some preservice
teachers uploaded/downloaded material from their word-
processor, While others less adept with the system took
longer by conducting all written communication online.

Ironically, the enthusiasm with which the group
responded to network communications led to the most
frequent complaint about the system. As a result, many
times the preservice teachers expressed frustration at the
number of messages awaiting them when they logged-on to
the network. While researchers have noted this information
overload in other studies involving electronic mail (Hiltz,
1984; Harasim, 1987), Harasim's findings indicate that
when engaging in interactive computer networks, there are
"no easy solutions to avoiding the trade-offs between the
value of open communication and the cost of information

overload" (p. 130).

Group Supervision: Qualitative Findings
Far more interesting than the quantitative data, however,

are the results of content analysis of the messages forwarded
to the central research file. In interpreting the data, the
evolution of a coding scheme emerged into three general
categories as follows: a) combating frustration with
camaraderie and support; b) promoting a focus on content-
specific pedagogy; and c) forging the way toward critical
inquiry into practice.

Combating Frustration with
Camaraderie and Support

E-mail is an outlet for the frustration that so many
student teachers feel. It is also an easy way to keep the
lines of communication open. If I ever had a question or
concern, right away there were other opinions to get
some thoughts running through my head and get me on
my way toward solving the problem. Lorena (10124/92)

As the semester began and the preservice teachers faced
the challenges of taking over classes, many of them utilized
their weekly "open" entry and response as an outlet for
frustration and a vehicle to offer one another camaraderie
and support. As the participants grew more comfortable
with one another and a spirit of collegiality grew, they
ventured beyond support statements to offer suggestions. In
the following exchange, one of the math preservice teachers
shares his first experience with a teary-eyed eighth grader
and receives subsequent advice on handling the situation:

Boy, did I have a terrible day on Friday! I couldn't
seem to do anything right. It was the day after I had
given the class a speech about how they should never be
afraid to ask questions, there is no such thing as a stupid
question, and the only way I can help them is if they ask
I was pleased to see more hands were going up.
Anyway, one girl asked a question. It was a simple
question and I had just gone over the answer, but I was
certain she wasn't the only person in the class who
didn't understand, so I explained it again. She still
didn't get it, so I asked another student to come up and
explain it, thinking that maybe it would be easier to
understand if she heard it in another student's words.
The student was almost finished with his explanation
when the girl began to cry loudly, saying, "I'm so
stupid I'm the only one who doesn't understand." Her
self-esteem has got to be totally shot. Has anything like
this happened to any of you? How did you handle it?
Also, what can I do to rebuild her confidence? Jody ( 10/
10/92)

Jody, you were and still are in a tough position. 1 think I
would have done what you did. What to do next is
certainly a big question. If were you I would just try to
give the girl some easy opportunities to succeed to build
her confidence back up. One way might be during
review. Good luck and keep me posted. Matt (10/11/92)
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Jody, Wow! One thing that came to my mind was that
having another student Explain the answer might have
set her off because she saw that student understood and
i f that one did maybe everyone else except her did too.
In order to boost her confidence, try to call on her when
she has a good chance to show success. I know this is
difficult. I have a couple of students who do not have
much self-confidence. I feel I put them at risk every time
I call on them, but I must involve them. One thing to
watch out for. . . don't just call on her for the easy
questions. This will be noticed by her and the class.
Perhaps you could privately reinfome her for awhile.
When she gets a good quiz grade, tell her how well she
did one on one. Try to build the confdence between you
and her first and then in class when she knows she is
backed by you. Angela ( 10/11/92)

Within 24 hours of conveying his frustration and
eliciting suggestions, Jody had two of his colleagues'
viewpoints to consider as he proceeded. In addition to
bolstering Jody's confidence with collegial advice, this type
of opportunity for post-teaching reflection is supported by
Elliott (1989), who states, "It is through practitioners'
retrospective self-evaluations of their attempts to translate
values into action that professional knowledge is further
defined and developed" (p. 247).

Promoting a Focus on Content-Specific
Pedagogy

I am able to adapt and use so many of the great ideas
that people send out. Hove to borrow everyone eise's
creativity. What a rich pool we have to work from! This
is especially helpful to novice teachers because we don't
have the years of experience behind us. Raeann (11/29/
92)

In exploring the knowledge base for teaching, Shulman
(1987) emphasizes the importance of including pedagogical
content-knowledge, or the amalgamation of content and
instructional strategies which are unique to each discipline.
By arranging the secondary preservice teachers into content-
area subgroups with a university faculty member from each
department to serve as a mentor, the participants were
exposed to a much wider variety of ideas, techniques, and
classroom experiences through the exchange of lesson plans
and subsequent reflections than could be afforded by
mirroring one's cooperating teacher alone. An example of
content-specific pedagogy involves a science teacher's
reluctance to engage in more discussion in his classes and
the alternative perspective proposed by his peer:

It seems like math and science are quite different than
the other disciplines when trying to incorporate discus-
sion as a teaching strategy. In other subjects, the
students seem to be able to discuss without really
!mowing all the facts related to a topic. This type of
discussion would be a complete failure in my science
classroom. How can students talk about the depletion of
the ozone layer, for example, when they don't have a

solid understanding of how it occurs and what causes it?
It is absurd to think they are going to get anything out of
a discussion except for more misconceptions. Maybe
I'm missing something here. I need some input. Mike
(11/7/92)

Mike, I believe we really need to integrate class discus-
sions into our science lessons. I too am guilty of trying
to figure out how to fit them in. We are always trying to
cover all the relevant material and get on to the next
section. But perhaps we can stop and give students a
chance to discuss related topics. Sure most problems
are so complex that one seems to never have enough
information to understand them. Do you or I redly
understand some of the science topics? The more I
learn about global warming the more I realize I don't
really understand anything. But that doesn't stop me
from wanting to learn more or discuss it on a level I can
understand Students can discuss almost any topic. You
can help guide them and help point out misconceptions.
WE can help them learn to use their minds NOW We
don't want to say that their opinion is unimportant
because they don't know enough. We can teach them
their opinion has more weight if they can back it up with
research. Steve (11/7192)

Steve was quick to make the issue of incorporating more
classroom discussion a problematic one for further reflec-
tion. He addressed the issue of covering content versus
discovery learning. Schon (1988) explains that such
examination of practice is a requisite to reflective teacher
education, for it "opens a person to confusion, to not-
knowing - therefore, to a rejection of belief in externally
given 'right answers" (p. 23), allowing preservice teachers
to craft their own knowledge about teaching in their content
areas.

Forging the Way Toward Critical Inquiry
into Practice

By reading and processing other people's opinions, I
have been able to refine my own. E-mail has allowed a
"community of scholars" to arise. Madeline ( 10/27/92)

Watts and Castle (1992) declare teacher development as
a critical precursor to meaningful change in our schools.
Their studies have confirmed the profound potential of
technology to provide significant opportunities for profes-
sional development and therthy the transformation of
schools. For example, one of the most interesting inter-
changes among the entire pilot group was sparked by a
simple observation made by the Spani3h preservice teacher
concerning her experience with homogeneous grouping:

The first thing I noticed is the vast difference between
the student I shadowed today, a motivated, level .5
senior, and the students I worked with in pre-student
teaching, all unmotivated lower level sophomores. It
doesn't matter what the situation, a motivated student
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will learn, whereas an unmotivated student needs a
teacher to step in and somehow catch their interest.
Lorena (9/14/92)

Lorena, I read your observation, and have an observa-
tion of my own to make. Did you ever notice how most
teachers treat lower level students in the first place?
Check out the way they interact with lower level
students. I notice that teachers generally expect little of
them. No wonder so many lower level students have
poor self-images and attitudes about school. Kelly (9/
15/92)

The seeds sown by this initial exchange on the ethical
implications of tracking and teacher expectations were
referred to many times throughout the semester as preser-
vice teachers questioned common practices:

The middle school where I teach divides students into
three ability levels or tracks. My coop agrees with this
policy because she believes it is easier to tach homoge-
neous ability groups. She tailors her lesson for the
ability of the group. This means that the
lower ability students do not cover the same material as
the higher groups. We also seem to have more behavior
problems with the lower groups. Perhaps this is
because of the expectations they perceive. It seems
many of the teachers expect problem behaviors from the
lower students. This is the self-fulfilling prophecy we
have heard about. What do you think? Steve (9/27/92)

I have observed my coop, who has a high class and a
low class, and he treats them really different. His
expectations are so low for the slower students. In fact,
he doesn't even try to challenge them and see what they
can do. He doesn't expect any higher level thinking
from them at all. I really think they are capable of doing
much more than he has them doing. but he won't even
try. He spends more time correcting the bad ones than
he does teaching the good ones. It saddens me, and I am
looking forward to trying new things with them to see
what they can do. Tina (9127/92)

When I was a junior in high school I was in the lowest
track for math while at the same time in an honors
history class. My grades in math were Cs and Ds. My
grade in honors history was an A every marking period.
I know I could have done better in math, but I didn't
study and I could have cared less. I viewed myself as
stupid in math so why even try? I wonder how many of
my own students are defeated before they even begin?
Art (10/5/92)

I come from a school system that tracked even in
kindergarten. We were tested right before starting
school, and unless you made some incredible change,
wherever you started was pretty much where you stayed.
I think that tracking can dictate a person's life.
Madeline ( 10/7/92)

The preservice teachers explored their own philosophy
toward policies for tracking students, some of them
reflecting back upon their prior experiences in homoge-
neous groups to explore the long-term effects. They
appeared to conclude that gross inequities were inherent in
such educational practice. As they continued to weigh what
is with what could be in our schools, they worried if they
could truly make a difference. A communication by Angela
at the conclusion of the semester is representative of the
group's thoughts:

Right now I am teaching my unit on problem solving. I
developed the unit separate from the school's curricu-
lum using the textbook only as a reference. My unit is to
promote critical thinking in a cooperative atmosphere;
the students are to look to each other as a resource. I
am trying to promote mathematical curiosity and give
the students high math self-esteem. This unit follows the
theory I have learned from the NCTM standards. I am
excited about teaching this unit - more excited about this
than the curriculum I have been following. P.S. Are we
the generation to make the new theories come true?
Angela ( 12/6/92)

"Are We the Generation to Make the
New Theories Come True?"

I see e-mail as important in familiarizing teachers with
the potential of technology and the use of the computer for
communication. Jeff ( 10/27/92)

As Angela so aptly commented, a new generation of
teachers is prepared to enter the profession. Rather than
being socialized into a secondary school system where there
exists little interchange among members of a department as
teachers close their doors and work in isolation, the results
of this study indicate that the participants have experienced
technology as an effective means for personally linking
educators for immediate communication about both general
and content-specific pedagogy and for camaraderie and
collegial supervision without the barriers posed by time and
distance.

Cochran-Smith and Lytle (1990) determined that the
missing link in the knowledge base on teaching is "the
voices of the teachers themselves, the questions teachers
ask. . ." (p. 2). However, the preservice teachers who took
part in this study engaged in joining their voices for
collaborative problem-solving and the social construction of
knowledge based upon a shared pool of ;xpei iences that an
artificial assignment for a professor or ield supervisor alone
could never foster. Everyone particip aing online during the
field experience became an integral i tart of a forum for the
kind of professional dialogue essential to a dynamic school
environment that supports change. Watts and Castle (1992)
conclude:

As teachers discover the power of their talents, strengths,
and voices within and beyond the classroom, they begin
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acknowledging to themselves and others that they are
important professionals who can make a difference in
their schools. (p. 685)

Our preservice teachers have demonstrated that within a
telecommunications network lies the potential for the self-
supervision necessary to empower teachers with a voice in
shaping the future of education.
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Preparation of reflective teachers is an important theme
in teacher education. During student teaching. many student
teachers experience a sense of isolation as they leave the
university environment. Not only do students leave the
familiar surroundings of the university campus, but they are
no longer in direct contact with other students or faculty
who have been a source of support. Student teaching
provides a unique challenge for integrating educational
technology to facilitate reflective thinking in the teacher
education program. The purpose of this study was to
investigate the effectiveness of a research project that
utilized electronic mail as a means of communication
among student teachers, university upervisors, teacher
education faculty, and participating classroom teachers.
Specifically, we extended our previous study (Yan. Poage.
Munson, & Anderson, 1993) to examine the effects of e-
mail communication on student teachers' reflective think-
ing.

Theoretical Framework
Reflective thinking in the student teaching expenence is

an important component of enhancing student teachen'
personal and profestional growth. As far back as 1933.
Dewey made reference to the importance of reflective
thinking. Since Schon's research (1983), reflective thinking
has received more and more attention in teacher education
programs yet reflective teaching itself has not been well-
defined. Common agreement regarding reflective teaching
includes the following two elements:
(a) Content knowledge which refers to how teachers use

knowledge in their planning and decision making and
(b) Mode of thought which refers to beliefs and dilemmas of

teaching as well as the social outcomes of education

A broad body of research concerning reflective thinking
in preservice and inservice teachers is in existence (e.g
Cochran-Smith, & Lytle, 1990). Since Schon's research
(1983), many efforts are underway to provide opportunities
for reflective thinking in student teaching, for example: (a) a
weekly seminar and (b) weekly journals.

Wedman, Martin and Mahlios (1990) studied the effects
of a nine-week student teaching program designed to
prepare reflective practitioners. Their results indicated that
seminars, journal writing, and action research can help
student teachers grow in reflective thinking. However, their
study did not indicate the effect of individual components in
reflective teaching.

Zeicher & Liston (1987) used journals as "an integral
part of the supervisory process". The journals provided the
supervisors with information about the ways in which their
students think about their teaching and about their develop-
ment as teachers, with information about classroom, school
and community context. The journals also provided student
teachers with a vehicle for systematic reflection on their
development as teachers and on their actions in the class-
room and work context. Bohn (1988) analyzed one
student's reflective journal to look at how a student teacher
developed a concept of teaching. To avoid the influence ot
the supervisor's comments, Bolin analyzed a "clean com"
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of the journal.
Little is known, however, about the effectiveness of e-

mail on enhancing student teachers' reflective thinking. It is
our belief that regular, easy access (via electronic mail) to
other student teachers and university supervisors will
enhance student teachers' reflecve thinking.

Method
The following section describes the subjects, procedure,

'and data analysis used in this study.

Subjects
A total of ten student teachers and six university

supervisors from the Department of Teacher Education at a
northwest university participated in this study. Given the
exploratory nature of the study and the funding constraints
of the project, we selected ten student teachers to participate
in the prcg-am on the basis of the following criteria:
(a) interest in participating;
(b) student perception of the value of the study; and
(c) either experience with e-mail, or the willingness to be

trained in the use of e-mail.

Procedure
Ten modems were provided for use in this project by the

Department of Teacher Education. All participating
students were enrolled in a block of methods courses before
the project began. During the methods block a training
session was offered to familiarize student teachers with the
electronic mail (e-mail) system used through the VAX
computer. They learned to set up a modern and to send and
receive e-mail messages. art student teacher received a
usernarne to access the University VAX andmaterial
covering the use of a modem and the e-mail commands. It
was necessary for University personnel to make contact
with the cooperating teacher and the school in which the
student was teaching to locate a convenient phone line and
computer access to the phone line for each modem. In
several instances University personnel traveled to the
school, installed the modem and taught the use of communi-
cation software to individual student teachers. Modems
were installed on both Macintosh and IBM computer
environments.

Guidelines for reflective thinking were also provided for
the student teachers. These guidelines included:
(a) What were the essential strengths of today's lesson?
(b) What, if anything, would you change about the lesson?

(c) What, if any, unanticipated things happened during

today's lesson?
(d) Can you think of another way you might have taught this

lesson?
(e) List one specific area that needs work. What can I do to

work on this area?
(f) Do you think the content covered was important to

students? Why?
(g) Did any moral or ethical concerns occur as a result of the

lesson?
During student teaching, the participants were asked to

read their e-mail every day and respond as often as they

were able or saw a need. Once a week, the student teachers

responded to the reflective thinking questions provided to
them during the training session.

Data Analysis
Based on a case study approach (Yin, 1984; Merriam,

1988), we collected and analyzed data according to the
principles of qualitative research methodology. Specifi-
cally, e-mail journal writing served as the primary data
source. University supervisors' observations were used as a
means of cross-validating the findings of the study.

The student e-mail logs were saved and analyzed
according to the following content categories:
(a) Reflection on adapting lesson plans,
(b) Reflection on the content/subject matter knowledge,
(c) Reflection on teaching strategies,
(d) Reflection on anxiety and stress in teaching,
(e) Reflection on class management,
(f) Reflection on the student teaching experience.

The university supervisor's e-mail communications to
the student-teacher were analyzed as well.

Results
The data fr.= the student e-mail logs were analyzed for

content by 3 researchers. A 95% agreement among the
researchers was obtained.

E-mail facilitation of reflective thinking
The content analysis focused on the following reflective

thinking categories.
(a) Reflection on adapting lesson plans,
(b) Reflection on the content/subject matter knowledge,
(c) Reflection on class management,
(d) Reflection on anxiety and stress in teaching,
(e) Reflection on the relationship between student teacher

and cooperative teacher,
(f) Reflection on sharing teaching experience.

Examples from student teachers' e-mail logs have been
included.

Reflection on adapting lesson plans
"I am really beginning to see that the agenda of each day
can be drastically changed depending on the mood of the
students... As a teacher, you really have to learn to roll
with the flow of things!"

Reflection on the content/subject matter
knowledge

"Last week I did a unit on poetry... the kids read poetry
from books and finally they each wrote their own poems
and presented them to the class..."
"I began a unit on the rain forest today... the kids were
really excited..."
"The kids wrote thank you letters thanking the tour
people and telling them what they learned... I had to give
a mini-lesson on letter writing first because they had no
idea how to write a letter!"

Reflection on class management
"All they want to do is play games and go to recess. My
master teacher has the same problem with them. There
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are quite a few behavioral problems in the class...I have
also been trying to concentrate on saying positive things
to the kids instead of always pointing out the negative
things. Not only does this make kids feel more
successful in my opinion, it also makes me feel more
positive about the class and my teaching."

Reflection on anxiety and stress in teaching
"I am feeling a bit tired already! That is not good. I find
the kids difficult sometimes...Last week was not a good
week for me... I think it was partly due to the fact that
the kids were in their last week of taking the Basic Skills
tests... Being their frustration level was high, mine was
high also."

Reflection on the relationship between student
teacher and cooperative teacher

"I prefer teaching the lessons I prepare when she is out
of the room, for when she is in the classroom she is
continually interrupting me while I am teaching. She is
either bossing the kids around... or she is telling me
things that I forgot to point out in my lesson... It
becomes so frustrating for me and rather
demeaning...There are quite a few behavioral problems
in the class which my master teacher and I have not
seemed to resolve completely yet. Perhaps we never
will!... The ldds only have one teacher to follow
directions from instead of becoming confused by 2!"

Reflection on sharing teaching experience
"I began presenting my poetry unit today. The kids were
so excited about it because I was able to 1) maintain
their initial interest and attention, and 2) involve and
engage them in what I was doing!"

In addition, it is evident from the student teachers' e-
mail logs that they are primarily concerned with sharing
their positive and negative teaching experiences with faculty
and other student teachers. Although some of these
experiences are related to the categories previously de-
scribed, students appeared to want to share experiences
outside these boundaries. The following categories
emerged:
(a) Sharing solutions to problems
(b) Parent teacher conferences
(c) Admitting that they were wrong/don't know everything
(d) Sexual harassment

Sharing solutions to problems
"The kids behaved really well, but I think a lot was due
to my explicitness in explaining what my expectations
for the class were... I have had the kids work coopera-
tively in groups for some of the lessons I have planned...
They seemed to respond quite well to it. I have them
working in groups to create short stories for creative
writing."

Parent teacher conferences
"It is very interesting to see why many of the kids
operate the way they do. All I have to do is listen to
their parents and it al becomes clear."

Admitting they were wrong/not knowing
everything

"... Josh came up to me and insisted that he had passed
his 7's times tables but I had not recorded it in my grade
book and I had thrown all the sheets away so had no way
to check...At first I told him he would have to do it
again...I explained that I had probably lost his timing and
asked him if he wouldn't mind taking his 7's test again
tomorrow... This taught me an important lesson about
how as teachers it is easy to not take kids' feelings into
consideration, or to not admit when we make mistakes...
I think Josh really needed to know that I believed him..."

Sexual harassment
"Yesterday we had a class meeting with the counselor
because one of the 4th grade boys was sexually harass-
ing one of the female students...No names of the guilty
or accused parties were given. The class felt much better
afterwards, but the boy who was doing the harassing
took the whole thing as a joke...It made me realize how
serious this issue can be even in the elementary school
classroom."

University supervisor reflections
As university supervisors, we visited our student

teachers on a regular basis once or twice a week to provide
them with feedback on their classroom teaching skills.
However, contact once a week between the student teacher
and the university supervisor may not be sufficient to deal
with some of the issues and circumstances that arise in a
classroom setting on a daily basis.

Furthermore, due to other teaching, advising and
additional university commitments and responsibilities, it is
often difficult for a university supervisor to conveniently
meet with their student teachers in a timely fashion to
discuss, analyze, and debrief after a particularly stressful
day in the classroom. Many university supervisors have
recommended that their student teachers call them when
they have immediate questions, comments, concerns, or
problems regarding their students or their classrooms.
Unfortunately, this often results in both parties playing
"telephone tag" and spending more time trying to get a hold
of one another than discussing the original problem.

Even though there were some technical obstacles to
overcome (e.g., interference from local television stations,
communication phone lines for the modems in schools), our
project appeared to facilitate timely communication between
student teachers and faculty members. Student teachers
used the e-mail system to send words of encouragement to
one another, ask other student teachers questions about
appropriate curriculum for a given student, request more
information about a given topic that they would later share
with a parent or fellow colleague at their school, or to
comment on their progress in student teaching. This
communication system has fostered a great amount of self-
efficacy and reflective thinking for student teachers and
university faculty members.

University supervisots agreed that: (a) student teachers
were more willing to ask how they might do things differ-
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ently than they might have done otherwise; (b) student
teachers were more able to consider alternative approaches
to the handling of challenging situations; and (c) they were
more likely to share their experiences with others and to
benefit from being not only the giver, but also the receiver
of information. Overall there also appeared to be a decrease
of anxiety in student teaching, and an increase in confidence
in the use of technology.

Implications
Our study is exploratory in nature. It provides the

following implications for further studies.

Implications for utilizing educational technology
in teacher education programs

Our study suggests that simply providing the modem
and technical training for using e-mail is not sufficient.
Students need systematic and intensive individualized
support. The many factors constraining the use of e-mail
should be removed.

The study indicated there were several technical
difficulties that detracted from the use of e-mail for reflec-
tive thinking. The location of the computer and modem,
training of the student teachers, and a very busy internship
were the factors that constrained the use of e-mail for
reflective thinking.

We found that most student teachers did not have a
computer at home and thus neuded access to a phone line
and computer at the school where they were student
teaching. Installation of the modem within the school was a
major problem. A phone line needs to be close to a
computer and available at times convenient for the student
teacher's use. Because the phone is in great demand in
most schools during the day, the student teachers were
hesi:ant to tie up the phone while others waited to use it.
For some this hesitancy was heightened by lack of confi-
dence in the efficient use of the modem. It was difficult to
find a quiet place where the student could use the modem
for reflection without being disturbed.

One session was held on campus to train the student
teachers to use the VAX commands for e-mail. However,
the communication software they found on the school
computer was different in almost every case from the
software used in the training session. The software was not
hard to learn for those who used the modem several times.
However, the unfamiliarity of the software presented
another factor that kept some student teachers from using
the modem. It was easier for some to make a phone call,
than to risk the extra time and inconvenience a modem
message might entail.

The students joined the project because they were eager
to have a modem to use during the time they were away
from the University, from their peers, and in a new environ-
ment in which they wanted support. However, lack of time
was a major reason given for not using the modem. The
student teachers had so much work in planning and teaching
that they were unable to use the modem for reflection.
There were two students who had modems at home and yet
were too busy to use them. The student teachers were
overwhelmed with the demands of the field experience.

Implications for ths Jesign and implementation
of a reflective teacher education program

Reflective thinking, however central to student teaching
practice, is difficult for student teachers. The first reason is
that reflective thinking is cognitive in nature. The ability to
look back and learn from one's experiences within a
classroom environment is extremely complex and difficult
to acquire. A second reason is organizational in nature.
Researchers have cited teachers' lack of time, insufficient
insight and enthusiasm from school supervisors, omission of
structured opportunities to reflect (Wedman, Martin, &
Mahlios, 1990), and demanding work loads of university
supervisors as affecting teacher reflection (Zeichner, K., &
Liston, D., 1987).

The finding of our study indicated that in order to
facilitate reflective thinking in student teachers, a teacher
education program needs to (a) provide more direct
guidelines on reflective thinking, (b) give more individual
consultation, and (c) use all kinds of vehicles, especially
educational technology to facilitate reflective thinking.
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Although it may be the moral and ethical dimensions of
teaching that set it apart from other professions these issues
are often ignored in preservice programs or given, at most, a
passing mention (Good lad, Soder and Sirotnik, 1990). Yet,
as the population of students in the schools becomes more
diverse, the moral dimensions of teaching become increas-
ingly complex. As Taylor and Swartz (1991) point out:

Major ethical issues seldom arise when a single mono-
lithic worldview holds sway over what counts as
legitimate knowledge. Ethical issues within a single
worldview tend to be relatively trivial since they involve
matters of style or interpretations of the cannon. Ethical
questions are more likely to become central when
competing world views clash over matters of substance
and practice (p. 59).

If we acknowledge the need to help prospective teachers
begin to deal with the issues they will be faced with as
professionals in an ethical way, we must identify the
specific experiences and methods that will help us do this
more effectively than others. This means we must find
ways to gauge our students' moral development, develop
techniques that further foster that development, and assess
their effectiveness. In this paper we examine if computer
conferencing activities can be structured to support moral
discourse, a key element in moral development.

Dialogue has long been valued as an educative experi-
ence (Burbules, 1993). In addition, discourse has been
viewed as one of the chief methods of fostering moral
development (Berkowitz, 1985; Kohlberg, 1984; Oser,
1986). Although there are a variezy of ways to provide
opportunities for discourse and dialogue such as class
discussifm and the case method, computer conferenci..g is a
relatively new and, as yet, unstudied way to generate moral
discourse. Indeed, computer conferencing has characteris-
tics which may make it uniquely suited for doing so.
Conferencing activities can be structured to support aspects
of an ideal speech community, a necessary condition for
optimal moral discourse and development according to
scholars such as Habermas (1991), Oser (1986), and Strike
and Soltis (1992). In addition, conferencing activities can
be structured to encourage students to reason about other
students' reasoning and, as Berkowitz and his colleagues
have shown (e.g., Berkowitz, 1985), this may have a greater
impact on students' moral development than stage disparity,
previously identified as a key element in moral growth
through dialogue. Although each of these goals is difficult
to achieve in regular classrooms, they provide the necessary
scaffolding for moral development and ethical decision
making.

The Dialogical Community Exercise (DCE), the activity
that provided the data for this analysis, was designed and
structured to provide this scaffolding.' The exercise was a
major component of one of the first courses students take
after being accepted into the School of Education. The
DCE was structured to encourage an ideal speech comrnu-
nity. Students were provided with a comprehensive rational
of the activity, participated anonymously, were free to enter
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into the conversation at their convenience, and were
encouraged to address taken for granted assumptions they
and other participants brought to the discussion. In this way
we attempted to exchange norm-referenced expectations,
share equally and reciprocally in the communicative
process, and question the validity claims of statements all
components of an ideal speech community. Students were
also provided with guidance and encouragement in ques-
tioning what others said in relation to their own perspectives
on the issues addressed, indicating when they were in
disagreement or agreement and why, and in seeking further
clarification. In this way we hoped to increase their
reasoning about others' reasoning. How effectively we were
able to accomplish our goals will now be discussed. First
we discuss our source of data, next we discuss our analytic
framework. This is followed by a discussion of our findings
and implications for further study.

Data Source
Twenty six students rarticipated in the conference that

provided the transcript fpr analysis. Nine individuals were
nontraditional students -- they had received degrees or had
returned to school after an enended absence. The remain-
ing 17 were traditional students college juniors or
seniors, 19 to 20 years old. Of the total, three students were
male and three were minorities. Toe makeup of the class
was comparable to other cohorts of elementary education
students at the University. Our analyses focuses on two of
the dialogues, referred to as Dialogue 1 and Dialogue 2,
which occurred on the DCE? The dialogues took place
during separate weeks of the second half of the semester.
There were 70 responses with all students participating in
Dialogue 1. All but one of the students participated on
Dialogue 2 and there were 76 responses. Each dialogue
began with an "item" which described a dilemma a teacher
might face in his or her professional life.3 Both of the items
were generated by the teaching assistant along with 2 or 3
students who were assigned the role of facilitators for that
particular dialogue each dialogue had a minimum of two
student facilitators. In addition to writing the item, facilita-
tors were required to facilitate the discussion which
involved participating more often and trying to move the
discussion forward.

Analytic Frames
In our attempt to explore if conferencing activities can

be used to encourage moral discourse and, thereby, moral
development we drew from two bodies of scholarship to
structure our analytic frames. The first focused on the work
of Berkowitz and his colleagues on the developmental
nature of moral discussions (e.g., Berkowitz, Oser, &
Althof, 1987). The second drew from Oser's (1991) work
on moral discourse in which he has explored the profes-
sional morality of teachers. Each is discussed more fully
below. As described previously, computer conferences are
quite likely a unique medium through which student
development can be fostered. In addition, computer
conferences may also provide an opportunity for teacher
educators to observe and monitor this development. The

hope is that through exploratory investigations such as this,
methods of gaining imight into students' growth through the
use of computer conferences will be identified.

To determine if conferencing activities can help students
reason about others' reasoning we drew from the work of
Berkowitz and his colleagues to develop our first analytic
frame. They found that individuals whose discourse
exhibits transactive features, defined as "reasoning that
operates on the reasoning of another" (Berkowitz & Gibbs,
1983, p. 402), during a discussion of moral dilemmas show
gains on measures of moral reasoning. As indicated above,
their work indicates that the use of transacts in discussions
appears to have a larger impact on moral development than
does moral reasoning stage disparity among the discussants.
This is a particularly compelling finding because moral
reasoning stage disparity has been traditionally thought to
be the key factor in moral growth through dialogue.
Berkowitz describes 18 types of transacts which fall under
two general headings: representational transacts and
operational transacts. Representational transacts are
considered lower level in that they only represent the
reasoning of another individual, but do not transform the
reasoning in any way. Operational transacts, in contrast,
involve a transformation of another's reasoning "via
integration, logical analysis or some other operation"
(Berkowitz, 1985, p. 205). In this study, the two dialogues
were analyzed using their criteria. The analysis provided
insight into the degree to which representational and
operational transacts were incorporated in the responses
made by Cie students to each of the two items.

A second level of exploratory analysis was completed
drawing from Oser's (1991) work on the discourse approach
to moral development. His work suggests that when
making professional decisions, teachers attempt to coordi-
nate care, justice, and truthfulness. While these three
dimensions are not the only considerations teachers make
when deciding on a course of action, these three dimensions
define a teacher's ethos, or "the particular understanding of
responsibility as a professional" (Oser, 1991, p. 203). Oser
suggests that when given hypothetical education dilemmas,
teachers balance these three dimensions using five different
discourse approaches (from least responsible to most
responsible): Avoiding, Delegating, Single Handed
Decision Making, Incomplete Discourse (Discourse I), and
Complete Discourse (Discourse II). In this study, both
dialogues were analyzed by looking for evidence of students
attempts to balance care, justice, and truthfulness. This was
done to determine if conferencing activity are an effective
method of providing these kinds of experiences to students.
In addition, we analyzed the dialogues to determine if we
could gain insight into students' approach to ethical decision
making.

Findings
The analyses of Dialogue 1 and Dialogue 2 indicate that

transactive discussion did take place during both of the
dialogues. It was possible to identify comments and
questions made by the students in which it appeared that
they were reasoning about the reasoning of the other
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participants. Operational transacts seem to be twice as
common as representational transacts; there were approxi-
mately 30 operational transacts in each of the dialogues and
approximately 15 representational transacts. The analysis
further indicates that transacts took place throughout the
dialogue. In other words, at least for these two dialogues,
there is no indication that transacts are more likely to take
place during a specific section (e.g., the beginning) of the
dialogue nor is there any indication from this analysis that
there is a typical number of transacts per response. In many
responses there were no transacts identified, but in some
responses there could be as many as four transacts. The
following comments taken from the conference transcript
suggest the reasoning that students were doing about others'
reasoning the transactive namre of the dialogues.

L 10: ...A lot of the responses mentioned grouping by
ability, are these people aware of the negative side
effects of this type of grouping? Another idea or thought
that I've heard about from different students, which they
took from the reading, is that reading is seen as some-
thing that comes naturally. Just as babies begin to walk
and talk miraculously, so do children begin to read when
they are ready. This kind of negates ability grouping

L 3: As a consequentialist, I would also seriously
consider the overall benefits of my decision. As LA said
that it may not be in the best interest of or benefit any of
the other students besides the two who the teacher is
sending to the camp. The other students may feel
inferior compared to the two who were chosen to go.
This decision may damage their self-esteem. For
instance, they may think "Why wasn't I chosen to go?"
But on the other hand, the information and the rich
experience that the two children may gain could be
shared with the other students in class and maybe extend
the enjoyment of language arts to others.

L 12: To L 22 and L 27: You misunderstood my point.
My point was certainly not that 300 is a small amount of
money. The point is that when we talk about the value
of something, we must separate it from talk about the
price of something. Price is still not what it "comes
down to" when we say that people are equal.

An unexpected finding of this analysis was that the
average number of transacts for those students who were
assigned the role of facilitator was higher than the average
number of transacts for the other participants. This result
suggests that being a facilitator may increase the likelihood
of making a comment with transactive features, a finding
that demands further investigation in light of our interest in
fostering the moral development of our students.

Our second analysis focused on whether the elementary
education students were attempting to balance justice, care,
and truthfulness as they struggled with the dilemmas
presented to them on the DCE. The analysis indicates that
students were, in fact, doing just that. As Oser's work has
indicated, however, the students each balanced these three

,

dimensions in different ways. The benefit of the DCE
appeared to be that the students were exposed to the ways
that the other participants coordinated these three dimen-
sions. The result often was that the students modified their
initial solution to the item when they understood the reasons
behind other students' solutions, as some of the following
comments indicate.

L 15: ...Anyway, back to the situation with all of these
mixed level students. I think that I would divide them
up into ability-based groups, but not all the time. I
would like to divide them so that students on the same
level can read the same books and discuss with one
another, answer questions, read for understanding, etc.
However, I would be careful as to how I treated the
groups or named them because I would not want
students to feel that they were inferior or superior to
other students, or to develop complexes about not being
as good as someone else....

L 22: ...I want to address the idea of ability grouping. I
can see how some people feel that the negative effects
are too great to have ability groups, but I think that
groups of mixed abilities can also cause problems. I can
remember when I was in elementary school and we had
to get into groups and take turns reading. There were
always kids that took forever to get through reading their
paragraph and the rest of the group would always get
restless and end up not paying attention and not listen-
ing. I think that students can sense when their fellow
students are not paying attention and that may cause
them to have negative feelings about reading aloud...

L 14: In taking the consequentialist point of view, I
would probably give Kasey and Dave the money. My
reasons for doing this would be the following: First, I
want to take into consideration how it would affect the
two children. They both have incredible talent for the
literary arts, and by sending them to this camp, they
would be exposed to the subject in a more thorough
environment. Realizing that their parents aren't able to
pay, I come to the conclusion that someone has to
provide the way to get them there. Their love for the
subject would only be enhanced as a result of this camp.
Consequently, the children would benefit greatly. I have
to look at this also from the other children's point of
view in the classroom. They are not able to go to the
camp because of financial reaions as well, so is it fair to
send Kasey and Dave (especially fund the trip) and not
allow the other kids to go? Seeing this point of view
makes it difficult to send the children to the literary
camp. However, I feel if an explanation was needed to
give the classmates, I would simply state their talent for
writing and honestly give my reasoning for paying for
the trip.

Although our analysis provided insight into how
students attempted to balance care, justice, and truthfulness,
it was very difficult to determine which discourse approach
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(e.g., avoiding) the students were using as they did so. This
may be due to the fact that the nature of the computer
conferencing task was different from that of the task that
Oser has used (interviews with teachers). For example, on
the DCE students often seem to be exploring possible
courses of action they could take, rather than writing their
solution. In addition, because this is a dialogue, the students
solutions often change as they read what others suggest. It
does seem fair to say that, in general, the students initially
suggest what Oser (1991) would label Single Handed
Decision Making the teacher taking the problem into his
or her own hands without justification. It is through the
course of dialogue that students are prompted by the
questions of their peers to justify their actions and possibly
rethink their approach. A move to a Discourse I approach.

Discussion
Educational researchers have begun to acknowledge the

moral dimension of teaching and, therefore, the crucial role
teacher education must play in prospective teachers' moral
development. Peer discussion has long been believed to be
a, if not the, method of facilitating moral development.
Computer conferencing is a way to encourage peer discus-
sion of important educational issues in a non-dominated,
nonthreatening way. The analyses done is this paper
indicate that teacher educators can use computer
conferencing to aid in understanding how students are
thinking about the moral issues inherent in education.

Teacher educators can gain insight into the students'
abilities to think about what others are thinking by looking
for evidence of transacts in the students' responses. For
example, teacher educators can note whether students are
questioning others assumptions (as seen in some of the
excerpts above). When students engage in this kind of
reasoning, they are showing that they have carefully read
and reflected on what another student has written and may,
in turn, be fostering each others' moral development. In
addition, by observing how students balance justice, care,
and truthfulness in their responses we gain insight into their
approach to ethical decision making. As is clear from the
excerpts above, students are differentially concerned with
these three dimensions, which results in different proposed
solutions to the dilemmas presented.

This line of inquiry into the role of computer
conferencing in teacher education needs to be further
explored. While it may not be possible for teacher educa-
tors to analyze the responses of each preservice teacher, it is
possible to use these two approaches as a lens through
which to read the dialogue. In this way, it is possible to go
beyond what students have written, and place their re-
sponses within the larger frame of moral development. As
Oser (1991) claims, "teacher education doesn't do enough
when it leaves out preparation for responsible solution of
professional conflicts" (p. 224). By using the framework
that has been presented here, computer conferencing can
play a role not only in filling this gap, but in addition, allow
teacher educators a way to better understand the thinking of
their students.

Notes
1. See Harrington (1992) for an expanded discussion of the

DCE.
2. Dialogue 1 took place when curriculum issues were

being addressed in class. The item explained to the
students that they had just been hired as a second grade
teacher of 25 children with diverse cultural backgrounds.
The children in the class were identified as having
varying reading abilities as well (e.g., 4 spoke English as
a second language, I did not know the alphabet, 2 read
at the fourth grade level). The students were asked to
discuss how they would appmach reading instruction
and meet the individual ne.xls of the children. Dialogue
2 was entered onto the computer conference during the
component of the course when professional ethics were
addressed. This item asked students to think of them-
selves as a middle-class teacher teaching children from
very low-income families. Two children in their class
had exceptional talent and enthusiasm for language arts.
The students were to consider whether, as teachers, they
should pay for these two children to attend a camp that
specialized in creative writing.

3. The DCE is made possible with Confer II a computer
conferencing system that operates on the University's
IBM 3090 mainframe computer. See Rapaport (1991)
for a further discussion of Confer.
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Internet Activities Open
New Worlds for Educators

Sue Espinoza
East Texas State University

LeAnn McKinzie
West Texas A&M University

Computer-mediated-communication (CMC) opens a
world of information to students and educators alike.
Telecomrnunicators may discover new ideas, discuss timely
issues, and exchange limitless information for administra-
tive and instructional purposes. As computers, modems,
and other methods of connecting to the Internet become
more readily available, teachers must learn to utilize these
effectively as support for a wide variety of professional
activities. This article discusses educational applications of
telecommunications, and how Internet communications
experiences are used in both undergraduate and graduate
classes in two Colleges of Education..

Technology and Communications
We are now in what Hedrick (1993) calls "the third

great revolution of humankind: the Information
Revolution...during [which] knowledge will be the driving
force of society, and measure of wealth will be access to
that knowledge (p. 14). To prepare our students to
succeed, both in school and beyond, we must help them
learn and develop skills that will allow them to access the
information that surrounds us. Technology, one of the keys
to information and retrieval, needs to be used as a tool, not
as the focus of activities, as has previously occurred.
Hedrick contrasts these two approaches

a Ptolemaic version of the world in which the technol-
ogy was at the center and the user of that technology
adjusted to the characteristics of the
technology...[with]...a Copernican view, where the user
is at the center, and the technology is used to assist the
user. (p. 12)

Internet activities exemplify this latter view while
promoting the exploration, location, and retrieval of
information. As educators develop these skills, they
discover a world of individuals and information waiting to
provide help with every imaginable request for instructional,
administrative, and personal purposes.

Connie Stout and Tracy LaQuey (1993), in an article
that should be read by all K-12 educators, discuss advan-
tages of and barriers to Internet communications. They
explain, "Today the Internet directly connects with almost
50 countries and, through electronic mail, touches over 100.
Encompassing more than 9,000 networks, it is expected to
reach an estimated 20 million people over the next year" (p.
27). They also point out that despite the many different
obstacles that interfere with Internet access "thousands of
teachers and students make the journey [onto the Internet}
every day" (p. 26).

With society's general acceptance of information
technologies and their applications, educators must be
prepared to function in what Barron and Ivers (1993) refer
to as a "classroom without walls". The Office of Technol-
ogy Assessment (1989) explains that, inevitably, " some
[teachers] will teach on these systems, others will use them
to provide additional resources in their classrooms, and
many will receive professional education and training over
them" (p.18). Colleges of Education must take the initiative
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to help their undergraduate preservice teachers, as well as
their graduate students (who are often also full-time
teachers) acquire and utilize information gathering skills
that will open new worlds to all. However, special care
must be taken to integrate Internet activities into the
curricula of university classes, so that students learn to use
the Internet for real, rather than connived, purposes. As
they discover the value of the Internet in their own lives,
they will be more inclined to continue using it after comple-
tion of university classes.

Communications for Preservice
Teachers

The demands on teachers entering the profession are
great. "As preservice teachers leave their teacher prepara-
tion programs, they are often faced with the realities that
school districts demand they use technology, parents expect
them to use it and students want them to use it" (Novak and
Berger, 1991, p. 89). Further, their function in the school
has also changed. "Instructors do not always need to be the
disseminators of the information, they must see themselves
as the facilitators. They must be the ones that coonlinate the
body of knowledge from a variety of sources and assist the
student in their use of that information" (Patten, 1990, p.19).
The Internet application is obvious. Through effective use of
this technology, teachers can provide unlimited sources of
rich information in a learner-centered environment.

Likewise, the demands on teacher preparation institu-
tions are also great. "Teacher educators have a professional
responsibility to experiment systematically with applying
existing and emerging technologies to teacher training if
preservice teachers are to be successful in the 21st century"
(Lowe, 1993, p. 674). What will guide this experimenta-
tion? The International Society for Technology in Educa-
tion (ISTE), developed guidelines for educational comput-
ing and related technologies in teacher preparation programs
which were later adopted by the National Council for
Accreditation of Teacher Education (NCATE). The
effective use of technology in the classroom is addressed, as
well as communications and information resources (Tho-
mas, 1991). Obviously, as the informationSuperhighway
develops, programs which promote effective practices must
develop simultaneously. Mountain (1993) explains,
"Telecommunications networks are mushrooming, so
teacher-education programs need to acquaint their students
with the potentialities of the technology" (p. 43). She
describes three different joint projects between teacher
education programs and public school classrooms, where
teachers and preservice teachers have an opportunity to
acquire and develop telecommunications skills as they
interact with each other. New Internet activities are being
developed continuously.

At West Texas A&M University, communications
activities have been integrated into EDX 201, "Introduction
to Education", a one hour survey course offered one night a
week for six weeks. Not a requirement for education
majors, it is typically taken by students who are undeclared
majors seeking more information about the profession.

691

Because of the brevity of the class and the numerous field
experiences built into other education courses, field
experiences had not been a part of this course. To provide
students with a taste of what is happening in the schools,
electronic fieldwork (as described by Eskridge, 1993) was
introduced. A call for participation was put out on the
EDNET list, resulting in 17 responses. Students were then
assigned a teacher, and correspondence began.

Greetings Kyla:
I am writing from Halifax, Nova Scotia and this morning
I had to scrape the frost from the windshield of my car. I
really hate that. Other than that, the weather is pretty
good. Fall here is lovely. Cool mornings, colourful
leaves and warm during the day. Sounds like a tourism
ad???

Current issues in education were presented to the class
by cooperative learning groups. Then, in a collaborative
effort by the class, interview questions were compiled. Two
issues discussed in the interviews are illustrated below:

Kristi:
I am delighted to be interviewed by you. Any further
questions or correspondence will also be welcomed, as
you have the need in the future.
EVERY EXPERT WAS ONCE A BEGLNNER
I use cooperative learning a lot, whenever possible.
Since many of my students are learning software, I use
paired learning at the keyboard and most of my assign-
ments in class involve some sort of collaboration in
small groups. I especially like to use "jigsaw" learning
groups, where each student researches one facet of a
topic and as a group, they learn the "whole" topic.

Dear Bart,
I hope I have been of some help to you! Enjoy!
Technology...[includesj computers, modems and
telecommunicating, and of course we have television
and radio. I am currently trying to inservice the teachers
in my school about telecommunications. The students
are writing hello letters to send to other places, in this
manner, we are going to teach by example. Next year,
we expect to introduce multimedia ideas. WE do a lot of
Zap shots of events and add music to it and it becomes
video productions.

Reactions to the interview answers were discussed,
compared, and contrasted. Not only did students gain
greater understanding of the various issues, but in many
cases, realized what inclusion means in a real school.

Though the purpose of this project was to give students
greater insights into education, it ultimately fostered student/
student and student/instructor communications. Messages
like this were common:

Dear Mrs. McKinzie,
I wanted to ask you if you could find out about the
requirements for a special education teaching certificate
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to help me get a better idea of how many more classes
are required in addition to the provisional general
education requirements. I would appreciate any
information that you could give me.

As the project was winding down, one of the corre-
sponding teachers suggested we could gain further insights
by communicating with his ninth grade students. We all
thought that was a great idea and subsequently drafted an
interview dealing with issues important to students today.
The ninth grade students were very receptive and quite
candid, providing the university students with an additional
perspective on the use of telecommunications.

The activities described here only acquaint preservice
educators with the power of the Internet. Hannafin and
Savenye (1993) state that "many researchers attributed the
failure of innovations to teachers' inability to adapt their
teaching styles to maximize the potential of these innova-
tions" (p.26). Obviously, teacher preparation institutions
must also model integration of remote information sources
into effective instructional practices to prepare preservice
educators to facilitate classrooms in the information age.

Communications for Teachers/Grad
Students

At East Tex.as State University, communications
activities are included in all graduate educational computing
courses. Students use e-mail, subscribe to and participate in
discussions on lists, and find and download information
through archie, gopher, and ftp. CMC activitks have been
integrated into all of these courses, to emphasize that the
Internet is just one more tool to be utilized as an idormation
gathering source, rather than an isolated experience.

A key element, utilized in all classes, is ETECESP, a list
established for both current and former educational comput-
ing students, as well as for other interested individuals. This
list gives students an opportunity to practice large-group
online communication skills while discussing a variety of
topics. Discussion topics are assigned to each class each
week; each student must contribute to the group discussion,
sending additional personal mes tges as desired. An
unexpected bonus is the active involvement of non-class
members in these discussions; former and current students
do not hesitate to join in. A former student , after subscrib-
ing to the list, commented:

Now I will feel the necessity to answer all those
practitioners. :-) What a deal! When time allows, I can
support the students and their efforts. I have responded
to two tonight and will check daily.

Items from other lists are often forwarded to ETECESP
by the instructor as well as other pL:icipants, providing a
broader exposure to educational computing than would be
possible in any one class.

Students learn to access and redistribute information to
other students and colleagues, utilizing their Internet skills
in other (noneducational computing) courses, and providing

information (and help in obtaining it) to their classmates and
friends. Copies of all communications during the class
semester are sent to the instructor, who enjoys seeing the
interaction between current and former students, as in the
following:

Actually, Dr. Espinoza did not assign this. It is for my
facilities management class.

A former student had seen a current student's request for
information to a list (not ETECESP), and had assumed that
it was for an educational computing class, whereas it was
actually for a class in the College of Business.

One problem encountered when students drive from
distant locations to come to classes is that access to instruc-
tors is often limited to the student's time on campus.
Telecommunications allows students and instructors to send
messages (and responses) at any time. Topics range from
specific questions about class assignments, to requests for
help with specific software programs, to advisement for
course scheduling and degree plans. After class one
evening, a student sent the following:

I tried to access my message to you on tenet dealing with
the test question for the midterm, but I was unable to get
to it!! You told me to go to "f' for folders and then type
in sent-mail. After I typed in "f' and hit return, it would
not allow me to type in sent-mail. I tried highlighting
what was already there to see what I would get, and it
just took me back to my message list! Help please. I
really want to put that midterm answer in my portfolio.

This student found a return message, with complete
instructions, waiting for her in her mailbox on TENET the
next morning, and she was able to complete the desired task
with little difficulty.

The university/public school connection has continued
as these graduate students go back to their public school
classrooms and use the Internet to obtain information,
communicate with other educators, and provide learning
experiences for their students. Ease of communication
between the teachers and university faculty has facilitated
conferencing about degree plans (masters and doctoral
studies), course offerings, and a variety of educational
issues. Messages forwarded to individuals and the list
provide educators with information that can be used on the
job. The following illustrates the results of one such
message:

As a result of your alert, my school district saved $3200
when we purchased our Mac Lab this year.

One reason for integrating communications into all of
the educational computing classes is to help the graduate
students develop information seeking skills that they will
then be able to use in their schools, to help themselves and
their colleagues. The following message illustrates how one
former student is doing just that:
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I pulled a great deal from Scholastic for free software the
other day, and sent off the request today. I love all this
stuff. I also pulled a sample CNN lesson plan and sent
that out to my teachers today. The decision is theirs, but
they cannot say they were uninformed. Please know that
I grew in the summer I spent with you. I didn't neces-
sarily want to, but it has proved to be a great benefit.

Communications in the Classroom
A major obstacle to the use of communications in the

schools is access to the Internet. A recent request for
information on the electronic discussion list COSNDISC
asked existing K-12/university partnership.. where K-12
schools have access to the Internet through universities.
Numerous replies to the list (as of this writing) have
revealed at least 15 partnerships, including one in Germany.
In addition to Internet access, there must also be access to a
modem and phone line. Although all K-12 educators in
Texas are eligible to have Internet access through TENET,
the Texas Education Network, many have no modem or
phone line with which they do so. This was a major
concern expressed by 32 administrators and administrative
interns during their introduction to TENET in a graduate
summer course. However, after they explored TENET, and
discovered the wealth of information available, they were
determined to gain access. Many were able to get modems
into their schools, some into their offices, and a couple into
some classrooms. One student, an assistant principal who
had never heard of TENET before the class began, has even
provided TENET training to teachers in her building this
fall.

A student in another class began a correspondence with
an individual who answered a request she sent to a list
(based on a class assignment), leading to an exchange of
messages between classes in Texas and Alaska. While
thanking the Alaska teacher for his information, she asked,

Would some of your kids like to talk to some of the
children in the school where my son is? If you think that
might be a possibility, let me know. Also, let me tell you
where the school is and something about it

Another student contacted a former student who is now
on scholarship in Italy.

I got your letter (email) :-)
It was great I captured the text and will print it out in
hard copy form. This is great. I sent a carbon copy to
my prof at E.T. I told her one my personal goals for the
class, was to be able to communicate with you electroni-
cally from Italy. We did it!!
Let me know the best way to reference the mail, so that
the college knows it belongs to you. Congrats on
networking across the Atlantic!!

Arrangements were made for this student to communi-
cate with the students at his former school, bringing a bit of
Europe to East Texas.

A teacher (who was also taking graduate courses)
wanted a way to provide special multicultural experiences to
students in a humanities class. She designed a project in
which junior high students could communicate with
international students in her graduate class. Her introduc-
tory message (below) was followed by contact between the
two groups of students, with some fascinating questions
from each group.

This is an official welcome and I want to extend an
invitation for you to participate in a telecommunications
project with 8th grade humanities students from Cooper
Junior High school.
A group of three to four students would email question
to each of you about your country and yourself. Ideally
we would be communicating back and forth approxi-
mately two times a week. Your help in this project
would be greatly appreciated..

A graduate student who is also a high school teacher
sent the following message after TENET (the Texas
Education Network) was introduced in the beginning
educational computing class:

I appreciate you allowing us to participate on tenet. I
will be allowing my students to participate in sending
messages to various schools and persons throughout the
state and also internationally. I would appreciate any tip
you could give me concerning student messages through
my high school access.

This teacher and her students are now participating in
the Santa project, a yearl) telecommunications project
where high school students write "Santa" letters
responding to mebsages from younger students.
Yet another student wrote the author of a book she had
just read, received an answer from him, and sent this
response in reply:

BIG SMILES WITH DIMPLES to you! Thank-you for
such a quick acknowledgment of my inquiry about
developing a gifted and talented unit based on [the
author's book]. You have also made my day by letting
me know you've got a new book on the way...I will look
forward to reading it! If you need any free illusuutions, I
am also a tech illustrator in my other life...
Have fun in Australia. It's one of my favorite
places...great scuba diving...if you watch out for the
mean fish! :(

Conclusions
If we, in undergraduait and graduate teacher education

programs, are to prepare teachers to take advantage of the
many technological advances that can provide world-
opening learning experiences for themselves and their
students, it is essential that we provide training and follow-
up activities that will facilitate the use of these technologies.
As Connie Stout and Tracy LaQuey (1993) explain,

The Internet, a public network of networks ... already

Telecommunications: Preservice Use 669



connects some 10 million people in the United States and
far beyond. And it is being touted as the best available
networking infrastructure for the education community by
people who use it, providers offering services in it, and
officials who make policy concerning it. (p. 26)

This, then, is the challenge to our teacher education
institutionsto provide opportunities for current and future
educators to develop the skills that will allow them to use
the Internet to open new worlds for to their students and
themselves.
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Technology: Connecting
People and Places

Richard G. Stahlhut
University of Northern Iowa
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University faculty in colleges of education typically seek
out practi,ioners and enter classrooms only when they wish
to find placements for preservice education majors needing
exposures to children and teaching environments. Outside
of student teaching experiences, communications between
professors and classroom teachers is minimal. These
interactions are "marriages of convenience" (Smith and
Auger, 1986).

The educational landscape in public schools is con-
stantly changing. Requirements for teachers have shine
and the science on effective teaching practices has ex-
panded. Therefore, old teacher training paradigms must be
broken. Teacher Education alternatives must be encour-
aged, planned and risks must be taken by universities and
public schools if modern effective teacher training models
are to be developed. Constructing a communication system
that links practitioners and university faculty is one mecha-
nism that may assist the change process. Contractual
agreements that unite these parties can work if effecuve
communications are established and if both parties realize
benefits (Goodlad, 1987).

This paper will explain how the College of Education
(COE) at the University of Northern Iowa (UN1) created
collaborative partnerships with nine major school districts
across the state of Iowa. Goals of these partnerships were to
establish several different kinds of relationships between
practitioners and university faculty. Multiple relationships
were built, but my remarks in this manuscript will focus on
the computer network enacted and the conclusions that were
significant.

The Challenge
In the fall of 1988 the new Dean in the COE at UN]

challenged the faculty of the Office of Student Field
Experiences (OSFE) to establish collaborative partnership
agreements with the school districts where UNI student
teachers were placed. Nine regional centers were idenufied.
The Dean's vision was to create projects that would cause
practitioners to become active partners in the UNI Teacher
Education program. He wanted some umbrella activities
that all centers could put into practice, but he was also open
to project ideas that were center specific.

Projects
A computer conference system called Caucus was

already functioning in the universit:y community in 1988 lt

was new, but growing. The first umbrella project was to
expand Caucus to the off-campus centers. To implement
the project a modem equipped portable computer was linked
to the main frame computer on campus through a watts
telephone line. Professors who were Resident Coordinators
of the off-campus centers, were trained to use Caucus The
were then charged with the responsibility to Inform and train
personnel in their respective centers. For the first ume all
centers could participate in computer conferences as well as
send and receive private rressages. Personnel in centers 250
miles from campus and as far as 400 miles apart could
communicate with most offices on campus and with each
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other. No longer was "phone tag" a game Coordinators,
practitioners and student teachers were playing.

A new dimension was added to Caucus. Field based
personnel were sending messages, asking questions and
adding responses to conference discussions. Practitioners
and professors on campus were having frequent dialogue.
The practitioners valued the collaborative interaction, and
they were in positions to do something with the ideas
exchanged.

To expand practitioner participation in center operations
during 1989-1991 each Coordinator assembled a Cadre of
teachers and employed a Clinical Supervisor(s) to work
pan-time with the Coordinator. Cadre memberships varied
from 5 to 27 members and Clinical Supervisors ranged from
0 to 3 professionals. Approximately $17,000 was needed
per center to achieve this second project. A sum of $2500
was allocated to eac!.. Coordinator to support and foster
Cadre activities and $14,500 was used to purchase a
percentage of a Clinical Supervisor's contract. In the
centers these monies purchased between 30% and 50% of
the Clinical Supervisors contract. This new organizational
pattern may best be rationalized by Charles Handy in his
interview with Edgerton (1993) where he explained his
"Upside-Down Thinking" philosophy. To be a more
effective organization, Handy suggests you reduce the
professional Core (Professors) and increase the subcontrac-
tors (Clinical Supervisors) and independent contractors
(Cadre members). Handy's point was that some jobs are
short-term so you hire part-time personnel to work until the
job is complete. You do not employ more tenure track
people for these positions. COE salary savings, an Iowa
Department of Education grant for $108,000 and soft
monies from the UNI President's office created the monies
needed for this project.

Throughout the 1990-1991 academic year a third project
unfolded. Coordinators, Cadre members and Clinical
supervisors collaborated on center-specific projects. They
created newsletters, established mentor programs for student
teachers, organized seminars and local educational pro-
grams and they became familiar with Caucus and the
Teacher Education program at UNI. Off-campus center
progress was reported by the Coordinator and Clinical
Supervisor through various conferences on Caucus. Caucus
network users on and off-campus were aware of all center-
specific projects. Ideas initiated in one center soon spread
to other centers.

In the Spring of 1991 a Cadre Conference was held on
campus. Campus faculty and off-campus cadre members
hal personal interactions. Alliances formed that resulted in
joint efforts, e.g. subject mauer practitioners advised
method's faculty, professors came to Cadre member's
classrooms to see firsthand what student teachers were
experiencing and research projects were initiated.

It was apparent more collaboration was needed and
desired. For the 1992-1993 school calendars a fourth
project's goal was to obtain modem equipped computers for
all Cadre members. Today there are 125 computers off-
campus. A grant from IBM facilitated this process.
Practitioners are currently involved in 91 different confer-

ences on the Caucus network. Some conferences have
public access, some are special interest groups and some are
restricted. Practitioners use the network to serve on
University committees, to help plan conferences in specific
subject areas, to exchange ideas on effective teaching
practices and to participate in research activities. Practitio-
ners have presented papers with UNI faculty at Association
of Teacher Educators, Association of Supervision and
Curriculum Development and at other national conferences.

Future Projects
The current networking system has brought practitio-

ners, faculty, student teachers and administrators into daily
interactions that would not be possible through traditional
lines of communications. The "culture" of the UNI
conference network is still evolving. The ability to confer-
ence has brought the Dean's original vision from being
intangible to being noticeable and usable.

Currently the nine center Coordinators and the Clinical
Supervisors are making the transition from Caucus to the
Internet service. This transition will allow access to library
data base files, E-mail, telnet capabilities, statistical and
research services, and it will continue participation in
established network conferences. The Coordinators and
Clinical Supervisors will train personnel in the center so
they can also use these expanded services.

Joining the Iowa Communications Network (ICN), the
state's fiber optics transmission system, is a desirable
extension for the collaborative partnerships. The interactive
nature of fiber optics will allow teachers to conduct classes
and then dialogue about teaching techniques with students
in method's classes on campus. Bridging the gap between
theory and practice will benefit Teacher Education at UNI
(Yates, 1993). Inservice programs, graduate classes and
innovative creations by off-campus teachers are feasible
through this medium. The possibilities are excellent
because there are 103 transmission sites, plus a portable unit
operated by UNI.

Active network participants develop routines unique to
their own needs. Most users want and need a hard copy of
conference dialogues so they can ponder issues before they
respond. To facilitate this need a grant committee has been
appointed to find ways for UNI to purchase printers for each
computer we have in the off-campus locations. Students
pay $40 per semester as a computer fee. An argument for
using some of these monies off-campus should be formu-
lated.

Conclusions
The ability to connect campus faculty to field practitio-

ners has positively effected the Teacher Education program
at UNI. Classroom teachers have been a valuable resource
to teacher trainees and student teachers, they have influ-
enced university committee decisions, they have impacted
curriculum content in method's classes and the rapport
between faculty and teachers has been elevated (Stahlhut,
Hawke3, Frudden, Davis, 1990).

I have observed that when faculty and classroom
teachers talk about a specific topic in which they both have
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interest, e.g. mentoring student teachers, teacher trainee
curriculum and collaborative action research, the traditional
barriers between them disappear. Canning and Swift (1992)
agree that "Once each member develops a self-concept of
having a niche in the enterprise that is his/her own and that
is valued, discussions engender full participation and take
on a democratic tone" (p. 27).

gtudent teachers probably realized the most benefit from
this network. When you student teach the norm is to ask for
all the help you can get. Student teachers frequently
communicated with network users in and outside of the
center where they were assigned. They asked for ideas on
discipline techniques, resource materials for units and about
action research projects. Student teachers came to the
centers with network knowledge and experience. They
believed it was a natural extension for them to continue
using the network during their clinical field experience.
Because they used Caucus their cooperating teacher's
interest in it increased. Hence, the student teachers helped
practitioners become more comfortable with this communi-
cation system.

Written communications can be misinterpreted.
Network users tended to paraphrase, write brief text, use
abbreviations and could not incorporate visuals to add
clarity to their comments. Often the tone of an individual's
point could not be easily decoded. As users gained experi-
ence they found subtle ways to increase understandings of
their communications, e.g. *emphasis* and :> for a smile.
They also learned network etiquette, e.g. tolerance for
spelling and grammar and not to respond in haste to a
conference entry they could not support. Once words were
printed they could only he erased by the conference
organizer or Caucus manager.

General conferences designed for public forums were
least successful. Without specific tasks, concerns or
timelines participants from the field soon stopped making
comments. Professors continued to pontificate, often
expressing knowledge they believe to be the *truth* (:>).

One unsolvable problem has been the unwillingness of
schools to provide a dedicated telephone line to the modem
equipped computers UNI supplied. As a result, in many
situations only the cadre member in each building actually
has access to the network. Cadre members have based the
computer in their homes. Until a greater variety of services
are available on the network, e.g. entrance into library data
bases, printer access or the possibility of pupils in the public
school classrooms being given network passwords, adminis-
trators will not allocate funds to support the network.

Lack of administrative cooperation may have been a
blessing in disguise. With the computers at home, cadre
members said they had time to learn the mechanics of the
communication system. They reported having them at
home has been fun and professionally enriching. Had the
computer been at school they would not have had time to
"tinker" with them. Cadre members have gained knowl-
edge from being part of the Caucus system and have
verbalized this to their colleagues. Interest for getting the
computers into the schools has generally increased among
the faculty. Schools that incorporate the leadership plan
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known as site-based decision making tend to be more
interested in getting the computers into the schools than do
buildings that are managed by conventional administrators.

Summary
There are some definite factors that will contribute to a

computer network becoming successful. First, keep
technical information simple. Practitioners are alienated by
computer jargon. Most teachers are novices at using
computer conferences. They want technical assistance, so
creating a "User's Guide" that explains procedures and
commands has to be user friendly. Having a telephone "hot
line" consultant available from 4:00 pm - 8:00 pm who can
provide help will also reduce user anxieties.

Secondly, there must be leadership and commitment.
Someone must facilitate user needs, e.g. getting new users
registered with passwords and similar routines, making
announcements or establishing a newsletter to update users
about available network services, this person must monitor
conference interactions, he/she needs to encourage the
formation of new conferences and this individual must see
to it that equipment is repaired promptly.

Thirdly, finding ways to bring off-campus and on
campus professionals together so face-to-face conversations
are possible builds rapport. Both parties want to know with
whom they are conversing. Having colloquiums that are
hosted by the COE Dean and jointly planned by off-campus
and on campus personnel lets all the parties know how
important and valuable they are to making the network a
success.

Computer conferencing will encourage the exchange of
knowledge, ideas and opinions. Buz only if and when users
want to implement change will change occur. Computer
conferencing will not propagate change, but it can promote
it.
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"Predictions are always difficult, especially about the
future" - Neils Bohr, 1885-1962

Everywhere one turns today, there is talk of an informa-
tion revolution taking place. New technologies are going to
offer us links to the, "Information Superhighway," the
"National Data Highway," the "Electronic Frontier," to
"Cyber Space," and beyond. This message is being an-
nounced almost daily on the front pages of our newspapers,
on the covers of our magazines, and on the airwaves of our
nightly newscasts. They tell us that computer technology
and communications are going to merge to change not only
the way we gather and disseminate information, but our
very lives. And the interesting thing is that for the most part,
these messages are correct. Usually, however, what is left
out of the message is that the information revolution is not
only coining, for many of us in education, it is already here.
Telecommunications is already playing a large role in many
teacher education programs where faculty members and
their students have been traveling the electronic information
highway for several years.

Predicting the future of telecommunications in education
is already beginning to become easier than it once was.
Even if it appears somewhat fuzzy and out of focus, we can
see an outline of where we will be as the information
revolution proceeds. Currently, we struggle with such
issues as downloading binary files over a modem, accessing
an anonymous ftp server to retrieve a software file, or being
able to share a formatted word processing documents with
our colleagues across the country. Even being able to get
phone lines into classrooms has been a major obstacle. But
these inconveniences are not going to last.

Prediction Ninnber One: Information distribution via
computer networks will become simple, quick, and reliable.
Within a relatively short period of time, i.e., the next few
years, technology will advance so that any computer file,
text, sound, photo, or hypermedia, will be easily transferable
from one location to another. This is not such a bold
prediction since this can already be done at many colleges
and universities. The prediction, however, includes the
notion that transfer of any type of file from one computer to
another, will become as simple and as common as sending a
fax or using a cellular telephone. Easy-to-operate user
interfaces and high bandwidth connections will make
reliable electronic transfer of journal articles, software
applications, sound recordings, and video a normal way of
life, even for the "technophobic" among us. That is not to
say that computer networks will become simpler. Network-
ing will by necessity become more complicated, but to the
user, this technology will become simpler to operate. This
will have major implications for the field of education.

Prediction Number Two: People will be able to connect
to their computers from any location. Already, many of us
connect to computer networks from our offices, our
classrooms, and our homes. With the advent of notebook
computers, we also connect when traveling and on vacation.
Some of us use intricate maneuvers to access our office
computers when we are not at work, with varying degrees of
success. As the information revolution continues, we will
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be able to establish network links wherever we are, when-
ever we choose. People will begin to expect network
connections wherever they go, and the way we think about
computers will change from a tool we sometimes use to a
commonly accepted part of our lifestyles. Fiber optic,
ISDN, and HDTV connections will rapidly connect schools,
homes, and businesses, and service providers and policy
makers will begin to cooperate to insure that all segments of
society have access to information networks. We are
already beginning to see this in Texas with the recent
appearance of reduced telephone rates for educational
institutions.

Prediction Number Three: New telecommunications
resources will alter our social and cultural interactions. This
includes the delivery of educational material. As the
information revolution continues, we will increasingly be
conducting more of the business of daily life using telecom-
munications resources. Shopping, banking, voting, and
being entertained via an electronic connection to a computer
network will be commonplace along with hundreds of other
possibilities just now being contemplated. The implications
of the information revolution for education are likewise, just
being discussed and developed.

These predictions are an attempt to understand how
technology affects our lives and to begin focusing on the
many changes in store for us as educators and members of
an information society. Similarly, the articles in this section
help us understand where telecommunications use in
education stands today and where it is headed in the future.
It is appropriate that the fust paper in this section is Jean
Casey and Mary Ellen Vogt's, Teacher Net: The Wave of the
Future...Toward a National Network of Educators. The
article describes TeacherNet, a program developed at
California State University, Long Beach to research the
effectiveness of using telecommunications to improve
support and communications between university supervisors
and student teachers. The paper reports project accomplish-
ments and discusses future needs for technology in teacher
education.

In his paper, Larry Albertson describes the University of
Wisconsin-River Falls global vision for teacher education
which includes telecommunications projects with teachers
and students in Russia, a curriculum development project
composed of K-12 teachers and university faculty working
with colleagues worldwide, and a visiting teacher program
for teachers in 30 foreign countries.

Catherine Cullier at UMass Lowell describes a graduate
education course Advanced Educational Technology
Applications: Intermt, and discusses experience with three
alternative approaches to Internet training designed to take
educators beyond basic skills and to foster regular use of the
Internet. The three approaches: Design of Projects for
Application of Internet to the Curriculum, Focus on Internet
Resources for K-12 Subject Areas, and Use of Internet in
Support of Educational Research are part of a wealth of
information about the structure and presentation of a
telecomputing course.

Andria Troutman and Lara Kiser report on the imple-
mentation of the Learn From A Distance (LFAD) Program

at the University of South Florida. LFAD is one of the
ways in which the college is responding to the challenge of
reinventing the curriculum through the use of technology, to
build new programs for new constituents, and to find
flexible delivery systems for expanding populations with
unique needs. The long term goal of LFAD is to use
technology to provide unique curriculum experiences for
populations having diverse needs while exploring alterna-
tive methods of delivering instruction.

The next four papers describe telecomputing activities at
the University of Virginia. Bernard Robin summarizes a
research study related to Virginia's Public Education
Network (Virginia's PEN). The paper details strategies
conference moderators can employ to increase participation
in online projects. Marguerite Mason describes her efforts
in developing the Problem Solving Corner on Virginia's
PEN. This effective online resource brings together K-12
students, their teachers, preservice teachers, and graduate
students in mathematics education as an electronic commu-
nity of learners focusing on problem solving. Marie Leavitt
writes abiaut an alternative method for storing information
generated during electronic discussions on Virginia's PEN.
The purpose of the Jefferson By Topic project is to examine
and implement an approach to archiving online information.
In Utilizing Gopher Technology in an Academic Environ-
ment, Cynthia Addison describes one of a series of concur-
rent efforts taking place at the University of Virginia. This
article reports on an effort designed to provide academic and
technological leaders with exposure to the expanding range
of gopher technologies.

Presenting science education over a distance is the
subject of William Boone's paper which describes a
semester-long, fully interactive hands-on science course for
elementary teachers. The class employed two-way audio
and video between a studio at Indiana Uni..ersity-
Bloomington and three urban elementary schools in
Indianapolis over 60 miles away. Boone reports on the
results of student attitudes toward the technology as well as
discussing issues related to the delivery of this type of
instruction.

Gail Carmack's Project MentorNet, describes the
development and implementation of a project at the Science
Academy of Austin which attempts to involve community
members as online mentors for tenth grade biology students.
Students use Internet resources such as Gopher, Veronica,
ftp, and telnet to gather current background information on a
research topic and then begin a series of online interactions
with their mentors. Research projects are evaluated by
students, mentors, and teachers and anonymously posted in
a newsgroup for peer review, where other students are
invited to read the papers online and to comment on the
research.

The last article in the section is Steven Purcell's descrip-
tion of PBS Learning Link, a public television sponsored,
computer-based telecommunications and information
network developed for K-12 teachers. The project focuses
on how educators can apply technology resources to
enhance classroom instruction. At the same time, Learning
Link attempts to devlop "transparent" technology, a trend
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that is certain to increase as more technological resources
become available to teachers in all content areas.

As Mr. Bohr has stated, predicting the future is always
difficult. As we move into the future, there is no doubt
unanticipated innovations will occur and alter our percep-
tion and understanding of uses of technology in society.
However, these articles certainly provide us with the
foundation upon which we will continue to define the role
of technology in education.
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As this paper is written, ten newly credentialed teachers
are reluctantly returning the notebook computers they had at
home during their sixteen weeks of teacher training. They
all started as technology neophytes and finished their
assignment as skilled technology users. They have had
daily access to Internet and bulletin boards, the libraries of
the world, and 12,000 other California teacher educators
during their student teaching. This group brings the number
we have trained in Teacher Net to over 200 people now
using e-mail and conferencing to enhance their teaching.

Teachelet, a program developed at California State
University, Long Beach in 1989, has piloted and researched
the effectiveness of using telecommunications to improve
support and communications between university supervisors
and student teachers. The purpose of this paper is to report
project accomplishments and discuss future needs for
technology in teacher education.

Background
In 1984, the Curry School of Education at the University

of Virginia, under the leadership of Glen Bull created the
Teacher-LINK system to connect student teachers with their
university professors and improve communications among
inservice and preservice teachers. Katherine Merseth
launched her Beginning Teacher Communications Network
(BCTN), at Harvard in 1987 to provide electronic support to
beginning teachers during their critical first year. In 1989,
Teacher Net was created at California State University by
Jean Casey in order to improve the student teacher experi-
ence, increase the interaction between faculty and students,
and enrich the quality of supervision and support. In these
past nine years, we have learned a great deal about the
efficacy of using telecommunications for support.

Why is it important that they have this increased support
and access to information resources during their student
teaching experience?

First, student teaching has consistently been identified as
the most significant element in the teacher preparation
process ( Guyton and McIntyre, 1990). As preservice
teachers apply theory to practice in this intense and pro-
longed experience, all previous knowledge and skills are
synthesized and applied. It is assumed that this immersion
prepares new teachers for the realities of the classroom. Yet
nationally, new teacher retention is a serious problem: 15%
of new teachers leave the profession by the end of the first
year with another 25% leaving during the first three years.

Current efforts in increasing support for new teachers
focus on the "teacher-induction" period of the first three
years of teaching (Merseth, 1990). Other research has
concentrated on the use of telecommunications as a means
of providing support for preservice teachers (Bull, Harris,
Lloyd, Short, 1989). Whether telecommunications support
decreases new teacher attrition is unknown at this time.
However, electronic networking between preservice
teachers, university supervisors, and beginning teachers
appears to enhance the student teaching and induction
period experiences (Bull, Harris, Lloyd, Short, 1989, Casey,
1989, Casey & Roth, 1992, Merseth, 1990, McIntyre &
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Tlusty, 1993).
At present, the nature and quality of this support is being

investigated by the authors through the analysis of the e-
mail communications of two cohorts of preservice teachers
over two semesters of student teaching. Clearly evident
from initial, qualitative data analysis is the improved quality
of the student teaching experience, greater reflectivity on the
part of the preservice teachers, and their greater comfort and
expertise with technology.

Strengths of Telecommunication
Programs During Student Teaching

Through the use of telecommunications during student
teaching, the following benefits have been reported:
1. Increased reflectivity. Students in all studies reported

increased time to reflect on what they were learning,
including teaching approaches and decision making. Use
of e-mail writing helped foster probing to promote deep
understanding of teaching, to engage in a written
conversation about experiences associated with their
making meaning of teaching. (McIntyre and Tlusty,.
1993 p.18)

2. Increased feeling of rapport with and support from the
university supervisor, access to other supervisors and
university personnel.

3. Increased team support, decreased feelings of isolation.
Perhaps the most notable outcome of the e-mail ap-
proach is the immediacy with which students can
establish contact with the university supervisor or their
peers or master teacher. No longer do they have to call
for an appointment or wait until the next seminar class to
address concerns, questions, or ideas. (Moore, 1993)

4. Increased self-esteem due to mastering technology and
receiving positive support through e-mail messages,
increaSed pride from the professional documents they
could create at home.

5. Increased knowledge and use of information access and
retrieval as well as various types of technology, such as
multimedia.

6. Increased use of the computer at home for personal and
professional work and in the classroom when teaching.
Clearly, certain aspects of support that are enhanced by

on-site collaboration cannot be reproduced by an electronic
network. Compassionate looks, deep sighs, and other forms
of "body language" that often help to tell a more complete
story do not translate well on a computer screen. On the
other hand, the network offers an at-distance forum where
beginning teachers can discuss "problems" they encounter
in their daily work (Merseth, 1989). The fact that the
network is available 24 hours a day is a strength only this
technology can offer, and when combined with good on-site
support geatly improves the quality of supervision in

teacher training.

Problems of Implementation
Through the use of telecommunications during student

teaching, the following problems have been reported:
I. "Down times" of the network, when software is being

replaced or a bug has been discovered in the system, are
major deterrents once the students have become
accustomed to this method of communication.

2. Access to computer equipment. At the University of
Wiscorsin where electronic mail was used for student
teacher dialogue journals, one of the limitations in this
study was the availability of computers, with only one
computer-modem unit at each school. The researchers
reported students were often frustrated with in-school
access to the system. At California State University,
Long Beach, students are loaned computers and modems
to have in their homes and this greatly increased
reflection and communication. The problem here is the
number of computers available. With 200 student
teachers and only 15 available computers the program's
positive effect is limited to a chosen few.

3. Even if external funding is obtained for more computer
equipment, the rapidity with which the equipment
becomes obsolete is a major problem.

4. Storage and checkout procedures have been a problem in
the past. However, recently surveyed CSULB teacher
credential candidates indicate 80% of them have their
own computers. This makes the future look bright with
the possibility of expanding our TeacherNet to include
all candidates we train by simply providing modems,
public domain software, and training on use of the
network.

Transition to classrooms
A critical question posed in early research was, "Will

teachers trained with e-mail access at home become
computer using educators in their classrooms?" (Casey,
1989). In order to facilitate this transition into the classroom
this past semester, student teachers wen- required to bring a
computer with a talking word processor into their class-
room, demonstrate its use and use it with their students. By
the time these student teachers completed the program they
were skilled Internet users and were aware of how to access
information and collegial support through technologies for
their school and personal needs. Finally, they had intro-
duced the technology to their own elementary or secondary
students in the classroom thus proving their own expertise
with the technology. These student teachers were all eager
to have telecommunications in their own classrooms.
Future longitudinal studies should report if this is a lasting
effect.

Conclusions and Implications
Presently we have been using e-mail for five years. Ten

semester groups of student teachers have participated in the
TeacherNet program. Jean Casey is presently conducting a
survey of these groups to determine the long term effect of
telecommunications training during student teaching. The
fostering of a community of professionals among preservice
and inservice teachers has continued to be one of the- prime
outcomes. In California the original network had 300
educators online; today, the Computer On-line Resources in
Education (CORE) has over 12,000 educators. It is
presently being converted to a new Graphical User Interface
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Designed for Education (GUIDE). This new software will
improve the ease of use of the system. It is being developed
by the California Technology Project.

The Future of Telecommunications
Networks in Schools

Current government interest in the National Information
Infrastructure Act, (Boucher,1993) and the Technology for
Education Act, (Bingaman, Kennedy, Cochran,
Harkin,1993) highlight the importance of training educators
to become leaders in developing a coordinated national
network and producing models for integrated technology
use in the classroom. In the development of a national
network, educational functions and needs should be
addressed by educators. The graduates of Teacher Net,
Teacher-LINK, BCTN and similar programs across the
nation are trained and ready to accept this challenge. We, as
teacher educators must continue through our leadership to
expand and improve our programs and make sure that we
play a significant role in the national policy decisions being
made at this time.
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Technology Supported
Teacher Education:

Implementing a Global
Vision

Larry M. Albertson
University of Wisconsin-River Falls

My colleagues and I at the University of Wisconsin-
River Falls share a vision for teacher education that focuses
on quality, visionary leadership, collaborations, diversity,
community, intellectual growth and the total well-being of
the individual. The goal is to prepare ethical, reflective
practitioners who are empowered to provide visionary
leadership to the profession. Program characteristics
include collaborative field-based experiences, a campus-
wide commitment to teacher education, instructional
technologies and intensive regional, national and interna-
tional telecommunications-supported collaborations.

This vision differs from our current program and many
other teacher education programs in our definitions of
several of the concepts redefinitions made possible by
advances in technology. Perhaps this is best explained with
examples of how certain program elements would function.

Collaborations would take on a more significant and
powerful meaning than generally imagined, much less
practiced. First, the notion of teacher education faculty
would broaden to include selected teacher educators, master
public school teachers and arts and sciences faculty
committed to teacher education from all over the world.
While each would come from a different background, each
would respect and value others as equally important and
necessary contributors. The roles of each in preparing
teachers would be blurred. University faculty would be in
K-12 schools teaching children while K-12 teachers would
be on campus teaching university classes. Through
technology a university class in Wisconsin might observe
their professor teaching a class of young children in another
country while the visiting teacher from that country
discusses the approach to education being taken. All of the
newly defined faculty would be comfortable teaching
univeisity classes as well as K-12 classrooms in rural areas,
urban areas, and foreign countries or using contemporary
technologies to interact with multiple audiences around the
globe. Through modeling, faculty would teach aspiring
teachers that teaching is a profession in which colleagues
worldwide utilize telecommunications to work collectively,
talk about their experiences and learn from each other.

Utilizing telecommunications these faculty, along with
teacher education students, would simultaneously engage in
the study of the learning and teaching process. Applied
research projects would be an ongoing activity that invigo-
rates the K-12 schools and the unis.'ersity. Collaboratively
these faculty would share, through publications and
presentations including electronic journals and bulletin
boards, the results of their work and apply it to improve
their practices.

Technology Supported Projects
Ways in which we use technology to support activities

at the University of Wisconsin-River Falls that move us
toward this vision of a telecommunications supported,

lobal teacher education program include the following:

Telecommunications Project
Twenty-five F.-12 teachers frorr our area and their

classrooms are linked with (cachets and students in Russia.
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Using e-mail through an 800 number at the university, the
participating U. S. classrooms have jointly completed
projects with their matched classrooms in Russia that have
included collaborative newsletter writing assignments,
cooperatively written creative stories, language exchange,
comparative physics experiments, general science projects,
children's opera using folk tales and social studies activities.
The linkages with Russia began four years ago, and several
student and teacher exchanges and visits have occurred from
both countries. We are adding other countries to the project
and expanding to three- and four-way linkages.

Curriculum Development Project
Funded by Ameritech, the focus of this project is to

develop curriculum materials that will empower K-12
teachers to implement telecommunications-supported
project-based learning to enhance higher level thinking
skills. We are developing a coordinated teacher preparation
curriculum that will teach preservice and inservice teachers
to implement telecommunications projects using the K-12
curriculum. We are establishing a technology support
center on the River Falls campus to support teachers using
the curriculum. The project team is composed of K-I2
teachers and university faculty working with colleagues
worldwide in telecommunications projects.

Kaliningrad Collaboration
An exchange project with Kaliningrad, Russia that is

increasingly relying on technology has resulted in wide-
spread regional support because of exciting outcomes such
as the following:

Three visits to Russia. by a total of 71 River Falls area
professors, K-12 teachers and K-12 students including a
be:and-the-scenes look at the technology of the Space
Centre in Kaliningrad.
Three visits to our region by a total of 109 Russian
business and civic leaders, K-12 administrators, teachers
and students.
Meetings of Wisconsin and Minnesota businesses with
Russian business and civic leaders focusing on computer
technology.
Follow-up trips by several businesses to Russia.
An exchange of over 100 educational computer pro-
grams.
Linking of several Kaliningrad teachers with our
telecommunications project.

Visiting Teacher Program
This program coordinates summer teaching opportuni-

ties for teachers in 30 foreign countries. Last year 50
teachers were placed in 18 countries. Overall over 1100
teachers have been placed in 30 countries. Technology has

great enhanced the quality of support and follow-up for

this program.

Overseas Student Teaching
This program, which is supported by telecommunica-

tions, provides overseas student teaching experiences for

students. Last year 24 students were placed in eight
countries. Overall 720 student teachers have been placed in

ten countries.

Course infusion
To assure technological literacy on the part of our

students we have developed an infusion model whereby the
appropriate use of instructional technologies is incorporated
into the entire sequence of the educational curriculum from
educational psychology to methods and student teaching.
We have been making progress in this infusion tur the oast
three years. This year ten faculty members are engaged in
special projects and development activities that will result in
technology infusion in more than twelve courses and in
collaborative projects with other professors or K-12
teachers.

New Directions
New projects recently initiated or in development

include the following:

Telecommunications Supported Distance
Education Courses

Faculty from UW-River Falls and UW-Stout will
collaboratively develop a teleconference course with a
primary delivery of one-way video/two-way audio also
supported by other telecommunications and print media
including Wondernet, audiographics, electronic mail,
eleczonic bulletin boards, and international networks. The
specific supporting media will be selected by the team based
on student learning styles, available technologies and
instructor preferences. Ongoing support that includes
electronic mail and bulletin boards and electronic databases
such as Peacenet and Delphi is being established. Based on
their experiences, this team will then develop a teleconfer-
ence course to teach faculty and K-12 teachers to develop
telecommunications supported teleconference courses.

Faculty/K-12 Teacher Collaborative Projects
Faculty members who have identified specific projects

they would like to pursue with a K-12 colleague are linked
with teachers who express an interest in a faculty member's
project.

Restructuring Classrooms With Technology
We are preparing to offer a conference and courses that

focus on restructuring classrooms and schools using
technology to globalize and expand the resources available
to the classroom teacher.

Faculty and K-12 Teacher lnservice Plan
Because of the demand and varying levels of technology

expertise we have developed a plan to provide inservice
education opportunities for our faculty and K-12 teachers.
One important aspect of this plan is the servicing of both
groups with the same activities to continue our efforts
toward increasing collegiality, collaboration and shared
responsibility among university faculty and K-12 teachers.

Support For Technology Based Projects
Resources to support the escalating interest in technol-

ogy by faculty and K-12 teachers continues to be a major
problem. Much of what has taken place to date is due to the
commitment and work of some dedicated individuals and to
the sharing of responsibilities and resources among many K-
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12 school districts and the university as well as our overseas
colleagues. On campus we have used reallocations and
grants to provide minimal support. As we work to secure
additional resources, I have to pause and take great pride in
my colleagues who have done and continue to do so much
with such limited support.

Current and future changes in technology and an
increasing receptivity to using technology will offer us
numerous oppcitunities to move toward this vision of a
technology supported global teacher education program.

Larry Albertson is Dean, College of Education, University
of Wisconsin-River Falls, River Falls, WI 54022
e-mail:larry.m.albertson@uwrfedu
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Beyond Telnet:
Approaches to Internet

Training for Teachers

Catherine Collier
University of Massachusetts, Lowell

During the winter and spring of 1993, teachers and
educational researchers in eastern Massachusetts enrolled in
a variety of basic-skills workshops on Internet. Electronic
mail, Telnet, and FTP training did not completely meet the
needs for educators. Participants were frustrated by
primitive interfaces, inconsistent responses, and non-robust
services. Educ._Lors who persisted in using Internet became
interested in integrating the resources and the communica-
tions medium into the curriculum. They looked for further
opportunities for training and expressed interest in collabo-
rating with other educators to enhance their Internet
experience.

In the summer of 1993. University of Massachusetts at
Lowell (UML) offered a 3-credit graduate education course
"Advanced Educational Technology Applications: Internet"
(03.654). The experience gave rise to other Internet
workshops and classes, specifically for educators, to
integrate Internet with the curriculum and to use Internet in
support of educational research. This paper discusses
experience with three alternative approaches to Internet
training, all of them designed to take educators beyond basic
skills and to foster regular use of Internet. The three
approaches were:

Design of projects for application of Internet to the
curriculum
Focus on Internet resources for K-12 subject areas
Use of Internet in support of educational research

The three types of Internet training were implemented
through University of Massachusetts Lowell (UML) and the
Merrimack Education Center (MEC) during the Summer
and Fall of 1993. Participants included classroom teachers
from elementary, secondary, and higher education; library/
media specialists; computer coordinators; technology
consultants; and preservice teachers.

Strengths and weaknesses of each approach are dis-
cussed, along with plans for new and improved training.
Central themes are how the training helped inexperienced
users deal with the unfriendliness of Internet; teacher
response to the wealth of material on Internet; involving
teachers with Internet in support of their professional role;
and striking a balance between realistic assessment of the
difficulties surrounding student use of Internet and excite-
ment about the benefits to the curriculum.

Project-focus Training
The 3-credit graduate course "Adv-nced Educational

Technology Applications: the Internet' (03.654) was
designed by Professor John LeBaron to expose students to
Internet resources, to develop skills for Internet navigation,
to promote collaborative use of networking by educators,
and to develop a project that integrated the Internet with the
curriculum. Projects could be designed to support teachers
or other staff or to be used with students in the classroom.

Summer technology courses at the UML College of
Education are often under-subscribed. It was anticipated
that 6-8 persons would register for the Internet course.
When it became apparent that more than 12 students had
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registered, efforts wzre made to limit enrollment to 12 and
add a second session. In all, 27 students participated in
two back-to-back sessions of the course in July and
August 1993.

Students were given accounts on the ACC VAX for
use as long as they are students at UML. Accounts use
DCL-level VMS commands. A Gopher client became
available during the Summer 1993 and the LIBS/Sonoma
program also became available. The computer lab at the
University of Massachusetts at Lowell (UML) College of
Education has six Macintosh LC H's each running NCSA
Telnet, Turbo Gopher and Fetch.

The first section of the course included several very
experienced computer- and network-users. These
individuals contributed peer teaching and challenged the
class with sophisticated ideas. Participants in the first
session were generally more adventuresome. For ex-
ample, they jumped ahead with Turbo Gopher before the
syllabus introduced Gopher, and they experimented with
FTP resources in preparing their annotated bibliographies.
The second section had less experienced users, tended to
follow the syllabus exactly, and needed explicit instruction
to link the skills discussed in the reading to their explora-
tion. The second session of the course made less use of
outside speakers, in favor of hands-on Internet use.

Participants had three small-group assignments: first
to propose an Internet-based project that met a curriculum
need; second, to produce an annotated bibliography of
Internet resources that supported the project; and a final
project that could be taken back to the participant's school.
Final projects were expected to integrate the course
reading, to address a real or likely curriculum problem, to
incorporate good project methodology, to incorporate
participants' expertise with instructional design and
materials development, and to show evidence of using
multiple Internet tools (Mail, Listservs, Gopher, L1BS/
Sonoma, Telnet, and FTP).

Participants in both sections experienced two days of
panic during the first week of the course while they
prepared their bibliographies. However, they quickly
learned to find alternate means to locate resources when
services or particular nodes were down. Collaboration in
small groups created synergy that resulted in wide-ranging
exploration and adaptation of goals in line with actual
resources found on the network.

The final projects were mostly high quality. Topics
included:

Compilation of a K-8 resource catalog for ecology-
related materials on Internet.
Student-centered project for an urban classroom and a
rural classroom to jointly explore their lifestyles and
those of students in other countries.
Feasibility of using Internet as resource base for a
state-of-the-art multimedia course.

The search strategies students employed were creative
and successful. The emphasis on sharing made for liberal
exchange of ideas and resources among project teams.
The pace of the course was a common complaint in course

evaluations. Meeting every day for two weeks did not allow
time to reflect on or absorb the material. Students expressed
preference for 2-3 sessions per week over a regular six-
week summer session.

From the instructors' point of view, the course offered a
coherent experience for participants, developing basic skills,
fostering creative and successful search strategies among
participants, and resulting in high-quality projects that could
be taken back to participants schools for implementation.
At the conclusion of the course, participants requested
follow-on activities. Some expressed interest in an ad-
vanced course for those using Internet in the classroom.
Some wanted a mechanism for sharing successful practices.

Three-Day Project Workshop
A variation on the 3-credit cour,e was given through

Merrimack Education Center (MEC) in the Fall 1993.
MEC, based in Chelmsford, MA, is an educational research
center which operates several educational networks in New
England. The Internet host is a VAX running VMS.
Accounts use the All-in-One interface customized for
indi-ddual networks. Services include electronic mail,
group conferencing, archiving of popular Listservs, local
educational databases, an education-focused Gopher, and
general Internet access through Telnet, FTP, LIES/Sonoma,
and other tools. The training facility for the 3-Saturday
Project Workshop was a roomy lab with 12 Mac LC HI' s
and a file server networked via 56KB line to the Internet
host.

The cost for the workshop was less than half the usual
cost for a 3-credit course at a public institution of higher
education. The Internet Project Workshop was held on
three successive Saturdays in the Fall, full day sessions that
aimed at producing a project that could be taken into the
classroom or used in support of curriculum development
activities in the participant's school district.

None of the participants had Internet accounts of their
own and none had experience with Internet other than
demos. Fortunately, the small class size and the enthusiasm
of the participants helped them climb the steep learning
curve. Participants unanimously agreed that learning to
transfer software and decode/decompress it for use in their
schools was their highest priority. They succeeded in
learning FTP and Kermit and in applying Bin Hex and
UnStufflt, and each took home multiple shareware packages
and Internet documents for dissemination to others in their
districts.

The intense focus on shareware left little time for
exploring project ideas or discussing project methodology.
The experience pointed out the need for teacher instruction
on obtaining shareware from the network, along with virus-
protection issues, copyright issues, and software evaluation
and integration concerns. As a result, a workshop devoted
to "Shareware on the Internet" is in development for
computer coordinators, media specialists, and other
technology leaders in K-12.

The experience also suggested that for a shortened
workshop to result in well-formed projects, participants
would need prerequisite experience with a variety of

684 Technology and Teacher Education Annual 1994

7 !.



Internet tools and would need to be actively involved in
using the network for activities like electronic mail and
conferencing.

One-day Subject-specific Workshops
A series of subject-specific "Internet in the Curriculum"

workshops were planned through the Merrimack Education
Center (MEC) for Fall and Winter 1993-94. The curriculum
workshops were developed for four areas of the curriculum:
Math/Science, Language Arts, Library/Media, and Social
Studies. Participants were required to have Internet
:.-.xperience. The one-day workshops focused on Internet
resources for their subject area, projects currently operating,
models and themes for new projects in the subject area,
strategies for finding materials, and strategies and obstacles
for involving students in Internet-related activities. The
Library/Media workshop assumed that attendees would act
as technology leaders in their districts, and so materials and
strmegies for staff development were featured, along with
search strategies and reference materials.

About half of the workshop time was planned for hand-
on exploration of Internet resources. Participants were
expected to critique the resources they explored and share
them with the class. Along with developing skills and
awareness of resources and project opportunities, it was
hoped that participants would develop a collaborative
relationship with others in the class, follow through with
development ideas, and share their successes with one
another.

A pilot for the workshop was given as part of an
Inservice Day in Southern New Hampshire. Foreign
language teachers from four school districts gathered for a
4.5 hour session on "Internet in the Foreign Language
Curriculum." Opportunities for pen pals, library searches in
other languages and cultures, Gopher exploration in other
countries, and other foreign language materials were
demonstrated. Small groups brainstormed an Internet-
related activity for their students. The activities they
proposed were realistic.

One drawback to the subject-specific approach to
Internet in the Curriculum is that it may preempt multidisci-
plinary efforts. It also requires the instructor to explore
resources in depth for each strand. It is hoped that as this
type of training continues, more classroom teachers with
Internet expertise will take an active role in shaping the
workshops.

Research-focus Training
A series of no-cost classes were offered at the IJML

College of Education during the Fall semester as an
experiment in Irternet training to support student and
faculty research. Because there was no credit involved, it
was unrealistic to expect participants to make a commitment
for all five sessions or to do assignments between sessions.
There were no prerequisites.

The two-hour sessions were offered on Saturday
mornings in September and October. Contents of the
session were:
1. Libraries on the Internet

2. Journals on the Internet
3. Work in Progress
4. Databases and Reference Works
5. Internet Access From Home

It was anticipated that fewer than 10 participants would
come to the sessions on Saturday mornings. Nineteen
students and faculty came for the first session. The number
of participants dropped to 12-15 for subsequent sessions.
Eight students consistently attended four or five of the
sessions.

For the first session, students practiced formulating
search strategies on UML's online public access catalogue
and then applied the same strategies for Boston Libram
Consortium libraries. Motivations for seareling distant or
foreign libraries were discussed, and panic ,pants chose non-
local libraries to explore through TurboGopher or LIBS/
Sonoma. As with other sessions, the Int,,rnet resources
were presented in the context of educational research
activities.

The most popular tool for participants throughout the
sessions was TurboGopher, and the most popular resource
was the ERIC database. Many participants, including
novices, found documents relevant to their research, and
their success motivated them to explore additional re-
sources. Highest hit rates were in the AskERIC resources.
the ERIC databases, and various education Gophers, such as
Armadillo and CoSN. Those preparing grants were drawn
to OERI, NSF, and other sources of gram information.

I Taing TurboGopher and other relatively friendly tools
wrz a deliberate attempt to get students using Imernet
wittmt requiring them to deal with VMS or command-level
Inteinet access commands. Since tools like TurboGopher
and Fetch are available in the College of Education com-
puter lab, participants have ready access to them while on
campus.

One clear lesson from the Internet classes for research-
ers is that search skills and familiarity with online informa-
tion resources are not necessarily well developed among
graduate students. Classes needed to address Boolean
searching, the nature of journal article databases, how to
access the full text of ERIC documents and journal articles.
and other search skills.

Discussion
Several lessons were learned from the Internet training

experiences. First, human networking is a key element of
successful use of the Internet by educators. Human
networking is an important component of search strategies
for locating or even knowing about new resources. Collabo-
ration is important in the generation of ideas for Internet-
based activities in the classroom and in staff development
Collaboration also contributes to the development of
realistic projects and, we can reasonably assume, lends
support during implementation, and is a factor in evaluation
and dissemination of ideas following implementation.

Strategies for involving educators in use of Internet must
get users past the basic skills and past the unfriendliness of
Internet. The primitive tools available to most users at this

Telecommunications: Graduate, Inservice & Faculty Use 685



stage command-level Telnet and FTP are non-
intuitive and cryptic in the error messages they generate.
While Gopher and L1BS/Sonoma are a step up in their
menu-based interfaces, they still rely on non-robust
services that can hang or mysteriously quit in the middle
of operations.

One strategy for keeping users going is to use point-
and-click tools and demos that expose them to the wealth
of resources on Internet before requiring them to learn the
details of basic tools. Exploration with Turbo Gopher
early in training can give users successful experience with
the resources on the Internet that are relevant to their
interests. In this exploration, Veronica, WAIS, and Archie
are helpful tools, as are the collections of library resources
and popular FTP sites. LIBS/Sonoma is another good
introduction to library resources and databases. Fetch is a
helpful introduction to the power of FIT, since it auto-
matically handles decoding and decompression. Once
users have had success with fmding Internet resources and
getting them in-hand for re-use, they are more receptive to
learning the details and steps involved in dialing into an
Internet host and using command-level Internet access
tools. A surprising number of users, once they have seen
what is available, are willing to search for shareware from
home, initiate a file transfer, use Kermit to pull the
resource onto their Mac or PC, even if it will take hours,
then decode and decompress it.

Those who want to usc lorternet in the classroom and
those who will do staff development in Internet in their
schools express concern about the interfaces their students
and fellow teachers will have available to them. Their
struggle with learning primitive tools has made them
cautious about trying to teach basic skills without point-
and-click tools and fast connections. For many, the
solution, until more sophisticated tools are widely
available, is to limit the skills they teach to one or two
tools, such as electronic mail and Gopher or LIBS/
Sonoma.

One aspect of Internet can be viewed as a negative or a
positive, depending on how it is presented. The dynamic
nature of Internet and the proliferation of resources can be
overwhelming to new users. The instructor can turn this
around to engender excitement in the ever-increasing
resources. New services become available on any given
week, and the instructor can feature new resources as a
warm-up activity. Other opportunities for welcoming the
changes on the Internet include having researchers look
for dissertations in their area of interest and discussing
what it will take for more dissertations to be available
online. That discussion can take into account the ongoing
conversations among researchers and the growth of
electronic journals and gopher sites that make research
findings available in a timely way.

Problems in classroom access abound in eastern
Massachusetts, where few schools are networked and it is
a major battle to get a telephone line into a classroom.
Teachers who are enthusiastic about using Internet are not
willing to wait for the development of the Information
SuperHighway or even a statewide network that reaches

into their classrooms, although they see these as ultimate
goals. They want access for their students and fellow
teachers as soon as possible, both for the many e ources
unavailable elsewhere and for the worldwide communica-
tions opportunities.

Further training is being planned at this time, taking into
account the lessons learned and the demand that has arisen
as a result of the training discussed here. A workshop on
"Shareware on the Internet" is in development, which
addresses locating and transferring shareware, along with
virus-protection, copyright, software evaluation and
integration, and other key issues related to educational
software. Another 3-credit summer course for graduate
teachers will include the shareware segment and will take
advantage of the growing body of infusion ideas and
successful Internet practices. The three-Saturday workshop
will be offered again with more stringent prerequisites.
Greater emphasis will be placed on collaboration following
the workshops and courses, through use of electronic mail
and discussion groups. The author will continue this
research by surveying participants in the Summer and Fall
training in regard to their continuing use of the Internet,
their experiences using Internet in the classroom or with
their colleagues, and their follow-on training needs.
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Diversifying Instructional
Delivery: Design and
Implementation of a

Distance Learning
rogram Using

Telecommunications

Andria Price Troutman
University of South Florida

Lara Kiser
University of South Florida

The purpose of this paper is to report on the implemen-
tation of the Learn From A Distance (LFAD) Program,
sponsored by the College of Education., University of South
Florida. LFAD is one of the ways in which the college is
responding to the changing needs of the program and the
students it serves. Our college, like many other colleges
throughout the nation, is under pressure to increase the
effectiveness and expand the delivery of curriculum while
increasing FTE. It is called upon to improve or even
reinvent curriculum through the use of technology, to build
new programs for new constituents who have evolved out of
the advancement of technology, and to find flexible delivery
systems for expanding populations with unique needs
single parents, full time employees, and students who live
too far to commute. The long term goal of LFAD is to use
technology to provide unique curriculum experiences for
populations having diverse needs while exploring alterna-
tive delivery methods.

Development of the Learn From A
Distance Program

The Learn From A Distance Program is in its third year
of operation. It was made possible in 1991 when the Florida
Information Resource Network (FIRN) offered electronic
mail (FIRNMAIL) at no cost to public educators in the
state. Until then, there was no economically feasible way
for the college to support course offerings through
telecommunications. FIRN is funded by the Florida
Department of Education and was founded in 1982,
primarily to meet the administrative needs of the school
districts.

The pilot course for the LFAD program was offered in
the spring of 1991. This course, Microcomputers in
Education, was a regularly scheduled course in the Instruc-
tional Technology Master's Degree program. It was chosen
as the experimental course because it met several criteria:
I) The course appeared to be easily adapted to a LFAD
format (e.g., a course that could be effectively .elivered via
telecommunication). 2) It was an introductory course that
would have broad appeal to educators in a number of
content areas. 3) It would apply to teacher recertification in
all areas specified by the Florida Teacher Certification
Program. 4) Most importantly, there were many educators
in the state who had learned, by their own initiative, a
considerable amount about technology and had, to varying
degrees, infused technology into their own professional
environments. Many did not have local support systems
and often their efforts went unrecognized and unrewarded
by supervisors and peers who had little knowledge of the
computer technology and applications available for educa-
tion.

Through evaluation activities, the LFAD staff identified
a set of standard procedures for implementing courses and
expanded the course offerings. Currently, LFAD offers six
courses from the Instructional Technology Master's
Program:
Basic Tools. This course is an introduction to the use of
high level programming languages to collect and manipulate
research data in education.
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Enhancing Instruction. This course is a contract
course in which the learner completes a substantial
project integrating technology into their professional
environment.

Programming Languages for Education. This
course is used to offer a range of programming languages
that have professional application for the learner.
Offerings include Hyperscripting, Linkway and Pascal.
Microcomputers in Education. This course is a
survey course designed to introduce practicing teachers
to microcomputer technology and its function in the
classroom to augment the teaching and learning pro-
cesses. Topics include word processing, spreadsheets,

database, videodisc, and software evaluation.

Microcomputers for School Management. This
course provides information and skills necessary for
administrators and teachers to effectively use the
microcomputer and application software in more
efficient ways to manage information.

Telecommunications in Education. This course
emphasizes the ,Ioncepts, strategies, and materials need
for using telecommunications in the management and
enhancement of inszuction. Topics include FIRN
(Florida Information Resource Network), Internet, file
transfers, electronic databases, uses of telecommunica-
tions in the classroom, and ethical and legal issues in
telecommunications.

A General Scheme For Operations
A great deal of time was committed to the develop-

ment of a general scheme for operations. We felt that this
investment of time would be beneficial in expanding the
LFAD Program. With the following major components
identified, defined, and standardized, the LFAD staff
hopes to work with all departments in the College of
Education to expand the course offerings into other areas
of the curriculum. See figure 1.

Recruitment
Several techniques are used to recruit students. Each

semester, a general brochure is updated to include current
LFAD offerings. This brochure is distributed by Instruc-
tional Technology and LFAD staff at conferences and by
several FIRN personnel at workshops. It is also sent as
part of an information packet to media specialists, school
computer technologists, staff development personnel for
school systems in the state, and individuals on the LFAD
mailing list. The information packet contains the bro-
chure, course descriptions, answers to frequently asked
questions, and an application form. Individuals requesting
more information about the LFAD program are sent the
information packet and automatically added to the LFAD
mailing list. In addition to mailings, a notice and descrip-
tion of the program and course offerings are posted on a
FIRN bulletin board and in several Internet news groups
each semester.

Registration
Registration involves two components: 1) establishing

criteria for acceptance into a LFAD course and 2)

LFAD

GENERAL SCHEME FOR OPERATIONS

Staff, Space
& Equipment

Recruitment

Registration

Instructional Delivery

Contract Courses

Instructional
Design

Structured Courses

Evaluation

Figure 1. LFAD General Scheme for operations.
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establishing a registration process.

Criteria. Criteria for acceptance into a LFAD course have
been identified. Individuals must have basic computer
skills, be self-motivated, and have continuous access to a
computer with a modem. To apply for enrollment in a
course, individuals complete the form that is included in the
information packet. This includes a signed statement
indicating that the learner has appropriate equipment and
basic knowledge of computer operation.. They also write a
brief autobiography that describes their personal and
professional background and goals. If accepted into a
LFAD course, they are sent a registration packet.

Registration. Establishing a registration process is more
complicated then it may appear on the surface. We studied
the policies at our institution and worked closely with the
appropriate personnel to prevent possible complications.
Each institution has unique policies that affect the registra-
tion process; often, there may be several methods of
registration to explore before finding the system that works
best.

Delivery of Instruction
An orientation meeting is scheduled on campus each

semester for LFAD participants. This conference-type
meeting is very effective in terms of acquainting individual
students and the LFAD staff with one another, providing
course orientation, answering questions, generating
enthusiasm for the program, and reducing anxiety for
students who may be apprehensive about distance learning.
General orientation, course descriptions and opportunities
for social interaction are provided for the entire group, after
which special small sessions are held to provide orientation
for specific courses.

A final on-campus meeting is scheduled so that partici-
pants can demonstrate projects, turn in materials they have
completed, take final exams, participate in sharing experi-
ences, and complete course evaluation activities.

All other learning experiences are implemented at the
learner's site. Learning experiences involve a range of
activities consisting of structured assignments, independent
projects, or online sessions with other individuals or groups.
Based on data collected during course delivery, special on-
campus sessions are planned for students who are experi-
encing difficulty or have other specal needs.

Instructional Design Of Courses
The instructional design of each course is implemented

in one of two ways: a contract course or a structured course.
A contract course is one that is initiated by the learner. The
learner designs a substantial project or product that meets
criteria that have been established by the Instructional
Technology Program. This project is accepted or rejected
on the basis of feasibility, importance, and compliance with
the established criteria. If accepted, the student enters into a
contract with the LFAD program to complete the course
within the semester with the understanding that no grade of
incomplete can be given. Over the last three years, several

exemplary projects have been completed. For example:
1) One learner worked with architects to plan the

technology for a special education school. She was
involved with the planning and purchasing of the
equipment, software and furniture and made decisions
on placement and networking options. Her final paper
shared her experiences, successes, and frustrations for
others to use as a guideline.

2) A junior college instructor developed a user-friendly
DOS manual and tutorial to be used for instruction. Two
years later, they are still using the manual at the junior
college, and with the learner's permission, several
portions of it have been adapted for use in our on-
campus undergraduate Introduction to Computers in
Education course.

3) A fifth grade teacher organized several classrooms
throughout the state to participate in a unit on Florida
Indians. The classes shared daily experiences via
telecommunications with each other and with anthro-
pologists working in the field.

A structured course is one in which the LFAD staff have
developed a specific set of course guidelines, expectations,
and materials. The instructional design for structured
courses consists of three important components: 1) Course
Material Packet; 2) Course Project; and 3) Personal
Resource Packet. The Course Material Packet contains
instructional experiences that the learner completes in order
to fulfill the requirements of the course. The Course Project
is a project designed and created by individual learners to
apply what has been covered in the Course Packet to their
professional environment. Suggestions and guidelines are
provided that help learners complete individual projects.
The Personal Resource Packet is a set of materials that the
learner constructs to document the fulfillment of course
requirements. It a. a serves as a resource for use in the
learners' professional work or study.

Course Material Packet
The Course Material Packet consists of activities, each

of which contains the following elements:
1) Learning objectives. These are statements that indicate

skills or concepts to be acquired or products to be
created.

2) Resources needed. This is a list of materials, readings,
software programs, disk text files, or equipment needed
for completing the activity.

3) Assignments for completing learning objectives. This is
a set of directions for completing an activity. Certain
assignments require immediate feedback. These
assignments are sent to the LFAD office via e-mail for
assessment and feedback. Other assignments are
completed as exercises or as a resource for the learner.
For example, a learner may be required to use a spell
checker, a thesaurus, or an online encyclopedia to
complete a document. The learner may or may not be
required to send in the assignment, depending on its
content. However, all assignments are documented in
the Personal Resource Packet.
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4) Timelines. This is a set of suggested time periods for
completing each activity.

5) Checklists. This is a checklist that tracks progress in an
activity. They serve two purposes: a) They confirm for
the learners that they have completed all the assignments
for an activity and b) As the checklists are completed,
the learners send them to the LFAD office for statistical
interpretation. They provide the LFAD staff with
information regarding gxoup progress as well as
individual progress. This information is used to pinpoint
specific problems, improve instructional materials, and
to improve general course operation. For example,
figure 2 shows which activities had been completed by
students as of November 2nd, in the Telecommunica-
tions in Education class, Fall 1993.

6) Self tests. This is a set of materials that allow learners to
evaluate their acquisition of the learning objectives.

7) Course Survey. This is an instrument that allows the
learner to express their opinion concerning the effective-
ness of each activity. It contains a rating scale and a few
free-response items for each activity. The survey is
completed as learners finish each lesson and is returned
anonymously to the LFAD office at the end of the
course.

Mastery of Learning Objectives
Grades are awarded based on the quality of and timely

completion of course assignments, projects, and final
presentations. Learners have many opportunities to redo
assignments, responding to feedback received from other
LFAD students and the LFAD staff. Course work must be
completed, however, within the semester of enrollment.
There is no provision for students who cannot complete
course work within the time allotted except in extraordinary
circumstances.

Evaluation
Evaluations of the effectiveness of LFAD courses are

done at the end of each semester. The most important tool
in our evaluation process is the Course Survey completed by
the learners. Many LFAD students have suggested excel-
lent changes or new additions to the course materials. The
LFAD staff provides observations of the difficulties
encountered by learners and compiles statistical informa-
tion. The staff meets with the professor of record to discuss
the evaluations and revise the course materials.

Staffing, Space, and Equipment
The success of the LFAD program at the College of

Education, University of South Florida is directly related to
special considerations for staffing. A differentiated staffing
technique was used to develop staff positions and descrip-
tions. This consisted of the master teacher concept in which
a variety of assistant teaching levels were identified to
support instruction at several different layers.

Staffing
The staff positions for the program include:

Professor of Record. This person is responsible for

specifying the content of the course, overseeing the develop-
ment of course design, and resolving major conflicts that
occur during the implementation of a course. Once a course
has been developed, the service of this faculty member is
greatly reduced.

Program/Course Administrator. As Course Adminis-
trator, this person is responsible for the day-to-day operation
of a course or several courses. This person works closely
with the professor of record and writes and revises course
material, answers routine correspondence, evaluates the
completion of routine assignments, and trouble shoots. As
Program Administrator, this person is also responsible for
the planning and operation of the program as a whole,
including developing and refining recruiting and registering
procedures, preparing mailings, offering workshops, and
handling university paperwork, etc. As the LFAD program
grows, we anticipate having several Course Administrators
working under the supervision of the Program Administra-
tor.

Instructional Assistant/Clerical Assistant. This person
assists the Program Administrator in the day-to-day
operations of the courses, handing information requests,
filing, word processing, maintaining databases, and
organizing statistical information. Generally, this is a part-
time position filled by graduate assistants or students.

Several important outcomes result from using the
differentiated staffing techniques and the master teacher
concept. An infrastructure is created that encourages
cooperative team building and produces an environment in
which staff at early stages of development can grow while
performing important functions. The professor resource is
preserved for the most essential instructional functions or
tasks. Resources are maximized, learning opportunities are
consistent, and the program is not dependent on the abilities
or availability of one professor.

Space and Equipment
To develop the infrastructure necessary to make the

program successful, staff should be in a central location and
should be fully committed to the program. Also, it is
extremely important that staff have their own equipment:
sharing people, resources, or equipment with other areas can
interfere with the operation of the program.

Summary of Outcomes, Limitations, and
Plans for the Future

Learn From A Distance is a low-cost system that does
not depend on real-time video of elaborate multimedia
presentations. Our program fills an important niche for a
population that was not served prior to the establishment of
LFAD. While attracting learners who are not part of a
degree seeking program at the University of South Florida,
LFAD has motivated many of them to apply for enrollment
in the Instruction Technology doctoral and masters pro-
grams. Although our program is small, enrollment is
increasing.
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We hope to expand the LFAD course offerings to
include graduate courses from other programs. As of this
paper, LFAD courses are being considered by the English
Education, Adult and Vocational Education, Business
Education, and Mathematics Education Departments. We
would also like to attract learners from outside the state of
Florida who would take the courses via the Internet. While
there are difficulties to offering courses over the Internet,
such as out-of-state tuition requirements and the number of
potential learners who have access to the Internet, we
believe the opportunities are exciting and worth exploring.

Another limitation to LFAD's ability to attract students
is that we cannot accommodate naive learners who have no
computer skills. We would like to encourage all educators
to explore technology and how they can integrate it into
their professional environment. Unfortunately, it is
imperative that LFAD students possess a degree of com-
puter skill.

We also recognize that there are many courses that we
cannot hope to deliver because of their nature. For example,
a Special Education course requiring experience in the field
would be difficult to deliver via telecommunications. As
would a course, such as Interactive Media, that requires
technology to which we cannot expect all learners to have
access.

Despite the limitations, LFAD is receiving more
requests for enrollment than we can currently accept. The
program has made positive educational opportunities
available for nontraditional students and has helped to create
a substantial communications network of educators with
mutual interests. For the College of Education, University
of South Florida, Learn From A Distance represents a start
in a new direction.

Andria Troutman is Professor and Director of the Cadre for
Advancing Instruction through Technology in the College of
Education, University of South Florida, Tampa, FL 33620
e-mail: andria@madonna.coedu.usfedu

Lara Kiser is Program Administrator of Learn From A
Distance, College of Education, University of South
Florida, Tampa, FL 33620
e-mail: kiser@madonna.coedu.usfedu
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The Influence of
Conference Moderator

Strategies on the
Participation of

Teachers in Collaborative
Telecomputing Projects

Bernard Robin
University of Houston

In Virginia, a statewide public school computing
network, Virginia's Public Education Network (Virginia's
PEN) is available to any public school educator who wants
an account and has access to a computer, a modem, and a
telephone line. Virginia's PEN allows users easy access to
the Internet, the academic computing netwcrk which links
universities and other educational agencies throughout the
world. Virginia's PEN connects the public schools to the
academic world of higher education and facilitates school/
university partnerships and provides access to government
agencies and commercial businesses (Bull, Sigmon, &
Cothern, 1992).

The instructional use of networks by educators and
students has been the subject of a limited body of research.
Although there have been many studies dealing with using
technology for educational purposes, most have focused on
assessing the impact of computer-based instruction, such as
drill and practice (Roblyer, 1989). Recent research has
expanded this scope to include the use of telecomputing
networking systems and how they relate to education. The
purpose of the study was to develop and evaluate a series of
procedures which could be used by a conference moderator
to encourage educators and their students to participate in
collaborative projects over Virginia's PEN.

Online !nstructional Pavilions
The Electronic Academical Village is the name given.to

a series of instructional resources on Virginia's PEN.
Instructional content areas called "pavilions" have been
created for subjects such as history, mathematics and
science, aerospace, and multicultural education. Within the
pavilions, Virginia's PEN users can access a variety of
resources, including discussion groups, archived lesson
plans, interactive projects, and an electronic suggestion box.

The Electronic Academical Village was established to
allow those interested in education from across Virginia to
collaborate on a series of interactive instructional activities
which take place over Virginia's PEN. The Electronic
Academical Village began with two prototype pavilions, the
Math and Science Pavilion and the History Pavilion. The
intent of each pavilion was to include online discussion
groups, where teachers could share information and ideas
about classroom activities, ask questions of educators from
other locations, and develop collaborative projects with
classes in other schools and specialists from educational
agencies.

The Role of the Pavilion Curator
Just as a museum or art gallery has people who oversee

the exhibits and keep them timely and topical, the Electronic
Academical Village concept promotes the use of curators to
organize and maintain pavilions. Curators would volunteer
to answer questions, post items of interest, and generally
facilitate use of the network for instructional exchange.
Curators might help teachers locate content specific
resources from the many that are available on the Internet,
suggest classroom activities, and encourage discussion and
network interaction among Virginia teachers and students.
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Curators had been identified for the two prototype pavilions
but were untrained at the time of this research study and
activities within the pavilions were sporadic and lacked
organization.

Development of an Instructional
Telecomputing Strategy

As part of the study, a number of procedures were
developed by the author who served as an acting curator for
the Math and Science Pavilion. These procedures were
designed to foster increased participation and a greater
degree of appropriate postings to discussions within the
Electronic Academical Village pavilions. These procedures
included specific guidelines targeting the Math and Science
Pavilion as an area on the network where students, teachers,
and other educators could participate in meaningful
discussions and successful collaborative networked projects
related to math and science. Specific mechanisms were
identified and ised to encourage participation in online
discussion groups and promote participation in online
projects, where data were shared across the network. It was
envisioned that these procedures could later be adopted for
use in training curators of existing and future instructional
pavilions as well as moderators of instructional activities on
other similar network systems. For the purpose of this
study, the set of procedures was known as the Instructional
Telecomputing Strategy and included the following items:
Network-Related Procedures
.1. Creating menus, submenus, and links to instructional

resources
2. Removing outdated and inappropriate materials in a

timely manner
3. Re-posting inappropriately placed materials to a more

appropriate location and contacting the original
poster to explain why the material was moved

4. Archiving materials of long term interest
5. Coordinating the identification and placement of

resources to be added
Interpersonal Procedures
6. Encouraging Virginia's PEN users, via electronic

mail, written correspondence, and telephone calls, to
log onto the Math and Science Pavilion, join the
discussions, and participate in online projects

7. Answering questions and comments posted to the
Suggestion Box

8. Working with the Virginia's PEN technical support team
to solve technical problems and implement desired
network modifications

9. Meeting with educators who could serve as facilitators
to promote the concept and use of the Math and Science

Pavilion
10. Working with agencies and others who needed

Virginia's PEN accounts and training to participate in
network projects

Additionally, the Instructional Telecomputing Strategy
included specific items related to establishing and maintain-

ing the online conderence, including:

11. Preparing and posting an enticing initial agenda
related to the instructional theme of the conference

12. Establishing expectations of the conference and
suggesting guidelines for online posting

13. Explaining unclear remarks in the discussion and
requesting clarification when necessary

14. Periodically summarizing the state of the discussion
15. Unifying threads in the discussion to meet the

instructional goals of the conference

This Instructional Telecomputing Strategy formed a
framework for training curators to create and maintain the
pavilions of the Electronic Academical Village. Curators
had previously been selected for the prototype pavilions,
and new pavilions have been added or are planned with
additional curators. Previously, curators had received
minimal direction and support in developing their
pavilions. This study focused on developing and
evaluating an instructional strategy for potential adoption
by the developers and administrators of Virginia's PEN,
which could be used to train existing and future pavilion
curators.

Research Questions
Based on previous research of instructional uses of

computer networks, the set of strategies was developed
for use by pavilion curators to guide them in their support
of network projects. After development, the strategies
were implemented in the Math and Science Pavilion for a
period of six weeks and data were collected relating to the
number and appropriateness of postings in two areas of
the pavilions. The following research questions were
developed to evaluate the Instructional Telecomputing
Strategy:

Does implementation of the devised Instructional
Telecomputing Strategy, affect:

1. the amount of participation by educators in online
collaborative math and science projects, as measured
by the number of postings to Math and Science
online discussion groups

2. the appropriateness of postings by educators in
online collaborative math and science discussions
and projects

Data Collection
The effectiveness of the Instructional Telecomputing

Strategy within the Math and Science Pavilion was
evaluated based on the amount of participation and the
appropriateness of postings by Virginia's PEN users.
Frequency counts were used to gather data on the number
of postings that were made to selected discussion groups
in the pavilions. The appropriateness of postings was
rated by three trained observers using categories of
appropriateness developed for this study based on
recommendations by Feenberg (1986). The following
appropriateness scale was used to classify postings:

a posting is appropriate to the instructional theme
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of the pavilion
a posting is appropriate to the instructional theme,
but posted in the wrong place
a posting is not appropriate to the instructional theme of
the pavilion

Data Analysis
The number of discussion group postings and the

appropriateness of these postings were both analyzed to
determine the effect of the Instructional Telecomputing
Strategy.

Number of Postings
Chi Square tests were used to analyze the number of

postings made during this study. Chi Square tests were used
to test the hypothesis that the treatment implemented during
the study affected the number of postings in the Math and
Science Pavilion. The data which were analyzed included
postings from both the baseline period and the treatment
period. For both of these six-week periods, Math and
Science Pavilion postings and History Pavilion postings
were examined and compared.

Appropriateness Ratings
As part of the study, inappropriate discussion group

postings were examined. The percentage of items "posted
in the wrong place" in the Math and Science Pavilion and in
the History Pavilion were examined and compared. These
data were analyzed using a z-test of significance for
computing the difference between two independent
proportions.

Results
The following results were coll ed from a combination

of frequency counts and computer-c-_-..ked data acquired
during and following the twelve weeks of the study.
Statistical analysis of the data was performed and the results
are also presented.

Implementation of the Instructional
Telecomputing Procedures

During the six-week treatment penod, the acting
curator implemented the procedures from the Instructional
Telecomputing Strategy designed to encourage Virginia's
PEN users to participate in interactive discussions and
online collaborative projects. There were 219 occurrences
of procedures from the Instructional Telecomputing
Strategy implemented during the six weeks of the
treatment period with an average of thirty-six occurrences
implemented per week. The number of times each
procedure was employed is displayed in Table 1.

During the treatment period, four additional proce-
dures were created which were not included in the original
fifteen items developed. Procedure 16, "Develop a Core
Group" was created as a new procedure in response to the
formation of a group of interested educators gradually
emerging during the treatment period. This core group's
continued participation in the pavilion necessitated
creation of a procedure that extended beyond the scope of
Procedure 6, encouraging users to logon and join the
discussions.

Number of Postings
The number of postings in the Math and Science

Pavilion and the History Pavilion discussion groups were
compared during the baseline and treatment periods.
Figure 1 compares the number of postings in the two
pavilions during the twelve weeks of the study. The
following chi square results explain the comparison of the
postings in both pavilions:
1. The average number of postings in the two pavilions

was approximately the same, with 7 vs. 9 postings per
week during the baseline period (chi square = .25, df =
1, p > .05), but were significantly different during the
treatment period (chi square = 80.2, df = 1, p 5 .05).

Math and Science Pavilion
- - History Pavilion

Baseline Period Treatment Period

Wk Wk Wk Wk Wk Wk
1 2 3 4 5 6

Wk Wk Wk Wk Wk Wk
1 2 3 4 5 6

Figure 1. The Number of Postings in Both Pavilions during the Baseline and Treatment Periods.
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Table 1
Instructional Telecomputing Procedures

Procedure

Week During Treatment Period

One Two Three Four Five Six Total
1. Menu Maintenance 2 1 3 3 3 1 13
2. Remove Outdated Material 1 2 3 1 1 8
3. Re-post Materials 4 1 4 9
4. Archive Items 1 1

5. Coordinate New Resources 1 3 1 1 6
6. Encourage Participation 10 18 21 10 9 10 78
7. Answer Questions 3 2 2 4 2 13
8. Technical Support 1 1 2 2 5 11

9. Interpersonal Contact 7 6 2 3 18
10. Work with Agencies 2 4 2 1 1 10
11. Prepare Initial Agenda 0
12. Suggest Guidelines 2 1 2 5
13. Explain Unclear Remarks 1 1 2
14. Summarize the Discussion 1 1

15. Unify Threads 0
16. Develop a Core Group 1 3 10 9 8 31

17. Create Training Materials 1 1 2
18. Post Items in the Pavilion 3 3 2 8
19 Post hems in Other Locations 1 2 3
Total per Week 20 32 47 46 39 35 219

2. The average number of postings in the Math and Science
Pavilion increased significantly (chi square = 75.1, df =
1, p .05) during the teatment period.

3. The average number of postings in the History Pavilion
increased during the treatment period; the increase was
significant at the .05 level (chi square = 5.1, df = 1, p
.05).

The number of postings in the History Pavilion also
increased during the treatment period. The increased
number of postings in the comparison group, where no
treatment was implemented was associated with the
popularity of a single project, Jefferson Online, which
accounted for the majority of the postings in the History
Pavilion during the baseline and treatment periods. The
number of postings in each pavilion is shown in Table 2.

Appropriateness Ratings
The three raters evaluated all of the postings which were

made in the Math and Science Pavilion's Roundtable and
the Projects discussion groups during the six-week baseline
period and the six-week treatment period. The raters also
evaluated all of the postings in the History Pavilion's
Roundtable, Projects, and History Online discussion groups
made during the same periods. For this study, it was
required that two of the three raters agree on a classification.
For example, if a posting was rated as "posted in the wrong

place" by two of the three raters it was counted as inappro-
priate. However, if only one of the three raters thought the
posting was posted in the wrong place, it was counted as
appropriate.

A number of postings judged to be inappropriate by the
pavilion curator had been observed in the pavilions prior to
this study. For this reason, the factor of appropriateness was
selected to be examined. However, no postings which were
inappropriate to the instructional theme of the pavilion, as
judged by a consensus of two out three raters, were identi-
fied during the study. A small number of postings were
judged to be posted in the wrong place, as shown in Table 3.

The percentage of items "posted in the wrong place" in
the Math and Science Pavilion fell from twenty-three
percent during the baseline period to fourteen percent during
the treatment period. The percentage of inappropriateness
in the History Pavilion discussion groups rose from fifteen
percent during the baseline period to eighteen percent for
the treatment period.

These postings were analyzed using a z-test of signifi-
cance for computing the difference between two indepen-
dent proportions. Results of this test indicate that even
though the percentage of inappropriate postings rose in the
History Pavilion discussion groups and fell in the Math and
Science Pavilion discussion groups, the difference is not
statistically significant.
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Table 2
Number of Postings per Week

Number of Postings per Week

Baseline Treatment
Week 1 10 21

Math & Week 2 7 26
Science Week 3 10 35
Pavilion Week 4 10 66

Week 5 9 34
Week 6 7 30

Average 8.8 35.3

Week 1 1 10

Week 2 4 13

History Week 3 7 19

Pavilion Week 4 11 19

Week 5 3 12

Week 6 15 5

Average 6.8 13.0

Users Who Posted Most Frequently
A relatively small number of Virginia's PEN users

were active participants in the two pavilions. During the
treatment period, the number of users who posted items
more than doubled in each pavilion. In the Math and
Science Pavilion, the number of users who posted
increased from twenty-nine during the baseline period to
fifty-seven during the treatment period. For the History
Pavilion, the number of users who posted increased from
ten users during the baseline period to twenty-eight users
during the treatment period. As shown in Table 4, thirty-
nine different network users accounted for all of the
postings in the two pavilions, during the baseline period,
and eighty-five users accounted for all of the treatment

period postings observed during this study.
The findings from this study indicate that a relatively

small group of high-frequency users accounted for a large
percentage of the postings. Rogers' (1986) findings about
information systems, which suggest that ten percent of
users account for fifty percent of all use, proved to be true
in the Math and Science Pavilion during the treatment
period. During that six weeks, ten percent of the users (six
individuals) posted 101 items or forty-eight percent of the
total number of postings made in the pavilion during the
treatment period.

Contact by the Pavilion Curator
The users who posted most frequently to the Math and

Science Pavilion discussion groups were repeatedly
contacted by the curator during the treatment period.
These users became a core group of interested pavilion
participants who received intensive and ongoing support
and encouragement from the curator during the treatment
period. Electronic mail was the most common method of
contact, with telephone calls and in-person meetings also
occurring. In-person meetings included informal conver-
sations, classroom training sessions, and formal presenta-
tions.

Recommendations for Pavilion
Curators and Other Conference
Moderators

Based on the implementation of the Instructional
Telecomputing Strategy, the findings from this study, and
conversations with educators involved with the Electronic
Academical Village pavilions, the following recommenda-
tions are made for future pavilion curators to use to
increase participation in online instructional projects.
These strategies should also be useful to other network
conference moderators who may be able to adapt these
strategies for use with other network systems.
1. Develop a core group of motivated participants.
2. Select a few educators who can help with the develop-

Table 3
Appropriateness Ratings for Math and Science Pavilion and History Pavilion

Math and Science Pavilion

Total Number of Postings
No. Rated as "posted in wrong place"
No. Rated as "not appropriate to theme"
Percentage of Inappropriate Postings

History Pavilion

Total Number of Postings
No. Rated as "posted in wrong place"
No. Rated as "not appropriate to theme"

Percentage of Inappropriate Postings

Baseline Treatment
53 212
12 29

0 0

23% 14%

Baseline Treatment
41 78

6 14

0 0

15% 18%
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Table 4
Number of Postings and Number of Users

Baseline Period Treatment Period
No. of Users Accounted for No. of Users Accounted for

Math &Science Pavilion 29 53 postings 57 212 postings

History Pavilion 10 41 postings 28 78 postings

Total 39 users 94 postings 85 users 290 postings

ment of the pavilion. Invite those who seem interested
and motivated to join a curator's council or board of
directors for the pavilion.

3. Be an active curator through e-mail, newsgroup post-
ings, listserv announcements, and telephone calls.

4. Plan online projects far enough in advance to allow
teachers to schedule class time to participate.

.5. Distribute written materials to educators about the
existence of available network resources and how they
can be used in the classroom.

6. If a curator is not a teacher, he or she should select a
school and visit it on a regular basis to see how telecom-
puting is used in the classroom.

7. Try to stay informed of the many changes that are
occurring on the network.

8. Allow enough time to maintain existing pavilion
resources and develop new ones.

It is apparent from this study that one beneficial way of
increasing both the amount and the quality of online
instructional activity is by implementing an organized set of
instructional strategies. Online success also is dependent on
the presence of an interested curator who can give encour-
agement and assistance to motivated users of the network.
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The Problem Solving
Corner: An Electronic

Community of Math
Learners

Marguerite Mason
University of Virginia

The Problem Solving Corner is a project on Virginia's
Public Education Network (Virginia's PEN) which joins K-
12 students their teachers, preservice teachers, and graduate
students in mathematics education into an electronic
community of learners focusing on problem solving.

The Need
The National Council of Teachers of Mathematics

(NCTM) has articulated five general goals for all students in
its Curriculum and Evaluation Standards for School
Mathematics. All students should : (1) learn to value
mathematics, (2) become confident in their ability to do
mathematics, (3) become mathematical problem solvers. (-;
learn to communicate mathematically, and (5) learn to
reason mathematically (NCTM, 1989). This document
agrees with the Agenda for Action that "Problem solving
must be the focus of school mathematics" (NCTM, 1989,
6). It describes the classroom as a place where students
work on problems that may require hours or days to solve,
where the work is done independently on simple exercises
and in small groups or even the entire class working
cooperatively on more complex problems. The students are
talking and writing mathematics, making conjectures. and
building arguments.

The Curriculum and Evaluations Standards not only
sets curriculum goals, but also implies "a significant
departure from the traditional practice of mathematics
teaching" (Brown & Borko, 1992, 210). This new method-
ology includes providing time and opportunity for students
to "explore mathematics and grapple with ideas and
problems" (Brown & Borko, 1992, 210). Unfortunately.
many of the current textbooks do not yet provide the type of
problems needed for such activities. The teachers are just
beginning to receive the training necessary to implement
such changes.

Brown and Borko (1992) note that novice teachers are
often hesitant to implement the NCTM Curriculum and
Evaluation Standards and are reluctant to relinquish the role
of "authority" in the classroom as suggested in the NCTM
Standards and the NCTM Professiona/ Standards for
Traching Mathematics. Today's teacher preparation
programs should address the need to change the prescrvice
teachers' beliefs about what mathematics is and how it
should be taught. The programs should prrwide content
knowledge as well as pedagogical knowledge. In the case
of problem solving, preservice teachers should learn how to
solve problems themselves as well as how to facilitate
problem solving and communication in mathematics.

One Role for Technology
Technology can provide one means of accomplishing

these goals. A statewide telecomputing system, Virginia's
Public Education Network (Virginia's PEN). has been
established which provides educators in all 2,000 of
Virginia's ptiblic schools with access to Internet. Not onl
does it assure all K-12 teacners of access to the Internet
without charge, but it also provides access to individual
students (6-12) and classes (K-5), and to the university
community, including preservice teachers. This paper
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describes one way in which the system is being used to
facilitate preservice training for elementary teachers in
mathematics while actively engaging students around the
state of Virginia in problem solving.

On Virginia's PEN, the user interface has been designed
for easy use and accessibility of resources. One of the
sections has been designated as the Electronic Academical
Village, a modern day version of Thomas Jefferson's
Academical V.iage, which is a collection of instructional
resource nodes (called Pavilions) in various academic areas
such as history, multicultural, elementary language arts,
space, and physics. Each pavilion is monitored by two
"curators" who serve as resources, organizers, and contacts.
One of these pavilions is the Math and Science Pavilion. It
contains various resources such as interactive responses by
mathematics and science education experts to questions
posted by students, teachers, and preservice teachers;
international and local discussion groups on various topics;
notes from various museums and public television pertinent
to math and science; lesson plans developed by both funded
projects and individual teachers; and interactive group
projects.

The Problem Solving Corner for K-12
Students

One of the sections in the Math and Science Pavilion is
the Problem Solving Corner. Each Monday three problems
are posted by the "Problem Poser," one for K-4, one for 5-8,
and one for grades 9 and above. Students from around
Virginia submit their solutions by the following Monday.
Participation is open to any student either on an individual
or team basis. Problems are chosen as Problem Solving
Corner problems based on the following criteria:
1. They capture student interest and imagination.
2. The solution is not immediately obvious.
3. The problem can be solved using more than one

strategy.
4. The problem is within the computational skill level

of the students.
5. The solution time is reasonable.
6. There may be more than one solution.
7. The solution is defined well enough so that students

know when a solution has been reached.

Solutions may be turned in anytime before the last day
of the problem cycle end are written in a specific format.
This format is:
I. State the problem and any assumptions which are

made.
2. Explain the strategy, or strategies. Suggested

strategies are:
a. Work a simpler case and apply.
b. Look for a pattern to apply.
c. Make a wild guess and check your answer.
d. Make a table, chart, or diagram; use a model.
e. Label knowa parts and unknown parts with

variables.
f. Write an equation relating the knowns and un

knowns.

g. Work backwards.
h. Work for a subgoal.
i. Find a related problem or strategy you can apply.
j. Act it out.

3. Give the final solution.
4. List your name, grade level, school, city, and

teacher.
5. Indicate whether you are solving as an individual or as a

team.

Recognition is awarded weekly in the following
categories: Outstanding Creativity, Outstanding Solution,
Outstanding Effort, Outstanding Team Work, Individual
Work, and Honorable Mention in each of the three grade
levels. Sample solutions are posted 48 hours after the
student solutions are due.

A Sample Solution
For example, in answering the problem:

You have invited your nine friends to your birthday
party. Your mother has planned an interesting way to
serve the refreshments. She instructs you and your
friends to line up in a line with you first This is a
shaking hands activity. You shake the hand of each
friend down the line and then receive your plate of ice
cream and cake. Each friend does the same, shaking the
hands of the rest of the people in the line, before
receiving their plate of ice cream and cake. Assuming
that no person shakes any person's hand more than once,
how many TOTAL handshakes are there by the time the
last person gets refreshments?

the Hamilton Sneakers submitted the following answer:

Hello! This is our first experience on here and we are
thrilled! We are Hamilton's Sneakers working as a
class team (David C., Ben P., Alice D., Katie C., Robin
A., Stephanie C., David S., Ronnie M., Jasmine M.,
Andy J., Charles Z., Alex F., James B., Markel H.,
Sebastian A., Weston B., Anthony K., Ariel H., and
Aislynn R.)
Teacher: Linda Hamilton Grade: 1st and 2nd Ungraded
Primary School: Hunters Woods Elementary

Our thought process and answer:
Miss H.: What do we know?
David: There are 10 people all together.
Alex: There are 9 guests.
Stephanie: There is one of "you".
Andy: You can only shake hands once with each
person.

Miss H.: What do we need to find out?
Sebastian: How many handshakes are there by the time
the last person shakes everybody's hand?

Miss H.: How might we try to solve the problem?
Aislynn: We could act it out.
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(We acted it out.)
Katie: We got 45 handshakes in all.

Miss H.: Is there another way to check out the answer?
David: We could make a graph.
(We acted out the problem again keeping track of the
number of handshakes each individual made and then
graphing that.)

David: Now you have to count it all up.
(The class counted it out loud together with Jasmine
pointing and leading.)
Andy: There were 45 in all...again!
Aislynn: That's the same as the last time!

Miss H.: Is there another way that we could have found
out the number on the graph without counting it up one
by one?
Aislynn: We could have added the numbers in the
columns.
Miss H.: What numbers would those be?
Jasmine: 9+8+7+6+5+4+3+2+1=
Katie: ...45!

Miss H.: Does anyone see a pattern on the graph?
David: It keeps going down by one.

Miss H.: Can anyone make a prediction based on this
graph?
(silence) Can you tell how many handshakes there
would be if there were 11 people at the party?
Robin: The llth person would have to make 10
handshakes so the total number would be...
David: ...55!

The answer to the original problem is 45.

The Teachers' and Students' Reactions
The Problem Solving Corner started slowly with only

six entries the first week. By the tenth week, it was
averaging well over 55 entries per week and has continued
to grow. Students often fmish their solutions by adding
"This was fun!" Teachers are reporting great enthusiasm
among their students. One first grade teacher described her
students solving the following problem:

Three neighborhood dogs barked consistently last night.
Spot, Patches, and Lady began with a simultaneous bark
at 11:00 PM Then Spot barked every 45 minutes,
Patches barked every 8 minutes, and Lady barked every
12 minutes. Later that night Mr. Jones first awakened
when all three dogs barked at once. What time did Mr.
Jones wake up? Explain how you got your answer.

She wrote that her students decided to write down the
names of the dogs and then write down all the times they
barked until they came to a time when they all barked
together. She related that "the lists were made...right
through a fire drill during which the kids continued to
mentally figure out the times and relate them to the teacher

who recorded them on the fire drill clipboard! Upon
returning to the building we transferred the lists to the
chalkboard for all to see."

The ability of the curators to change the menus and
structure of the pavilions themselves, without relying on a
programmer, has enhanced the usability of the system
greatly. The format of the Problem Solving Corner has
evolved in response to comments and requests from
teachers. The menu currently appears as:

Originally, problems and sample solutions were
removed from the network after two weeks. However,
teachers requested that the problems be archived, so that
they were accessible at any time. A recent message has
prompted further changes:

Many of the teachers I work with have requested the
'answers'!!! to the weekly math problems that have been
archived. Is it possible to add this?? They are practicing
with the past problems and would love the answers.
You know how teachers are - they hate to not have the
answers!! Thanks!

Support to the teachers is also vital. Although the
system is quite user friendly, problems do occasionally
occur. For example, one teacher kept disconnecting herself
from the network in the middle of uploading her students'
responses. One of our graduate students took her through
the procedure step by step via e-mail, eliciting the following
response from her:

Dear Curator,
I am assuming that you passed on my panic attack letter
to someone at UVa. I got the nicest response from the
man, and I was so excited to try that I don't even
remember his name. I was really ready to give this up.

This teacher's class now submits at least one solution
weekly and she is becoming comfortable using the network.

The Problem Solving Corner with
Preservice Teachers

The Problem Solving Corner is used for much more
than problem solving with K-12 students. It is an integral

Problem Solving Corner

-> 1) Guide to the Problem Solving Corner

2) Weekly Problems

3) Submit Answers Here

4) Solutions to Previous Cycle's Problems

5) Announcement of Previous Cycle's Winners

6) Problem Archive

Your choice:

Figure 1 . The Problem Solving Corner Menu.
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part of our teacher preparation program. After initial
experiences in class, preservice teachers in their fourth year
who are enrolled in the Reasoning Skills Block (i.e.,
elementary math, science, and social studies methods class)
participate by solving the problems as if they were students
and submitting their solution write-ups using the same
format as the K-12 students. They can earn one point for an
acceptable solution to a K-4 problem, two points for a 5-8
problem, and three points for a 9-12 problem. They are
expected to earn a minimum of forty points during their first
semester. Although approximately eighty percent of our
preservice elementary teachers have had at least a calculus
course, many of them find solving these problems, espe-
cially the 9-12 ones, difficult at first since they cannot just
apply a formula. They are encouraged to work coopera-
tively, just as the K-12 students do, and over the course of
the semester, become more confident in their abilities and
more able to solve such problems.

One of the class assignments for these preservice
teachers is the creation of a problem file. Once they have
learned to distinguish good problems from mere exercises,
each preservice teacher uses resources such as the Arith-
metic Teacher, their clinical instructors, and teachers on the
network to assemble a file of at least twenty "good"
problems. They share their favorite problem from their file
with their classmates via a discussion group on the network,
and these problems are considered for future posting in the
Problem Solving Corner.

Eventually, after they have become better problem
solvers, learned how to communicate their thoughts by
writing them in an organized fashion on the network, and

-learned to recognize gi:P.d problems, these preservice
teachers need to learn how real students approach solving
problems. Some of this task can be accomplished face-to-
face in their clinical placements, but the short amount of
time available in these placements severely limits the
amount that can be accomplished. To supplement the
clinical experiences, the preservice teachers are each
assigned to a particular teacher, look at the submitted
solutions, and communicate with the students about their
solutions. Initially, the preservice teachers often find it
difficult not to just tell the students how to solve the
problems, but they quickly discover that just telling them
how to do it does not help them become better problem
solvers; it just gets an answer quicker. The preservice
teachers give hints, ask for more details, pose extensions,
and converse with the students and the teachers about the
problem solving process. Often solutions are submitted that
are not quite what the preservice teachers or problem posers
expected. For example, in solving the 9-12 problem:

Professor Abstract's car license plate consists of a three-
digit number. He challenges the class to find this
number from the following clues. If you add 1 to the
number, it is divisible by 7; if you add 4, it is divisible
by 8, and if you add 7, it is divisible by 9. What is the
number? Explain how you got this answer.

an eighth grader submitted 020 as his answer. After it was
pointed out that 020 is generally considered a two-digit

number, he replied:
Earlier this week I submitted 020 as an answer to your 9-
12 grade problem. The next day I received an reply to
my submission that 020 is considered a two digit
number; however, the problem specifically specifies the
number as a license plate number and I realized that I
had recently seen a license plate IQP-075, three letters
and three digits, thus 020 is considered three license
plate digits.

Even though I strongly think that 020 should be consid-
ered as a correct answer, though not the one you
expected, I have come up with another possible solution.

Problem:
n+1/1=integer
n+4/8=integer
n+7/9=integer

Strategy:
My new strategy was to plug the problem into a
spreadsheet so I could process the mass amounts of data
quickly and be organized while doing it. I figured out
the multiples of 7 and subtracted 1 from each. I then
added four to each and divided them all by 8. Next I
eliminated the numbers that were not integers. Then I
took the multiples of 7 minus 1 that had not been
eliminated and added 7 to each and divided them by 9
and then I eliminated all that were not integers.

Solution:
I came up with 020 and 524 since you had told me that
020 was two digits I selected 524.

However, the eighth grader was not ready to concede. A
week later he queried: "Do you agree that 020 is a legiti-
mate answer?" This kind of dialog benefits the student as
well as the preservice teacher, sharpening communication
skills, problem solving skills, and logic. Additionally, the
preservice teachers are interacting with real students and
real teachers, not just trying to learn from a book or a
professor.

Summary
The Problem Solving Corner is one effort to build an

electronic community of learners. The teachers and
students collaborate by sharing ideas, asking questions, and
finding solutions to problems of mutual interest. The
preservice teachers do learn a lot about mathematics and
problem solving. Perhaps more importantly, they learn
about how kids think mathematically. They also learn how
to communicate with students and with other teachers on a
professional level. It is only one type of communication and
cooperation between the university and the public schools,
benefiting the children, the preservice teachers, and the
teachers.
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Jefferson By Topic: An
Archiving Approach that

Makes Retrieval Easy

Marie Leavt
University of Virginia

An alternative method for storing information generated
during electronic student to educational resource discussions
has been implemented in the history forum on Virginia's
Public Education Network (Virginia's PEN), Virginia's K-
12 Internet network. The Jefferson By Topic approach
allows student users to view information entered by other
students and educators in an easy and meaningful way. The
purpose of this project is to examine and implement an
alternate approach to the standard annual archive process.

An increasing number of references to the potential K-
12 instructional uses of the "national data highway" or
Internet have recently appeared. A collaboration among the
Thomas Jefferson Memorial Foundation (Monticello)
Education Department, the Curry School of Education, and
Virginia K-12 schools illustrates one potential use of this
instructional technology, and some of the issues associated
with the institutionalization and widespread use of such a
project.

The Jefferson On-Line project was originally initiated
by Judi Harris, then a doctoral student in the Curry School
Instructional Technology progam and Jennings Wagoner, a
Curry School faculty member. Students posted electronic
questions to Thomas Jefferson requesting information on a
range of interests such as "what is your favorite vegetable"
and "what influence did Rousseau have on your political
thought." A response from the Curry School team in the
guise of "Mr. Jefferson" was posted on an electronic
conference in typical Jeffersonian style.

After the initial pilot demonstrated the feasibility of the
concept, Jeradi Hochella, a subsequent doctoral student in
the Instructional Technology program, collaborated with
Robin Gabriel, Director of Education at Monticello, to
transfer responsibility for ongoing maintenance of the
project to Monticello. At the same time electronic location
of the project was transferred to the history forum of
Virginia's PEN.

As a result of this instructional initiative, Virginia's K-
12 students are now conducting an ongoing electronic
dialogue with Thomas Jefferson. Questions are, in actuality,
responded to by researchers in the education department at
Monticello. Questions and responses are posted on an
Internet newsgroup (Jefferson On-Line) maintained on
Virginia's PEN. Unlike a typical newsgroup, postings are
deleted at the end of the academic year, rather than every
few weeks.

The Jefferson On-Line newsgroup provides a permanent
archive of past questions and responses. However, ques-
tions and responses are stored in chronological order.
Therefore a student who wishes to review past responses
about a specific topic such as gardening or the presidency
may find this information intermingled with unrelated
topics. Additionally, all responses include a copy of the
question, resulting in the questions being put in the archive
twice.

In th latest refinement of the Jefferson On-Line priject,
an archiving strategy was developed to implement an online
database which groups information on similar topics in
related locations. Categories or topics were selected based
on two criteria: I-the most common themes in the questions
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Jefferson By Topic

1) SEARCH by keyword(s).
2) Architecture
3) Monticello
4) Politics
5) Lifestyle

! 6) Gardening
7) Inventions and Innovations
8) Current Events
9) Education

(h) help (m) main menu

; Your choice:

(p) prey menu

Figure L The Jefferson By Topic Menu.

and 2-the topics by which Thomas Jefferson is most well
know by students; all existing archived responses were
grouped accordingly. Using the Jefferson By Topic
approach, a student is able to select from a list of topics and
view the questions and responses in that topic only.
Additionally, a search feature was added so that students
can enter a word(s) and the system will find all questions
and responses that contain that word and display them in a
list. The student can then view the list and choose one or
more items to view. The main menu for the solution is
shown in Figure 1.

The Monticello topic menu (Monticello is a representa-

tive topic) is shown in Figure 2.
The following is a question and response that was

archived in the Monticello topic: Monticello: Number of
floors

>Dear Mr. Jefferson,

>How many floors did you have in your house at
>Monticello? What are your kid's names? How many
rooms were >in your house?

Monticello Letters

1) Number of floors.
2) Vegetables and 40 years.

; 3) Ghosts at Monticello.
4) The name and design.
5) The ice house and the dumb waiter.

6) The clock and the ice house.
7) Visitors.
8) Why name it Monticello?
9) Why Ablemarle County?
10) Mattresses and fish.
11) Animals.
12) The honeymoon cottage.

(h) help

Your choice:

(m) main menu (p) prey menu

Figure 2. The Monticello Topic Menu.
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>We will be visiting Monticello soon.

>Sincerely,
>DAVID, ELLIOT, JACOB, PATRICK,
>& JEREMY

>Mrs. Y's fourth grade
>Burnley- Moran Elementary School

Dear David, Elliot, Jacob, Patrick and Jeremy,

Thank you for your letter. Monticello has always been a
source of pride for me, I am glad that you are interested
in knowing more about it. My house is made to look
like it is one story from a distance. In actuality, it is four
stories. There is the basement where the underground
passage is located. There is the main floor where the
entrance hall is located. And there are two stories above
the main one that is used for bedroom space. The third
floor (top floor) is where the dome room is located. It is
a very pretty room that is painted a pale yellow and has
lots of windows. My house has 43 rooms if you count
all of the rooms in the dependencies like the kitchen and
store rooms.

I have two daughters who have survived to adulthood.
Their names are Martha and Mary. My wife, Martha,
and I also had four children die in infancy or early
childhood. It was very sad for us.

Sincerely,

Th. Jefferson

The online database of Jeffersonian responses is
available in the resource section on the history forum which
is part of the local archives on Virginia's PEN. Approval of
the Thomas Jefferson Memorial Foundation was necessary
in order to implement the Jefferson By Topic solution. A
modeling approach was used in the development process.
This allowed the client to approve and adjust the screens,
menus, and features during development. The client was
able to view actual screens and try them, resulting in a no-
surprises final product that required minimal testing and
approval time.

Each of the letters was read and placed into a category.
Some crossed categories and were duplicated if necessary.
After categorizing, a subject line was put on line one
(example: Monticello: Number of floors.). This subject line
becomes the displayed menu item when the letter is
retrieved as a result of a student using the search feature
Each letter was then cut and pasted into the appropriate
category (topic). After all letters were pasted, the search
feature was added to the main menu and implemented.

Clearly much of the effort on this project was nontechni-
cal in nature. At the end of each academic year the ques-
tions and responses for the year will be archived into one

large file; again storing them in chronological order. Each
letter must then be read and a subject line added and it must
be cut and pasted into the appropriate topic. Documentation
was written to insure that this process and product will be
consistent from year to year (available on request). As the
value of this and other alternate archiving strategies
becomes obvious, it is likely that tools will be developed to
automate these processes.

The product of this project is an approach that allows the
student user to find and view previously entered information
in a way that is either more meaningful (by topic) and/or
more practical (by search). This information has been
researched by staff and volunteers and can now serve
double-duty by first answering the students questions and
then by becoming part of a growing cache of readily
available online information.

Marie R. Leavitt is a masters student in Instructional
Technology at the Curry School of Education, University of
Virginia, 405 Emmet Street, Charlottesville, VA 22903,
E-mail: mrl3e@curry.edschool.virginia.edu
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Utilizing Gopher
Technology in an

Academic Environment

Cynthia Addison
University of Virginia

In the past 18 months, gopher technology has emerged
as the penultimate tool for archival storage of information
on the Internet, and most universities have now established
their own gophers. The challenge now is to acquaint the
larger academic community with uses of gophers for
purposes such as establishment of Campus-Wide Informa-
tion Systems (CWIS). While many students and faculty
have mastered electronic mail technology, fewer have yet
taken advantage of this emerging technology which could
greatly facilitate information dissemination. Like all
technological improvements, the keys to user participation
are well developed ideas for utilization, adequately docu-
mented instructions and a strong public relations campaign
that alerts student and faculty to the new technology.

Goals of the Project
This project is one of several concurrent efforts designed

to provide academic and technologic leaders within the
University community with exposure to gopher technolo-
gies. This particular initiative has the University's Aca-
demic Computing Advisory Committee as its focus. The
goals of the project are to:
1) Establish a space within the University Campus-Wide

Information System for communication of information
regarding the deliberations of the Academic Computing
Advisory Committee,

2) Ensure that each member of the Academic Computing
Advisory Committee has appropriate gopher software
correctly installed on their personal microcomputer or
workstation,

3) To provide members of the committee with training and
follow-up support in the use of this software, and

4) To institutionalize the process of maintaining the
Academic Computing Advisory Committee section of
the Campus-Wide Information Server.

Project Narrative
The University of Virginia information technology

committee on academic matters, known as the Academic
Computing Advisory Committee (ACAC), includes
representatives from each of the University's schools, the
library, and three members from the College of Arts and
Sciences representing natural sciences, social sciences, and
the humanities respectively. The ACAC has established
two electzonic communications channels to foster increased
communication with the University community:
(1) a local USENET newsgroup for interactive

discussions, and
(2) a section on the Grounds-Wide Information Server.

These electronic forums will be used by the Academic
Computing Advisory Committee to invite comments on
various policy issues - for example: how to best provide
computer classrooms, high-performance computing needs,
and strengths and weaknesses of current computer support
services, and to report committee deliberations. These steps
are intended to promote interactive discussions among
members of the committec, the computing committees of
the respective schools and the college, computing center
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staff, and the general University community. The ACAC
section on the Campus-Wide Information Server (found
under the "Computing and Communications" section) will
provide a space for archival storage of documents associated
with the committee, such as committee minutes, academic
computing plans of schools and departments, and other
documents relevant to the committee's deliberations.

Project Deliberation
We began the project by alerting all ACAC members of

the creation of the gopher and the USENET newsgroup to
facilitate discussion. Members were asked to request
assistance if they were not already able to access the
university mail and gopher, and they were assisted in their
efforts to get connected. In this process, we found the need
to write up specific instructions for faculty members and to
create batch files where necessary to facilitate hook up.

The gopher site was subsequently created, and this
aspect of the project manifested some crucial concerns.
Designing the menu became our next focus. In this process,
it was important to keep the ACAC menu uniform with the
other menus on the Grounds Wide Information Server
(GWIS). It was placed under the Computing and Commu-
nications Menu and began with an "About This Gopher"
item. Following this entry were the bimonthly minutes and
an electronic copy of each of the department's technology
plans.

The intent of the gopher installation and the newsgroup
was to facilitate information transfer between the ACAC
and the academic community at large, and we tried to keep
this in mind as we developed this service. We were
especially interested in motivating committee members to
use this technology. To this end, we displayed a copy of the
RFP for the annual funding technology grant which the
ACAC administers on the gopher. It was our hope to enable
department heads to download the request if they did not
receive it in a timely fashion from their deans.

With this same spirit of communication in mind, the
committee displayed the various department's technology
plans on the gopher so that members could look through the
plans while they reviewed the requests for funding. It was a
prerequisite of the grant that a department applying have a
plan in place with the ACAC, and the gopher assisted in the
distribution of these plans to the community at large.

It was our hope that having this service available would
cut down on the need to photocopy the lengthy technology
plans for all the members of the reviewing committee.
However, these intentions were unfulfilled in the first
semester of the project because problems with electronic
transfer of the text hindered uploading. As this is a work in
progress, we hope to continue to facilitate this transfer of
data throughout the year.

One of the essential elements of this project is the
concentration on long-term upkeep of the ACAC gopher
menu. It is important to the committee that the information
on the gopher be kept current and that future curators are
able to build on the initial findings of the committee. To
that end, an instruction "tip sheet" was developed to assist

with gopher maintenance. Other information sheets were
developed to aid users including specific instructions for
uploading formatted text.

This project is still in process, and we hope to study
these user interface questions in more detail in the upcoming
months. As a final outcome, we hope to draft some concise
results from and suggestions for utilizing gopher technology
more effectively in the academic environment.

Cynthia Addison, Curry School of Education, University of
Virginia, Charlottesville, VA 22903
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Teaching Hands-On
Science With Fully

Interactive Distance
Education Technology

William J. Boone
Indiana University

Technology and teacher education have been linked for
many purposes in a variety of venues. This paper describes
a semester-long, fully interactive hands-on science course
for elementary teachers. For this class, a two-way audio/
two-way visual signal was broadcast between a studio at
Indiana University-Bloomington and three urban elemen-
tary schools in Indianapolis (over 60 miles away). This
allowed teachers enrolled in the class at any of the school
sites to see and hear class instructors. Furthermore, partici-
pants at each school site could fully communicate with the
instructors and teachers at other school sites. A review of
the literature (Barker, 1987; Tresman, Thomas, and Pindar,
1988; Chow, 1989; Charron and Obbink, 1993) suggests
that such a fully interactive, hands-on course has not been
previously offered using this technology for teacher
education. Throughout this paper "instructors" refers to the
two faculty members leading the class in Bloomington,
while "teachers" indicates those who are active elementary
teachers.

The Technology
The technology used to deliver the course consisted of

special units designed by RCA-Thompson to project,
record, and transmit the interactive, two-way signals. These
school units include: 1) an echo canceler to reduce feed-
back, 2) a 52" rear projection television, 3) cameraman
camera control (which allows for the movement of a camera
on 3-axes), 4) remote control, 5) an infrared controlled
camcorder, 6) microphones, and 7) a moveable cart with i) a
graphics stand that can support overheads, ii) an electronic
chalkboard, iii) a VCR, iv) a laser disc player, v) a PC with
graphics display, vi) a CD-ROM, and vii) a telestrator. This
site equipment is an expansion of RCA's Genius Theater.
The design goal for these units was to develop a single
device which could serve all of a school's multimedia
needs.

General Format of the Course
In order to interpret the results of the data collection

reported later in this study, it is important to provide an
overview of the steps taken during a typical hands-on
science distance education broadcast. Although the formal
broadcast usually began at 4:30 PM every Tuesday, the two
instructors of the class would usually arrive at the television
studio 30 minutes prior to broadcast time. During the period
preceding the broadcast, wireless microphones would be
strapped on, sound levels checked, and furniture moved
about to facilitate the demonstration of hands-on science.
During this preparation time, the studio engineers would
check all of the audio and video connections from
Bloomington to Indianapolis. A small Laxpiece was worn by
both of the instructors which enabled the studio engineers to
communicate with the instructors. A final step taken to
prepare for each class included the writing of short text
which could be displayed electronically on the television
screen. Each lesson followed a similar general prebroadcast
format.

As each broadcast began, all schools would be brought
on line, and audio and video quality assessed. Following
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this step, each site (one by one) would be projected for all of
the other sites to see and hear. At this point, teachers could
ask questions of any sort. The queries involved a wide range
of issues, from comments involving the technology to
questions pertaining to assignments. This step usually took
15 to 20 minutes of class time.

The next segment of the class usually consisted of three
teachers (one at each school site) sharing their application of
the previous week's lesson. The reason for this activity was
to encourage the teachers to apply all class activities. Often,
participants would use the graphics stand to show added
material they had developed. As an alternative to using the
graphics stand, some would simply approach the camcorder
situated atop each Genius Theater.

Following this segment, the two course instructors
would present a brief introduction to one hands-on science
topic. This introduction would be followed by an activity in
which all of the participants at each site would actively
complete a hands on "lab." These labs ranged from dissect-
ing a chocolate chip cookie (in order to evaluate the pros
and cons of mining), to constructing simple electric circuits
with aluminum foil wires. During each broadcast, the
instructors would view all the sites to facilitate the labs. The
instructors found that although they were not physically
present in the class rooms, the large screen television's clear
image allowed communication with teachers almost as well
if they were present at each site. Usually, lab activities
would end approximately 15 minutes before signoff
whereupon teachers at each site would be reminded what
homework was due the following week, what materials
should be brought to class, and who would be presenting.

Success and Failure of Science
Education Topics Using Interactive
Technology

Utilizing distance education for the presentation of truly
interactive teacher education courses can facilitate cohve-
nient classes for active teachers. So that the instructors of
the class could learn about teachers' reactions to the use of
this technology and the interplay between topics and
technology, a number of attitudinal surveys were adminis-
tered to those teachers enrolled in the course. The four
administered surveys included I) open-ended comments
regarding class content and technology, 2) rank ordering of
class topics in tern ts of helpfulness, 3) an evaluation of the
instructors and 4) completion of a 34 item distance educa-
tion technology survey. Although the total enrollment in this
course was relatively small (16 teachers), the reviews
provide important insight into the important issues of
distance education and teacher inservice.

The Interplay of Technology and Hands-
on Instruction of Science

The open ended survey presented to these teachers
involved seven questions: In terms of this interactive course,
what 1) should stay the same, 2) should be improved, 3)
should be added, 4) should be removed, 5) worked, 6) did
not work, 7) would you change?

The teachers (all of whom taught elementary school)
liked the length of each broadcast (2 hours once per week),
the constant interaction between the studio based instructors
and the school sites, the ability to involve every participant
with all of the experiments, and the ability to see all of the
experiments so well with the aid of the large screen
television. In summary, these teachers, indicated it was
indeed possible to present hands-on science through
interactive television.

Some of the teachers' complaints were 1) although the
interaction was excellent between each school site and the
studio, the other schools could often not clearly hear the
sites in direct communication with the studio; 2) the
teachers enjoyed being able to have two locations displayed
on the big screen television at one time, however, they
would have preferred to have all of the school sites simulta-
neously displayed; 3) a person was needed at each site who
could fully operate the equipment; 4) there was no way of
signalling the studio that a particular site wished to ask a
question.

These comments reveal some difficulties in presenting
hands-on science through interactive distance education. A
key to a successful lesson is that there be high quality video
and audio connections between all of the school sites and
the broadcast studio. If either the audio or video link fails, it
is exceedingly easy for the teachers to feel disconnected
from the rest of the class. Clearly, when the only link
betwetn all of the teachers and the instructors is an elec-
tronic tether, no part of the connection must be severed.
Other issues that the comments illuminated are that these
teachers want added technology to improve class
interactivity. In essence, these teachers requested devices
which would allow them to have the same sort of communi-
cation possible in a normal, everyday classroom.

A few of the open-ended comments supplied by teachers
seem to fall neither in the complaint category nor the
compliment category: I) Use all of the supplies required for
each broadcast; 2) Determine whether or not the textbook
was really needed; 3) Increase the number of sessions
during which participants would all meet as one group; 4)
Organize the timing of each broadcast better; and 5) Include
on-site registration at the first meeting. These comments
could be influenced by a number of factors. Teachers were
often required to bring supplies for the day's lesson (quite
different than the typical college course in which most of
the supplies would be provided), but sometimes the
instructors would not complete all of a planned lesson
which in turn meant that not all of the supplies would be
utilized. One reason for the misjudgment of time needed for
each lesson was the fact that the instructors were never sure
how well each lab might work using the distance education
technology, so they overplanned.

Other teacher comments involved the sparse use of the
required text. This comment is probably a function of the
fact that this course had never before been produced. Since
the instructors were not sure how well the distribution of
materials (through the mail and by car) might work, they
believed a good backup position involved required purchase
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Table 1
List of Science Topics Presented to Teachers

Electricity 4.57 Plants 4.64
Energy/Heat 5.07 Ecology 5.36
Earth 6.21 Misconcept 6.79
Animals 7.29 Weather 7.50
Magnets 7.86 Ice Breaker 8.21

Space Gravity 9.71 Learning Cycle 10.50
Grab Bag I I.I0 Humans 11.75
Museum Science 12.50

Note. Those topics at the top of the list were ranked as being among the best topics, while those at the base of the list
were ranked as being the least helpful.

of a text presenting hands-on science labs.
Finally, on-site registration was suggested by ne...tly all

of the class participants. In retrospect, this makes sense.
Since the appeal of distance education for many teachers is
the ability to drive to a local school, park easily, attend
class, and drive quickly home, it seems reasonable to
remove a trip these teachers might make for class registra-
tion.

Results of Topic Ranking
During this course, the K-6 teachers were exposed to 15

science topics. Some of these topics were well-received by
teachers, while others were viewed in a less favorable
manner. Table 1 presents the order in which the topics were
ranked in terms of "helpfulness" for teachers. Because the
sample set is small, slight differences in rankings are
probably not significant, but these data do begin to provide a
clearer picture of those topics that were not only helpful to
these elementary teachers, but also those topics that were
successfully presented using the distance education technol-
ogy.

The lesson involving museum science was presented by
two experienced guest instructors who have had great
success in working with elementary teachers; however,
these two individuals had not previously utilized this
technology. This might explain this low topic ranking. The
low ranking of "humans" may be related to two factors.
Elementary teachers are usually quite familiar with some
aspect of this topic, while they may not be well-versed in
the topics such as electricity and magnetism. Thus, they
might view this as a redundant topic. A second possibility
for the low rating is that the "human" lesson did not include
a lengthy hands-on lab. This activity may have been rated in
a low manner because of subject matter and not a technol-
ogy problem.

The Learning Cycle was another lesson that was not

highly rated by the teachers. This lesson was also taught by
a guest lecturer. The instructors of the class suspect that this
low rating might be related to the lesson having been
something these teachers did not find as useful as the other
activities. This might be related to the topic's involving a
teaching technique as opposed to subject material. It should
be pointed out that this lesson took place when all the
teachers met at one common site. Conceivably some
teachers gave this lesson a low rating because some had to
travel to an unfamiliar school site across town.

There are other factors which may have influenced the
ratings of topics. The activities that received low ratings
seem to have been those for which either added materials
were brought and not used or those lessons in which too
many activities were carried out during one session. Finally,
it must be mentioned that because the evaluation used a
"ranking" scale (as opposed to a "rating" scale), the data
presented in Table 1 show only an ordering of class topics,
not a rating.

Teachers' Ratings of the Instructors
Teachers attending this class were asked to also provide

a number of ratings with regard to the course structure and
the university professors. Each question in the survey could
be rated using a four-step scale of strongly agree (4 points),
agree (3 points), disagree (2 points), or strongly disagree (I
point). Table 2 presents the average ratings for statements
pertaining to the course, while Table 3 displays the average
ratings for statements involving the instructors.

Table 2 reveals that those teachers responding to this
survey gave ratings that were on average between "strongly
agree" and "agree." The lowest rated statements involved
the organization of the course and the stating of course
objtctives. These ratings may have resulted for a number of
reasons. Since this course had never before been offered, the

Table 2
Average Ratings for Statements Pertaining to the Course

The course is well organized 3.64

The objectives of the course are clearly stated 3.64

Course assignments help in the learning of subject matter 3.71

The_ling procedures for this course arc fair 3.86
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Table 3
Average Ratings for Statements Involving Instructors

My instructor stimulates my thinking 3.86
My instructor is fair and impartial in dealing with teachers enrolled in this class 3.86

My instructor promotes an atmosphere conductive to learning 3.3

My instructor uses teaching methods well suited to the course 4.00

My instructor is well prepared for class meetings 4.00

organization of the course did change during the semester.
Another factor could be related to sites' occasionally
experiencing technical difficulties either in transmitting or
receiving broadcast signals; the teachers may have viewed
this glitch as a poorly organized aspect of the class. Yet
another influence may be teachers' frustration with lessons
that did not use all of the "teacher-bought" materials. As in
any course, a class must be well-organized and the class
objectives clearly stated. It seems, however, that for those
classes which are targeted at active teachers and also utilize
interactive distance education technology, it is of tanta-
mount importance that these two issues are confronted. For
future courses, the instructors will stress the class objectives
more often. A second change will be an increased availabil-
ity of on-site materials (which teachers will not have to
supply). This should decrease the frustration level of
teachers when materials are not completely used if a lesson
is not fully completed.

The five statements rated by the teachers indicated a
very positive attitude of teachers toward the instructors.
However, the most heartening and important aspect of these
ratings was that all of the teachers felt the instructors'
teaching methods were well-suited for this course. This high
average value seems to indicate that hands-on science
teacher education classes can indeed be taught utilizing
interactive technology.

Results of Distance Education Survey
A fourth evaluation instrument was presented to

participating teachers. This instrument consisted of 34 rating
scale items that involved issues of distance education
technology and teacher inservice. This rating scale also
utilized the same four-step scale which was used in the
previously discussed instrument (strongly agree, 4 points;
agree, 3 points; disagree, 2 points; strongly disagree, I
point). The results of this data collection are presented in

Table 4. In general, the set of 34 statements answered by
class participants seems to verify the trends noted in the
other surveys. These items indicated that teachers felt this

was a useful technology and that they might continue to use
it on their own with students. Furthermore, participating
teachers' responses seem to suggest that they did not feel

they learned any less than in a traditional course. From a

technology and teacher education per xtive, the most
important response may be the very supportive ratings given

to survey item #4 (Being able to choose from a number of
sites for class attendance was an asset of this type of class).
By using technology, classes may be made more appealing

simply by increasing convenience.

Conclusion
Distance education has been utilized in teacher educa-

tion in a number of ways. This paper outlines teachers'
attitudes toward a fully interactive hands-on science class
that was broadcast to three schools from a university studio.
In general, teachers felt that the course was convenient and
as useful as a traditional class. However, attitudinal data
suggests that improvements in the technology should be
made to enhance the interactivity during broadcasts.
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Table 4
Rating Scale Items Involving Use of Technology and Distance Education

Statement
In general, the instructors made good use o the television and audio technology.
Being able to choose from a number of sites for class attendance was an asset of this type of class
(television and audio).
If I were a high school teacher I would use this type of technology to link up to other schools.
If I were a middle school teacher I would use this type of technology to link up to other schools.
In general the instructors were able to make good use of the t.v. and audio technology. so the course
quality did not suffer.
If I were a elementary school teacher I would use this type of technology to link up to other schools.
Interactive audio (as opposed to one-way talking heacls) that connects all sites is needed to teach such a
class.
The interest of the instructors in this type of class could be detected just as easily as if one was in a
traditional class.
The objectives of a class can be achieved using this television and audio technology just as easily as in
a traditional class.
Interactive television (as opposed to one-way talking heads) that connects all sites is needed to teach
such a class.
The t.v. and audio tech. allowed as much interaction between the instructors and teachers as found in a
traditional course.
Teachers could hear instructor's questions as easily as in a traditional class setting.
This t.v. and audio class allows the same variety of teaching techniques to be used as is possible in a
traditional class.
Being able to meet together with other teachers is very important for a class that will rely on television
and audio.
The use of t.v. and audio technology meant that this class was conducted in a more informal
atmosphere than a traditional class.
Attending a class like this allowed me to learn about the use of technology.
Visuals (slides, overheads) broadcast through the network were more useful than they would be in a
traditional class.
The quality of the television picture in class did not lessen the quality of the course.
The technology of this class allowed students to be exposed to topics which would not normally be
available for a traditional class.
Instructors could hear teacher's questions as easily as in a traditional class.
Group learning is not more difficult to carry out with this technology.
Being able to see other sites on a video screen at the same time would be very important for the
success of such a class.
A course based on this use of t.v. and audio should have a person at each site to answer questions.
When problems in the televised image or the audio quality occurred, the problems were quickly fixed.
The quality of audio in class did not lessen the quality of the course.
It is more difficult to distribute readings to a television and audio based class than to a traditional class.
Teachers could hear other student questions at other sites, as easily as students in a traditional class
can hear questions.
The set up of rooms was a hindrance to the use of audio and television in this type of class.
Each class session covered less material than a similar class in a traditional format (teacher and
students in one room).
For classes using this technology, in general, it will be more difficult to assign students a grade.
The use of textbooks is more important in this type of class than in a traditional class.
The use of television and audio technology will mean that classes are more impersonal than traditional
classes.
The use of television and audio makes class participants feel more disconnected than in a traditional
class.
The use of television and audio (as used in this course) will just be a fad like educational television.

Item Ratin
1 ) 1.14
4) 1.14

26) 1.38
27) 1.38

1) 1.42

28) 1.46
12) 1.50

22) 1.54

31) 1.54

13) 1.57

2) 1.64

17) 1.64
20) 1.64

25) 1.69

7) 1.71

24) 1.77
14) 1.79

11) 1.92
6) 2.00

15) 2.07
34) 2.31
19) 2.43

3) 2.43
33) 2.62
10) 2.64
9) 2.69
16) 2.86

21) 3.07
5) 3.29

30) 3.31
32) 3.31
8) 3.43

23) 3.46

29) 3.62

Note: Average rating given by the responding teachers. Strongly agree is a 4, agree is a 3, disagree is a 2, and strongly
disagree is a I.
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Project Mentor Net

Gail Carmack
The Science Academy of Austin

This paper is divided into two parts. In the first part, the
development and implementation of Mentor Net will be
described. In this section the logistics of giving students
access to limited modems (3) and setting up the bulletin
board/e-mail system will also be emphasized. The second
section of the paper addresses the preservice/inservice
training necessary to implement the program elsewhere.

The Problem
Every year tenth grade biology students in the Science

Academy conduct independent research projects. Involving
community members as mentors of students projects lends
significance to the project as well as providing an outside
source of information. However, getting students and
mentors together is difficult, given scheduling constraints
and lack of student transportation. Using e-mail allows
mentors to review student work at their convenience and
permits students to receive effective feedback in a timely
manner. Another difficulty with student research projects is
a dearth of high-level library resources available at the high
school level. Using Internet resources like Gopher,
Veronica, and telnet allows students to access information
that is otherwise unavailable to them.

With computers and modems; word processing,
statistical, and communications software; and Internet,
teachers have the potential to direct high-level research
assignments without their students having to leave the high
school facility. However, to date no procedure has proven
effective in allowing the teacher to manage diverse research
projects carried on via modem through Internet. Commu-
nity mentors for individual students promise a solution to
this problem.

The Logistics
Potential mentors must be identified before the project

begins, the number depending on the number of research
groups and the amount of time mentors are willing to
dedicate to the project. However, one mentor for each
group of students or for a few groups of students is recom-
mended. There are several ways to enlist mentors. At the
Science Academy, we contacted key professors at a local
university and formed an alliance with a department. We
also posted notices in newsgroups on the Internet. While
the Internet response was sparse, we did get a few mentors
from responses to postings in the Kidsnet (Kidsphere)
newsgroup. If you choose to use Internet postings, allow
ample time to recruit mentors. After mentors are identified,
have students begin work on their projects. Figure 1 shows
a brief outline of how the plan works.

The student phase of the project begins with students
using the Internet (specifically Gopher, Veronica, ftp, and
telnet) to gather current background information on their
research topic. After students have gathered adequate
information, they w lite research proposals or plans consist-
ing of background information, a hypothesis, and a sug-
gested procedure. The teacher reviews the proposals, and,
based on the students' research interests, then assigns
mentors to students. Once the mentors have been assigned,
students begin correspondence by sending their proposals to
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the mentors for review. The degree of interaction between
the students and their mentors during the rest of the project
will depend on the size and complexity of the research topic,
the student's abilities and learning style, and the mentor's
teaching style.

At the Science Academy, there are only three modems
available for student use. It is therefore imperative that
students do most of their writing on a word-processor off-
line, save the documents as ASCII files, and then upload
their work into their Internet accounts. As long as there are
other classroom activities that students can do, the students
can rotate onto the modems and upload their files. We have
also occasionally set time limits on the modems to ensure
that all students have access.

Evaluation cf each research project involves assessment
by peers, mentors, and teachers. The project is graded on a
credit/no credit system based on overall quality. As follow-
up activities, students anonymously post their final papers in
a newsgroup for peer review, inviting other students to read
the papers online and to comment on the research.

Training Needs
The type of training that is necessary to implement a

Mentor Net project varies somewhat with the available
technology. In Texas, for example, teachers have full
Internet access through a statewide education network
called TENET. Since very few states offer full Internet
access to teachers, the type of training may be modified
based on the type of access available. In this section, I will
assume there is full access since those with less access can
merely scale down the training to fit their needs.

The keystone skills required for a successful MentorNet
project are facility with e-mail and newsgroups (bulletin

boards). These skills can be well taught to novice computer
users in a four-hour workshop. This workshop should
include the following skills: sending e-mail, composing e-
mail, reading files into e-mail, exporting files from e-mail to
a home directory where they can be downloaded, accessing
newsgroups, moving around in newsgroups (i.e., selecting
and opening files), posting follow-up comments and replies
to articles, posting articles, and saving articles to files.

In addition to e-mail and newsgroup skills, teachers
should learn how to upload and download files. While these
skills are not absolutely necessary for the program, facility
with them will reduce online time and redundant typing of
revisions by students. Furthermore, off-line word proces-
sors are usually mote user-friendly than online word
processors. A four hour workshop on file transfer could
include uploading and downloading ASCII files, uploading
and downloading binary files, and a little about file encryp-
tion and unencryption. Encryption programs like BinHex
allow users to send formatted documents and pictures
through Internet accounts. Without encryption, students
will be limited to ASCII text format for their documents.

In order for students to make maximum use of Internet
resources, teachers should receive training in gopher, telnet,
WAIS, ftp, Archie, and Veronica. These tools allow
Internet users to find current information about almost any
topic. Gopher and Veronica are the simplest of these tools
and can be taught in a four-hour workshon. Judi Harris,
author of The Computing Teacher column "Mining the
Internet," teaches gopher skills to her students through a
scavenger hunt. First students search the University of
Minnesota gopher or the TENET gopher and then each
student posts two scavenger hunt questions in a newsgroup
on TENET. Students are then required to use gopher and

Write
Research
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Review of
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rite Final
Paper

Conduct Lab
Research

Periodic
Mentor Review

Figure 1. MentorNet Flow Chart.
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Veronica find the answers to at least two of their class-
mates' questions. Telnet is also a relatively easy skill and
can be taught in a four hour workshop. Actually, the skills
required to telnet take only a few minutes to teach, so most
of the workshop should focus on allowing participants to
explore various telnet sites. Ftp is a much more complex
skill and requires at least two four-hour workshops for
participants to develop minimal competency.

In addition to workshops, the truly adventurous can pick
up many of these skills via books on the Internet. For the
novice computer user, The Internet Companion (LaQuey,
1993) offers simple insauctions for most of the previously
mentioned skills and is written in everyday English. For
more advanced users, or those who want more information,
The Whole Internet Catalog (Krol, 1992) provides more
advanced instructions and also gives a larger list of Internet
resources in its appendices. Teachers in Texas may want to
obtain a copy of the TENET Users Manual. This manual is
not as easy to understand as The Internet Companion, but it
does provide instructions for nearly all the services available
on the Internet and it provides appendices with information
about listservs, telnet sites, and ftp sites. Another source of
information about the Internet, is the Mining the Internet
column written by Judi Harris in The Computing Teacher.
In this column, Dr. Harris provides her readers with
information about the latest Internet resources and instruc-
tions on how to access these resources.

Optimally, teachers should also learn how to set up and
maintain their own e-mail and bulletin board systems. For
the cost of a high speed line (about $3001 month), a
computer with a large hard drive and a router, an Internet
node can be established. An Internet node is a computer
with a specific Internet address. If you're like most of us,
your computer at home does not have its own Internet
address, but you have an address (or account) on a remote
computer which does have an Internet address. Why is this
important? A node can store files that are accessible to
anyone on the Internet (e.g., ftp archives, gopher files, and
e-mail accounts). The advantage of having one's own node
is that students can have their own individual accounts on
the Internet through the node computer. The cost of
individual student accounts on a remote node can be very
expensive. Individual student accounts also provide some
student accountability and greatly increase student access to
the Internet. A school node also provides the school with
some excellent learning opportunities that are unavailable if
the school is not a node. For example, one high school has
established a gopher server that presents information that
students have collected to any Internet user who telnets to
that high school.

Aside from the cost, the disadvantage of being a node is
upkeep. Not all school districts have trained personnel
available to run such systems, so teachers are often left
maintaining hardware and software. Basic training in
setting up and maintaining simple e-mail readers and
bulletin-board systems wouid allow interested teachers to
pursue establishing Internet nodes and help them keep the
node going after the inevitable hardware or software crash.
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Extending the Reach of
Teachers Beyond the

Classroom: Exploring PBS
Learning Link

Steven L. Purcell
Old Dominion University

Learning Link is a public television sponsored, com-
puter-based telecommunications and information network
developed for K-12 teachers. In its broader context,
Learning Link is actually a network of geographically
distributed localized systems that permits educators to
access information, exchange messages, and share resources
with colleagues nationwide. Currently, there are approxi-
mately twenty-four Learning Link access providers located
throughout the United States (all PBS affiliates), and a
central host is available to those educators who do not have
access to a local system. Although each provider offers the
same basic "core of services," other specific offerings will
vary from "site to site" and, perhaps, region to region.
Accordingly, this document focuses on the common,
general capabilities of Learning Link sites nationwide,
however, specific details for accessing the general functions
discussed herein can be found in the User's Guide devel-
oped and distributed by each Learning Link site system
administrator.

In constructing Learning Link, Public Broadcasting
Service (PBS) ONLINE chose to de-emphasize the technol-
ogy itself and instead, focused on how educators could
apply its resources as vehicles for enhancing classroom
instruction. Moreover, its premise holds that

Teachers and students, rather than technology, are at the
heart of the user-friendly system. As a result, PBS
Learning Link subscribers become part of a unique
national community where diverse geographical and
cultural backgrounds offer a learning environment where
beliefs are challenged, stereotypes questioned, and
values enriched. (Public Broadcasting Service, n.d.a, p.
1.1)

In creating and sustaining that unique instructional
environment, Learning Link subscribers can employ the
following general resources:

Electronic mail and conferencing capabilities
Interactive databases
Forums
Discussion centers
Newsgroups

Learning Link at a Glance
One of the advantages of accessing educational re-

sources online is their on-demand availability. To that end,
Learning Link is available 24 hours a day, seven days a
week year round. All that is needed to get started is a
personal computer, a modem, a telephone line, and a
communications software package (e.g., Kermit, Procomm,
White Knight, Red Ryder, ZTerm, etc.). Learning Link
supports modem baud rates from 300 to 14,400 bits per
second (bps), and it is accessible from virtually any location
(assuming, of course, the equipment noted above is avail-
able). In most cases, system access is unlimited, however,
some local site administrators may restrict connection times
to 60 minutes when heavy access demands inhibit reason-
able system availability to other Learning Link subscribers.
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Electronic Mail
One of the most exciting features of Learning Link is the

capability for users to send and receive electronic mail (e-
maiD right from their personal computers. Learning Link
subscribers can exchange e-mail with other users on their
Learning Link node, with other users on other Learning
Link nodes, and with anyone (worldwide) for whom they
have an Internet address. Although to do this, they will
need to know the e-mail address of the person with whom
they are corresponding.

E-mail addresses take the general form of
userid@domain-name where domain-name identifies the
exact Internet host (computer) on which the recipient of an
e-mail message has a registered account while the userid is
the name the recipient uses to log onto that host. Accord-
ingly, no two users with the same domain-name can have
the same userid just as no two houses on the same street can
have the same house numbers. The Internet address
spurcell@llwhro.lLpbs.org breaks down like this:
"spurcell" is my userid and "llwhro.11.pbs.org" is my
domain-name. Therefore, if Learning Link subscribers want
to send me e-mail, thenthey would address it to my userid
at (hence, the "@" symbol) my domain-name. What if you
do not know the e-mail address of the person with whom
you want to correspond? The quickest (and most direct)
solution is to simply call that person on the telephone and
ask!

Interactive Databases
The Curriculum Connection is an interactive database

which manages information about instructional television
programming, a learning tool designed specifically for
classroom use. Instructional Television "introduces students
to people, places, and events; aids in the instruction of basic
skills; and illustrates difficult concepts with sophisticated
animation and photography" (Public Broadcasting Service,
n.d.b). Using the database, teachers and media specialists
can not only coordinate daily classroom events with
Instructional Television resources, but they can integrate
interdisciplinary programs that examine subjects from
alternative points of view.

The Curriculum Connection permits Learning Link
subscribers to search a wide variety of programs, and it also
assists in identifying specific episodes from Instructional
Television series titles. In conducting a search, users first
define the search criteria by selecting and defining the
parameters from different categories. These categories
include subject, keyword(s), educational level, series title,
episode title, producer, and distributor. By supplying
information about one or more of these citegories, users can
tailor their searches to meet their own specific curricular
needs. For example, consider the following scenario: a
seventh-grade science teacher plans a lesson on common
bugs and wants to determine available video resources to
supplement (as well r enhance) her instruction. By
querying the Curriculum Connection, she makes the
determination easily and quickly. In this case, she enters
"insect" as the subject and "G7" (seventh grade) as the

educational level. The database then retrieves and displays,
screen-by-screen, the set of instructional program titles
about insects developed for a seventh-grade audience. By
adding additional criteria, the search can be narrowed to a
specific series, episode title, distributor, or producer.

Forums
Forums are "places" where educators can share informa-

tion and ideas on a wide variety of topics with their col-
leagues. Some forums serve as simple bulletin boards
(areas where items can be posted and viewed by any
Learning Link subscriber) while others offer extensive text
resources and file libraries. File libraries are repositories for
both text documents and computer programs, and Learning
Link subscribers can download these files to their personal
computers as well as upload files to share with their
colleagues. Many of the computer programs are shareware,
so Learning Link subscribers who use these files are bound
by their honor to register their ownership with the programs'
authors, and often, this means paying a fee as well.

In general, forums are added and deleted on a regular
basis by each Learning Link node's system administrator.
While not all Learning Link administrators "post" all
forums, they do provide access to many of the following
ones. These include, but are not limited to, forums on:

Art
The American Experience
Arctic/Antarctica
Behind the Scenes
Election Central
Environment
Childhood and Kidlink
Columbus/Age of Discovery
College Knowledge Center
Copyright and Schools
Newton's Apple
NCREL Restructuring Teleseries
Quality or Else
Scientific American Frontiers Online
SIECUS
Television for Learning
What's in the News
Weather in the World
The Mexico Project
American Express Geography Expedition
Africatrek
CrW Ghostwriter Teacher's Guide
Challenger Center Space Forum
National Teacher Training Institute Forum

Discussion Centers
Discussion Centers, conceptually, are "electronic

rooms" where people with similar interests "gather" to
exchange ideas and share information on a particular topic.
While both electronic mail and bulletin boards also foster
communication between Learning Link subscribers, they
actually serve different purposes; electronic mail is used for
exchanging confidential (not publicly accessible) correspon-
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dence between subscribers whereas bulletin boards promote
only one-way exchange of communications (e.g., posting
announcements, position vacancies, schedule changes. etc.).
Discussions, on the other hand, are electronic messages
written and read by all people sharing an interest on a
particular topic.

In any given discussion, there are two types of mes-
sagesthose that start a topic and those that either reply to a
topic or reply to somebody eise's reply. Each topic has a
name that describes its fa as so that replies can be grouped
according to the topic or ieme to which they pertain. In
addition, a discussion may generate more than one topic.
For example, a technology discussion center could accom-
modate topics relating to, among others, hardware, software
development, ethics, troubleshooting, and networking.
Once inside the technology discussion center, users may
reply to any of the ongoing technology-focused topics, or
they could initiate their own, new theme.

Additionally, each discussion center employs a manager
(or moderator) who maintains the integrity of the topic at
hand, that is, the manager ensures that messages within a
given discussion do not stray too far from the main theme.
If necessary, the manager has the authority to move
messages to a new topic or delete them altogether.

Newsgroups
Although newsgoups and discussion centers perform

similar functions (e.g., sharing information), they actually
differ in their distribution to readers. While most Discus-
sion Centers are restricted to Learning Link subscribers
only, newsgroups may be disseminated statewide, nation-
wide, or even worldwide.

Most of the newsgroups on Learning Link nodes are a
special subset of "netnews," which contains more than 1500
publicly-distributed newsgroups covering a wide variety of
topics. Many of those newsgroups are not relevant to K-12
educators, so PBS ONLINE has either adapted existing ones
or created new ones expressly for Learning Link subscrib-
ers.

Acquiring a Learning Link Account
Local PBS affiliates manage new Learning Link user

accounts, and they will provide the details for the general
application process. Further information can be obtained
from:

PBS Learning Link
1320 Braddock Place
Alexandria, VA 22314-1698
703-739-8464

Summary
Learning Link offers a wide variety of resources that

educators can use to enhance instruction in the classroom
including e-mail, discussion groups, forums, interactive
databases, and newsgroups. The purpose of this document
was not only to illustrate (in general terms) the resources
and capabilities Learning Link provides to educators
nationwide, but also to encourage teachers to explore the
wealth of information that Learning Link places at their

fingertips. For the true power of Learning Link emerges
when educators go beyond reading about these resources
and begin to apply them as part of their day-to-day instruc-
tional strategies.
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We are beginning to appreciate more of the total picture
(of educational change). What appears simple is not so
introducing a seemingly small change turns out to have wild
consequences. What appears complex is less soenabling
a few people to work on a problem produces unanticipated
windfalls.

-Michael Fullan (1993, p. viii) from Change Forces

Educational change with technology is complex and
difficult. In his new book, The Children's Machine,
Seymour Papert (1993) discusses the "megachange" that
has occurred in many areas of human activitytelecommu-
nications, entertainment, transportation, and medicine. He
cites schools, however, as a notable example of an area that
has not been significantly impacted by advances in technol-
ogy. "The development of a megachanged learning
environment," Papert contends, may have to "grow slowly
in an organic way (p. 216)." Perhaps the best that reformers
can hope for is what Larry Cuban (1993) characterizes as a
"cautious optimist's scenario" in which "putting computers
in classrooms will yield a steady, but very slow movement
toward fundamental changes in teaching and schooling (p.
195)." One thing, though, is certain. Educational change
with technology is indeed moving forward.

This section documents a wide variety of issues and
initiatives related to the diffusion of technology in teacher
education programs and K-12 schools. It oegins with a
paper by Johnson, Maddux and Harlow that presents an
exciting vision of technology-based innovations that they
believe will impact schools in the coming years. Though
the authors admit that the "marriage between education and
technology will not happen as quickly as we would like,"
they conclude that it will indeed happen and challenge
teacher educators "to roll up their sleeves and be part of it."
In contrast, Bennett and Bennett examine many of the
difficulties of technology diffusion in K-12 schools. The
authors write of a study conducted with teachers in rural
America that documents budgetary constraints and the
prevailing notion among many teachers that computer
integration primarily involves drill and practice to support
traditional classroom instruction.

The following group of papers focuses on efforts to
integrate technology into various facets of the teacher
education program at Marywood College. This cluster of
papers reflects the growing collaboration that is alluded to
throughout many of the articles in this section. Burkhouse
describes attempts to systematically integrate technology in
their program and details specific applications and assess-
ment procedures used. Draina documents inservice
opportunities that incorporate technology in science and
math methods as well as strategie:, used to provide leader-
ship candidates with skills needed to support infusion of
technology. Ruthkowski then describes efforts to produce
interactive video programs on topics of concern for preser-
vice teachers. Finally, Sadowski, the College's Director of
Academic Computing, writes about proactive, reactive, and
collaborative approaches to supporting faculty in their work
with technology.

720 Technology and Teacher Education Annual 1994



p.

Other attempts to integrate technology into teacher
education programs are presented in the next group of
papers. Beacham describes an approach where methods
faculty, classroom teachers, corporate representatives, and
undergraduate students collaboratively designed and
implemented initial phases of a technology infusion plan.
Fox and Thompson document another university's approach
which includes one core course in technology followed by
technology-based learning activities in other education
courses. Next, Smith describes the collaborative effort to
infuse technology into the course work and field experi-
ences of elementary certification students who are being
prepared to serve as catalysts for classroom change.

The explicit themes of educational change and change
agentry in K-12 and university settings are addressed in the
next cluster of papers. Bennett presents the case that school
principals must know how technology can be used to
support instruction and administration, and then assist their
faculty in creating and realizing a technology-enriched
vision for their school. Stud ler describes the work of other
change agentsschool-based technology coordinators. In
his follow-up study, he documents many impediments to
meaningful technology integration in elementary schools
and discusses the implications of these findings for teacher
educators. Kline, then explores issues pertaining to change
process that must be addressed to support the increased use
of multimedia in teacher education. Munson, Poage,
Conners and Evavold further document the change process
as they describe psychological and sociological factors
involved in their collaborative faculty development project
in which they designed computer-based courseware for
graduate sections of their Research and Statistics course.
Following, Van Tassell and Yeager discuss their concep-
tion of the connective skills that teachers and students must
develop to thrive in the information age.

The next group of articles focus on issues pertaining to
staff development. Gunn details a model for faculty
development in her teacher education program that includes
technology infusion, support, and faculty release time.
Schmidt, Merkley, Strong and Thompson describe the
mentoring approach that was used to assist education faculty
in using technology in their courses during the second year
of their technology integration plan. Significantly, this
paper focuses on the interpersonal contact required and the
commitment of the university administration to provide
release time for professional development activities. Next.
Grejda and Smith write about the goals, objectives, and
implementation of a staff development program for
education faculty and faculty in neighboring schools.
Barnes and Ziegler then describe a staff development model
for the transition from DOS to Windows piloted in the
Curry School. Finally, Honey et al. describe an exciting on-
line learning forum in which K-8 teachers are engaged in
on-going conversations about innovations in content,
teaching, and assessing learning in mathematics.

The last group of papers focus on the work of three
collaborative, university-school district partnerships
involving technology and education. Hoskisson, Pullen and

7 4 b

Thompson document the establishment of the State Center
for Innovation in Instructional Technology, an innovative
program for teacher preparation. Baile then outlines issues
involved in the Curry School's efforts to establish an
educational technology consortium which would promote
the development of shared instructional technology class-
rooms and an annual conference. Finally, two papers
describe work in the Professional Development and
Technology Schools Project in Houston, Texas. The project
was created to prepare teachers who are capable of effec-
tively integrating technology with culturally diverse student
populations. The first paper, by Robin and colleagues,
provides an overview of the work to create technology-rich
professional development schools. The second paper, by
Willis, Price, and Robin, describes one of the products being
developed for use in the projecta CD-ROM with material
of interest to teacher educators.
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Marriage for the Twenty-

First Century
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To set the stage for what we want to say in this paper,
we refer to Seymour Papert's latest book The Children's
Machine (1993). In this book, Papert takes the position that
"megachange" has occurred in nearly every field of human
endeavor with one notable exceptioneducation. Papert's
major premise is that megachange will also come to
education as we move into the next century. He believes, as
do we, that technology will play a key role in bringing about
and shaping this megachange. This places an enormous
responsibility on those of us who are involved in technology
and teacher education. We must have a vision of this
marriage and that vision must be based on sound theory,
logic, and practice.

While education and technology have only flirted with
each other in the past, we believe a true marriage will take
place in the future. This can be a successful marriage. It can
provide technology enthusiasts opportunities to realize some
of their long-held dreams. Bringing technology into
education will bring more than just new ways of managing
and conducting education, it will bring new ways of
thinking about education. Papert (1993) describes how
using early computers changed the artillery specialists craft
with the following statement: "Although the ultimate goal
was the same, the means were more than just quantitatively
different; they were epistemologically different in that they
used a different way of thinking" (p. 185). We are positive
about the future of technology in education because we
believe that it can help bring about epistemological changes
in the way we think about teaching and learning.

In this paper, we will present some of the positive vision
we have for the schools after the marriage of technology and
education has taken place. A few facets of our vision will be
discussed along with their technological considerations.
These facets constitute some of the areas we believe teacher
educators need to be exploring, developing, and promoting.

Computer as Teacher
One of our first tasks will be to lay to rest the pervasive

tendency to contrast the teaching effectiveness of a teacher
with the effectiveness of a computer. An example of this
tendency can be seen in a quote by Lewis Perelrnan, who in
a Wall Street Journal article said: "I recently witnessed a
demonstration of a computer program that can teach any
student of any age to read English up to any level of
proficiency" (cited in Cannings & Finkel, 1993, p. 5). In
addition to being a gross exaggeration, such a statement
suggests there is legitimate competition between computers
as teachers, and human beings as teachers. We suggest that
this is a fatuous competition. More importantly such
statements suggest to people who control money, and who
do not know better, that purchasing computers can bring
about more cost effective education than hiring teachers.

Part of our vision, is that computers will be thought of as
teaching tools. We would like to see them thought of as
tools that are used in dynamic teaching and learning
environments; tools that teachers and learners will use
together, and tools that will help good teachers become
better teachers.
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Megachange
Papert's (1993) idea of megachange involves a rethink-

ing of fundamental ideas about what it means to teach and
to learn. Cleborne Maddux (Maddux, Johnson, & Willis,
1992) has spoken widely of Type I and Type II software.
Type I software can be characterized as using technology to
do what we have always done, but in a slightly different
way. Type II software can be characterized as using
technology to do things that have never been done, or that
were thought to be impossible. What we as teacher educa-
tors need to become involved in is bringing about Type 11
change in education. We can do this by preparing teachers
to understand the potential of technology to help us do what
has never been done, and what was previously thought
impossible. Using technology to automate or just enhance
what we have been doing for the past 100 years will bring
little meaningful change to education and surely not
megachange.

Some of the ingredients we would like to see in this
megachange, when technology and educational are truly
wed, follow.

Active Learning
It has been over a hundred years since John Dewey

proposed the radical notion that the best learning environ-
ment is one where learners are active and self-directed. We
believe that technology has the potential to make such
learning environments possible and practical. In fact, as
technology becomes more pervasive, learners will demand
such learning environments.

Critical Thinking
Among the greatest problems in our system of education

is the emphasis on coverage for the sake of coverage. Much
of the literature on critical thinking addresses this problem.
Richard Paul (1993), a leader in the critical thinking
movement says that:

One of the major problems of many
didactic-oriented courses is that students
develop the illusion of understanding
many things that they, in fact, don't really
understand at all (p. 11).

We believe that technology has the potential to allow
students to explore concepts and ideas to a point of deep and
thorough understanding. They will not do this, however, as
long as we perpetuate the idea that there are a set number of
curricular items that must be covered in a given course
regardless of level of mastery. Teacher educators, however,
must be careful not to use the criticism of coverage as an
excuse for inadequate coverage. Our goal should be to

promote in-depth understanding of the essential elements of

a given topic.

Teaching is Not Just Telling
One of the authors of this paper, LaMont Johnson, likes

to tell the story of a time he was required to participate in a
peer evaluation process. A team of colleagues were
scheduled to appear in his classroom to observe and
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evaluate his teaching. He had gone to great effort to
organize a class session that involved students in a simu-
lated exercise directly related to an important part of the
course. The simulation went well. At the end of the class
one colleague said "That was good, but I have been in your
class on several occasions now, and I have still not seen you
teach."

There is a popular myth, both in and out of school, that
defines teaching as standing in front of a group and talking.
We think teaching occurs when teachers and students
engage in various learning activities, in various ways, with
the teacher orchestrating the total event. Technology can
provide us with the tools for conducting learning sympho-
nies far richer and more exciting than anything we have
even dreamed of in the past.

Next, we will turn our attention to some of the ways we
think specific technological applications will play a role in
bringing about megachange:

Interactive Multimedia
Interactive multimedia will help us discover different

ways of thinking about learning. John Hirschbuhl (1992)
provides a concise description of what this means:

Today we are using multimedia as a tool for helping
learners master thinking skills for assimilating massive
quantities of information. In order to make full use of
technology, multimedia must be used as an engine to enable
learners to transform infonnation into knowledge by means
of inquiry based on higher-order thinking (p. 321).

The vision the interactive multimedia enthusiasts have
of learners navigating their way through vast databases of
text, sound, graphics, and video is exciting. While there is .

plenty of room for skepticism, and while it is easy to point
to the need to move slowly, this whole movement definitely
suggests that technology may well provide us with the tools
that can help us gain new insights into learning processes.
Such insights may then translate into increased learning
efficiency.

Telecommunications
Computer telecommunications can help us discover

different ways of thinking about how to organize a class-
room. It is clear from recently proposed actions on the part
of government that a National Information Infrastructure
will be expanded and refined to serve the entire country. It is
also clear that services to schools will make up an important
element of this huge network. As this happens, we will see
classrooms with one or two computers connected to a
universe of information resources. Instead of students
thinking of their basal texts and a meager library as informa-
tional resource, they will think about the libraries of the
world, scholars at major universities, government agencies,
other teachers, and other students as sources of information.
To incorporate this vast informational resource into the
teaching and learning process, creative ways of organizing
the classroom for learning will develop.

Such creative classrooms will require movement. If we
were to visit such a classroom, we might find students
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moving from the information stations, to discussion groups,
to other work areas, to the teacher station, and back to an
information station.

Logo Genre Software
Logo genre software will help us discover new ways of

thinking about what it means to teach. We use the term
"Logo genre software" to suggest the type of software that
intends to create a whole learning environment, similar to
the Logo microworld concept Harper (1989) defines the
Logo microworld as a place "where the user is given
personal control over the creation and discovery process" (p.
27). Teachers who use technology in this way will find
themselves relinquishing control and working more as
facilitators. In a true discovery learning environment,
students and teachers will often be discovering together.

Virtual Reality
Virtual reality will extend the classroom far beyond

what we have imagined. Papert (1993) tells a story about
working with a young student who wanted to know how
giraffes sleep. Papert got interested and went to his personal
library to find the answer. He expresses the idea that by
searching through his books, with their words and pictures,
he experienced an extended immediacy (p. 8.) to Africa and
the giraffes. Hirshbuhl (1993) defines virtual reality as "a
technology that demonstrates that we are on the brink of
having the power to create any experience that we desire"
(p. 166).

Think of the "extended immediacy" virtual reality will
one day provide. For those who are skeptical, witness the
motion video theaters that are springing up at various
amusement centers. In these theaters, people take simulated
dangerous journeys, where they experience many of the
same sensations as those experienced in the real trip. The
question of how close a student can come to visiting Africa,
without visiting Africa, is impossible to answer right now.
One thing is sure, however, Africa will be brought a lot
closer to the American classroom of tne future than it is
today.

Conclusion
The marriage between education and technology will

not happen as quickly as we would like. But it will happen.
In the end, it will be a positive relationship and American
society will be better because of an improved educational
system. We can either be part of the wedding party, or we
can watch from the street. Our challenge to teacher educa-
tors who have a vision for the megachange that will occur
when the marriage takes place, is to roll up their sleeves and
be part of it. The place to start is in our own classrooms.
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United We Stand: A Portrait
of Teachers and

Technology in Rural
America

Christene K. Bennett
Eastern New Mexico University-

Roswell

Jerry A. Bennett
Roswell Independent School

District

Society is riding a technological tidal wave unprec-
edented in human history. Developments in computers and
related information techt,ologies forge fundamental changes
in the ways we communicate, yet the American educational
system makes little progress incorporating new technologies
into classrooms. Although computers can be found in
almost every public school in the United States, research has
shown the integration of computer-assisted instruction into
the curriculum to be minimal (0.T.A. 1988; Preston, 1990;
Waxman & Huang, 1993). Teachers engaged in the
technology race are finding it difficult to succeed due to lack
of resources, support, and technological training (Jongejan,
1990; Knupfer, 1989; 0.T.A., 1988).

There seems to be a philosophical consensus within the
educational community that teachers and students should be
technologically proficient, but there is little resolve "to put
our money where our mouth is." School boards mandate
the use of computers without understanding the complexi-
ties of issues involved in computer-assisted instruction,
systems and software are purchased without consideration
of the impact on instructional delivery, and the installation
of sophisticated computer systems in classrooms is equated
with doing what we can to assist teachers in preparing
students for the future. So where do teachers and technol-
ogy stand in 1993?

For more than a decade, the authors of this paper have
observed teachers' reactions to the introduction of comput-
ers into the classroom. As with any innovation, we've seen
teachers respond to the arrival of a computer into their
classroom in one of two ways: they either pretend it isn't
there or they learn to use it. Some teachers find no joy in
the arrival of a new computer in their classroom. They are
overwhelmed with the prospect of not only having to learn
to use the machine themselves as well as learning how to
integrate the use of it into their instructional repertoire. As a
result, the uninvited stranger is ignored. Typical coping
strategies used by teachers in this situation include leaving
the computer unplugged and covered up in a corner of the
room, telling students it is broken, or letting students use it

as an arcade-type amuser lent.
Not all teachers, however, have poor attitudes and skills

about using computers in their classrooms. It appears that a
relatively small, but growing number of teachers welcome
new computers into their classrooms and use them as an
integral part of instruction. They explore new software and
technologies and willingly try new instructional strategies.

As the Director of a Master of Arts in Education
program in rural southeastern Ohio and an educational
technology consultant, these authors became especially
interested in what factors influenced teacher attitudes
toward computers and how the machines were being used in
classrooms. It was the Director's responsibility to revise the
graduate teacher education curriculum to include instruc-
tional technology components, and the consultant's role to
investigate the status of technology use by area schools. By
interviewing teachers, school administrators, college
instructors, and undergraduate and graduate students, we
developed the following hypotheses:
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(a) teachers want desperately for their students to succeed
and receive the best possible education,

(b) teachers realize the growing need for students to be able
to manage information in our society,

(c) teachers who use computers have a different attitude
toward the use of technology in education than teachers
who don't, and

(d) teachers feel unsupported in their attempts to wrestle
with the integration of electronic media into chalkboard
pedagogy.

This paper reports the findings of a research study which
provides a portrait of teachers and technology in rural
America.

The Study
In July 1993, the authors conducted a study designed to

formally examine the attitudes of practicing teachers toward
technology in education and determine the level and type of
computer usage in their classrooms. A sample of fifty-
seven teachers enrolled in a Master of Arts in Education
program were surveyed. Participants taught grades ranging
from K-12 and represented fifteen rural school districts in
southeastern Ohio. The average age of participants, which
included 13 males and 44 females was 37. Years of
teaching experience ranged from 2 to 27, with an average of
11 years.

Methods
Participants completed a three-part survey, the first two

of which included a demographic section and a set of open-
ended questions designed to determine amount and type of
their classroom computer usage, to examine their percep-
tions of the value of inszuctional technology, and to
investigate their perceptions of the level of school district
and administrative support. In the third section, participants

vit

used a nine-point Liken-type scale to indicate strength a
agreement with statements regarding attitudes toward both
personal and professional uses of computers. Follow-up
interviews were conducted with a subset of 10 participants.

Data analysis of the qualitative portion of the survey
began with categorizing and coding open-ended responses
to questions. Categories were identified and the frequency
of each response was determined and described. Results of
the Liken-scale portion of the study were analyzed statisti-
cally using paired t-tests and standard deviation to deter-
mine if any statistically significant agreement was reached
and if any statistically significant differences existed
between identifiable groups.

Results
Of the 57 teachers surveyed, 38 (67%) reported regular

personal use of computers, mostly for word processing.
Twenty-two of the 38 teachers (58%) who used computers
on a regular basis and had a computer in their classroom
reported having integrated computers into their instructional
practices.

Nineteen of the 57 participants (33%) did not make
personal use of computers on regular basis. Four of these
teachers had a computer in their classroom, and two of these
four reported having integrated computers into their
curriculum.

The 26 teachers with computers in their classrooms
reported student usage ranging from robotics to games. The
majority (23) of teachers identified drill and practice, word
processing, and games as the most common uses of
machines by students. Seven teachers indicated that the
average amount of time their students spent with computers
per day was less than 10 minutes, seven said their students
spent 10 - 15 minutes per day at the computer, seven said
their students had 20-25 minutes per day, and five teachers
(three of whom were responsible for computer labs)

Table 1
AU teachers responses to Likert-scale questions (n=57)

Mean SD

Computer use part of all aspects of education 7.1 1.9

District has helped me substantially 3.4 2.2

Students are technologically ready 4.1 1.8

Computers are useful in my teaching 5.8 2.4

Computers are useful in my personal life 6.7 2.3

Administrator strong proponent of computers 5.9 2.3

Subject of computers and technology is irritating 2.3 2.0

Too busy to incorporate computers 3.3 2.6
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Table 2
Teachers who regularly use computers compared to those who don't use computers on a regular
basis

(n=41)
Do use

(n=16)
Don't use t-test

Mean SD Mean SD t-value P=

Computers part of all aspects of education 7.1 2.0 7.0 1.7 -.177 .8615

District has helped me substantially 3.5 2.3 3.1 2.0 .589 .5651

Students are technologically ready 4.1 1.7 4.2 1.9 .905 .3817

Computers are useful in my teaching 6.5 2.1 4.3 2.4 4.516 .0004

Computers are useful in my personal life 7.7 1.4 4.3 2.1 6.016 .0001

Administrator strong proponent of computers 5.9 2.2 5.7 2.6 .5202 .659

Subject of computers is irritating 1.8 1.5 3.4 2.5 -2.971 .0101

Too busy to incorporate computers 2.6 2.0 4.6 3.2 2.147 .0475

Table 3
Teachers who had integrated computers into their instruction compared to those who had not

(n=22)
Do use

(n=35)
Don't use t-test

Mean SD Mean SD t-value P=
Computers part of all aspects of education 7.8 1.2 6.6 2.1 2.386 .0270

District has helped me substantially 4.1 2.4 2.9 1.9 2.5 .0226

Students are technologically ready 4.6 1.6 3.9 1.9 1.32 .2042

Computers are useful in my teaching 6.8 1.9 5.1 2.5 2.414 .0261

Computers are useful in my personal life 7.3 1.9 6.2 2.4 .348 .7319

Administrator strong proponent of computers 6.0 2.2 5.7 2.5 .692 497

Subject of computers is irritating 1.9 1.8 2.6 2.1 -.889 3855

Too busy to incorporate computers 2.1 2.0 4.1 2.6 -2.147 .0449

responded that their students used computers 40-45 minutes
each day.

Responses to the Liken-scale questions were analyzed
statistically. Table I shows the standard deviations and

means obtained by grouping all teachers together. Neutral
responses hold a value of 5, responses greater than 5 show
agreement, and responses less than 5 indicate disagreement.
Teachers agreed that computers should become part of all
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aspects of education. Teachers did not feel that their distnct
helped them significantly to integrate computer use into
their curriculum. They also did not believe that their
students were technologically ready for employment or
higher education after graduation from high school.
Teachers perceived computers to be useful personally and in
their teaching and school administrators were generally seen
as proponents of computer use. They reported that comput
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ers should be integrated into the system and indicated that
integration of computers into classroom instruction must
begin immediately, regardless of workload or district
support.

Data were then analyzed by grouping teacher responses
based upon whether they did or did not use computers on a
regular basis. Table 2 shows means, standard deviations,
and paired t-test results for each group. Significant differ-
ences were found between computer users and non-users on
several questions. Teachers who did not use computers on a
regular basis viewed computers as less useful, both person-
ally and professionally, and more irritating than regular
computer users. Non-users were also more likely to view
themselves as "too busy" to incorporate computers into their
classroom instruction.

Finally, data were grouped by whether the teachers had
or had not integrated computer-assisted instruction into their
curriculum. Table 3 shows means, standard deviations, and
paired t-test results for each group. Statistically significant
differences were found between responses on four ques-
tions. Teachers who have integrated computers into their
classroom instruction were more likely to agiee that
computers should be a part of all aspects of education, that
their districts had been helpful, that they found computers to
be useful in their teaching, and they were not too busy to
incorporate them into classroom practices.

Though most (56%) of the 57 teachers responded that
their school district and administrator supported their use of
computers in the classroom, they also indicated that a lack
of school funding limited the support that was given.
Teachers described several kinds of support they had
received, including new hardware and software, a pat on the
back for trying to use a computer in the classroom, inservice
training, help from a district specialist, and a policy allow-
ing teachers to take computers home.

The study also found that the majority of participants
(87%) strongly agreed that computer use should become
part of all aspects of education, but felt school districts and
the public did not adequately fund technology in education.
Most teachers thought districts should provide more money
to purchase hardware and software, to maintain equipment
in current use, and to provide inservice training.

Finally, when teachers were asked to describe their
thoughts on the place of computers in the edu
system, all 57 agreed that computers should be an integral

part of every classroom. However, they expressed concern
about when and how that would happen given the lack of
funding for equipment and inservice training. Teachers

were deeply concerned about their inability to prepare
students with the technological skills they need now and in

the future. Ninety percent of ad teachers believed high
school students were not technologically prepared for the

job market at graduation.

Conclusions and Implications
This study focused on a relatively small group of

teachers from rural school districts. Their attitudes toward

and usage of technology in their classrooms parallels the

results of similar research with other populations. Personal

users of computi,rs who had computers in their classrooms
were the individuals who used computers the most in their
teaching.

It appears that the more teachers know about technol-
ogy, the more articulate they become in describing their
needs and the more likely they are to use technology in their
classrooms. Individuals participating in this study who did
not have access to a computer for personal or classroom use
only hiclicated that they needed equipmein and software.
Teachers who did have computers available indicated needs
not only for additional hardware and software, but also for
inservice training and the maintenance and upgading of
equipment.

In many teachers' minds, the solution to the problem of
advancing our schools technologically seems simple, or at
least there are simple first steps they think can be taken -
give them a machine, give them software, and show them
how to use ii. But all too often, the machine and software
never arrive or are received unusable.

Experience tells us that even when the needed equip-
ment and materials do arrive the rest of the process is not so
simple. The purchase of equipment is only the beginning of
a long, expensive, complicated process. Long-range
planning; teacher training; follow-up support; purchase,
review, and upgrade of software; and maintenance and
upgrade of equipment require dollars not available to or
inadequately budgeted for by school administrators.

It was interesting to find that most teachers who reported
having integrated computers into their curriculum and
instruction interpreted that to mean computers were used to
support traditional classroom instruction by means of drill
and practice or computer games. No teacher talked about
using databas.6, desktop publishing, or telecommunications
to enhance instruction. Very few mentioned other techno-
logical devices that, when used with computers, can greatly
enhance the quality of instruction. This indicates that these
teachers, like many others, view the use of computers as a
supplementary means to reinforce existing practice. The
larger picture of integrating computer-based writing,
problem solving, and other higher order cognitive skills into
all the curricullm was nonexistent in this case.

All teachers in this study stood united on one issue -
their view on technology's place in education. Though they
had a narrow view of what such integration might be, they
all agreed that computers and other information technolo-
gies must be fully incorporated into the educational system.

Teachers at all grade levels also agreed that today's high
school graduates are not technologically prepared for either
the workplace or higher education. If our society is going to
survive economically in today's and tomorrow's markets,
then we must prepare students to succeed in a technological
environment.
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Aligning Information
Technology With Curricular

Intent

Barbara Burkhouse
Marywood College

As teacher educators, most of us have probably found
ourselves admonishing prospective teachers to clarify
instructional purpose or objectives before designing
activities, since the latter, without grounding in the former,
are unlikely to be purposeful. Similarly, it is appropriate for
us to apply this principle in making decisions regarding the
use of technology, especially when it is increasingly
abundant, dramatic, and costly. Unless we do so, we risk
proliferating technological "add ons" in courses and
programs which are already "full." In this paper I will
recount the recent efforts of colleagues at Marywood
College to systematically integrate technology throughout
teacher education curriculum.

Undergraduate faculty at Marywood College worked on
teacher education curriculum revision, supported by Title Ill
funding in the years 1990-1993. In line with accreditation
standards of the National Council for the Accreditation of
Teacher Education (NCATE, 1990) and also Galluzzo &
Pankrantz (1990), we first collaborated across departments
and with elementary and secondary teachers to articulate the
knowledge base undergirding our teaching efforts and
program design. Formally, we committed ourselves to
principles and p. actices such as active learning, respect for
cultural differences, and reflectivity. In particular, we
pledged to model technologically rich learning environ-
ments in our own work and to promote our prospective
teachers' effectiveness in such settings.

Technology Supporting Instructional
Purpose

In curriculum revision workshops with school practitio-
ners, we conceptualized instructional technology as a
support rather than a separate goal. But, meanwhile, we had
in place a required, separate, media course for elementary
teachers, while a much less substantial skills test component
in a generic curriculum and instruction course sufficed for
secondary and K-12 students. Obviously, in this design,
faculty could only promote, rather than assure, media
integration and application. Eventually, following some-
times painful and usually spirited deliberations, we elimi-
nated the separate course and agreed that while every
teacher education faculty member would assume general
responsibility for modeling effective use of instructional
technology, it was necessary to assign individual account-
ability to assure student use and skills development with
specific technological applications.

Following is a description of several applications for
which I have responsibility, including the instructional
purpose, the requirement for student use, and successes or
difficulties associated with implementation.

Video Cameras/Camcorders. Many significant
aspects of teacher behavior can only be captured visually.
Neophytes often do not realize that they fail to maintain eye
contact, for example, or that their facial expressions convey
more than their spoken language. As camcorders become
less expensive and more simple to operate, they offer
opportunity for reflection and analysis.

Elementary education students teach their peers to use
specific instructional resources for mathematics; in another
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semester, they report on a current educational issue, such as
home schooling, for a foundations class. Both tasks are
intended to blend content mastery and communications
skills; prospective teachers receive written peer commentar-
ies and an instructor evaluation. Finally, they write a self-
analysis, after viewing a tape recorded by a peer.

We enjoy the luxury of camera delivery and set up prior
to class time, and to date, the class always includes some
experienced users. We encourage students to operate the
cameras, which models the advantage of peers sharing
expertise.

After class, the tape, with presenters' names listed on its
slip-case, is placed in our curriculum laboratory, allowing
for private viewing outside of class time. While we supply
a general tape for class use, I encourage individuals to bring
their own tape for portfolio purposes. Occasionally the
schedule is foiled by unexpected absence of the recorder
(each student must discharge this responsibility) or pre-
senter, and novices have, on rare occasions, inadvertently
rewound and recorded over earlier presentations. Other-
wise, student filming skill has been adequate, peer satisfac-
tion is high, and the self-analyses indicate sensitivity to
essential and subtle teaching behaviors.

Word Processing Software. Uven the increasing
use of word processing by young students, the demnnds for
writing across the curriculum, and the expectations for
professional productivity, it is not surprising that we
promote the use of this utility. Both of the courses cited
earlier require production of materials by word processing.
In a methods class, students must use a template to prepare
plans for their tutorial; they receive strong encouragement to
employ word processing in other assignments such as
teaching logs. In the foundations class, they must submit
their research paper formatted in APA style and produced
via word processing.

The activities described are not the initial word process-
ing experience for students, so the actual document produc-
tionis not a major challenge in most cases. Furthermnn... to
reduce anxiety of the occasional novice user, word process-
ing (as well as camcorder) experience is one of the factors I
consider in making heterogeneous cooperative group
assignments. Each work group of four or five has at least
one or two skilled users, who, along with the Academic
Computing Center staff, serve as consultants for the task.

The real challenge for most individuals lies in the APA
formatting. While we recently acquired a software package
which should facilitate this task, I confess that its mastery is

still on my own "to do" list!
Spreadsheet Software. Our decision to incorporate

spreadsheet technology was more selective than the other
media forms cited earlier because its need is less universal
across curricular areas. Unnecessary to effective teaching in
children's literature, the ability to do "what if?" data
management is significant in other fields. For example, one
colleague has prospective teachers compute averages as part
of an elementary seminar and another does equipment
budgeting in a management course for early childhood
educators. My own utilization is in mathematics pedagogy,
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in the "How many of each coin would you have if the total
of your fifteen coins is $2.87?" genre. Each of the faculty
c;ted uses a pre-developed template, so students' effort is
spent in working with the data rather than in determining the
formulas which structure the table.

My experience here is quite limited, but to date I find
that this application requires relatively more instructor
support, since student prior use is limited. At present I
perceive students as using this software to fulfill assigned
tasks; most do not yet generalize its power for their own
initiative. Nevertheless, they appreciate the opportunity to
focus on the conceptual rather than the computational aspect
of the question under consideration.

Commercial Instructional Software. Traditionally
we have required our students to support their own instruc-
tional planning, by choosing appropriate trade books or
educational films. But many completed their own elemen-
tary and, in some cases, even their secondary education
without extensive benefit of computers. Few have had
personal experience with the broad array of commercial
software increasingly found in schools. We acknowledge
that our mission is not to prepare computer specialists who
will oversee self-contained labs, but classroom teachers who
should know the needs of their students and the potential of
their curriculum. Consequently, we require that they work
through representative software and evaluate the programs
on the basis of their being developmentally appropriate,
instructionally relevant, and easy to operate.

This is a favorite task, perhaps because school software
is often attractive and sometimes its content does not
challenge new college-level users. Ironically, though,
prospective teachers have been known to report on the
"impossibility" of a piece of software, only to be informed
by a parent or teacher that it is a great hit with youngsters!
Simultaneous field experience offers a "reality check" on
such assertions, much as it raises expectations of children's
computer facility. Overall, the chief advantage of the
software review task seems to be the increasing ability of
future teachers to identify valuable computer software
resources for their own teaching, whereas previously their
resources were limited to print materials.

Electronic Data Bases. The rationale for requiring
facility in automated information retrieval is obvious;
teachers must acquire data, and it is no longer adequate to
limit one's research skills to card catalogs and written
indices. Still, our work in this resource is comparatively
unsophisticated. For example, effectively utilizing Internet
is still in the future tense; for the present our students must
demonstrate ability to search library holdings electronically
in order to identify resources for research papers and
presentations. Since we began requiring submission of
print-outs from searches we are witnessing a consistently
improving level of professionalism in references.

The problems associated with this curricular component
are minor. Introduction of the resource in earlier
coursework demystifies the requirement in the capstone
foundations course. Excellent reference staff in the
Learning Resources Center are patient with those who lack
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confidence or skill in searching. An occasional user forgets
how to stop printing an indiscriminately long list of
resources, but the only other student complaint is that the
College does not hold every possible source for a paper
being researched! Acnially, this testimony has raised our
own ability to make more significant purchasing recommen-
dations.

Overhead Projectors. As we consider our rationale
for requiring prospective teachers to use the relatively
simple, and surely ubiquitous, overhead projector, some of
us confess that it is because we've all seen them so poorly
used so often! Since overheads can be used by youngsters,
since they naturally provide spontaneous joining of the
audio and visual modalities, and, especially because they
permit eye contact with viewers (a major factor in class-
room management ), we believe that they are essential.
However, whereas many students have had at least limited
experience using most of the other media forms cited above.
virtually none has had reason or opportunity to learn
effective use of overhead projectors outside the teacher
education sequence.

We find the need to provide preliminary information
regarding transparency design and to encourage actual
rehearsal of the projector's use, so prospective teachers
learn how to focus a specific transparency on a given
machine in a specific settingand then to stand without
blocking its triumphant image!

Actual implementation of this technology has been
uneventful. Teacher candidates make the predictable
mistakes of crowding the transparencies, of facing the
projector in the wrong direction, and of lettering with an
attractive-but hardly legible-pastel marker. They recover
quickly, however, and are eager to add the overhead to their
repertoire of "real classroom" skills.

Final Word
Although it is too early in the curriculum revision

implementation to share firm assessment indicators, I
endorse the logic of integrating technology and requiring
evidence of skillful use throughout the teacher education
sequence. Presentations by my colleagues, Professors
Ruthkosky, Sadowski, and Draina, detail other applications.

Credits and Acknowledgments
Title Ill funding supported much of the curriculum

revision work during the 1990-94 period.
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Technology in Schools: A
Call for Curriculum

Integration

Lois K. Draina
Marywood College
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A critical element in successful educational reform is
well-planned, site-based infusion of technology into both
elementary and secondary classrooms. Educators continue
to discuss the merits of technologically rich classrooms and
the place instructional technology should play in the
teaching-learning process. The current challenge is
movement from discuSsion to action. Some teachers are
using technology, mainly computers, to remediate and
motivate. A few teachers move beyond this level to more
sophisticated applications. So much more is needed.

This paper addresses the need for K-12 administrators
and teachers to approach the infusion of technology into
schools and classrooms in a holistic fashion. It is an attempt
to heighten awareness of the need for a deeper understand-
ing of the place technology must play in curriculum
renewal. It is a call for inservice training in technology that
is site-specific and embraces a vision both the administrator
and teachers hold for the best learning possible for all
students.

As a case in point, the paper will describe the manner in
which Matywood College graduate school faculty utilize
funding initiatives in science and mathematics to develop
inservice opportunities which integrate science and math-
ematics content with technological applications. Strategies
used to provide leadership candidates with skills needed to
support infusion of technology in schools also will be
discussed.

Where are we now?
The use of technology in the classroom is making a

difference. Betty Collis (1990) reviewed over 180 studies
of student achievement and attitudes toward learning. Her
conclusions indicate that computers are remarkable catalysts
for educational excitement, self-examination, and intellec-
tual growth.

Sheingold and Hadley (1990) report three major changes
taking place in technologically enriched classrooms:
1. Teachers present more complex material and higher

expectations of their students.
2. Teachers can better meet the needs of individual

students.
3. Integrating the computer turns a teacher-centered

classroom into a student-centered one, with more
collaboration among students and between student and
teacher, and with the teacher acting more as a coach than
as a dispenser of information.

Most professionals involved in educational reform and
restructuring agree that technology allows both the teacher
and the student an opportunity to experience new ways of
learning. Instructional technology supports, enriches, and
facilitates good teacher planning and instruction. The
computer can transform the classroom from a passive, cne-
directional, adult-centered learning space into a thinking,
organizing, revising, active area where each child is
engaged in problem solving and collaborative learning.

Unfortunately, however, many studies find little
computer/curriculum integration (Becker, 1989; OTA
1988). Sheingold and Hadley (1990) report that computers
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are not being used systematically as tools across the
curriculum and that, although computer use has changed
somewhat within the past decade, it remains the case that
computers are not an integral part of subject matter instruc-
tion. Surveying 600 computer-using teachers, they found
that most take at least five years to "master" computer-based
instructional practices.

Where do we go?
Educators seriously engaged in revitalizing their

curriculum begin the process by asking some key questions,
such as: "What do we know about how children learn?"
"How is our current program either meeting or not meeting
the needs of our students?" and "Why do we want to
change a program?"

Carefully facilitated discussions between leaders and
teaching faculties can build a solid foundation upon which
curriculum improvement can be made. Ideally, a school or
school district will analyze where it has been and where it
wants to go to establish a broad-based curriculum frame-
work complete with goals, objectives, strands, and skills.
Only then does further refinement produce courses of study
and unit plans into which technology is integrated.

A simple, systematic plan for technology infusion into
curriculum revision is imperative. Planning for technologi-
cal integration requires seeing the whole picture and dealing
with total application. Dimensions include instructional and
administrative technology applications, consideration of
learning and teaching styles, facilities to support technology
use, and, finally, decisions regarding appropriate hardware
and software purchases.

Higher Education's Role in inservice
Training

Well-designed and thorough staff development can
make technology infusion a reality. One vehicle for such
inservice education is collaboration between institutions of
higher education and local districts. Colleges and university
typically have the resources to provide the follow-up
support needed to create the foundation for long-lasting
change.

This type of collaboration has proven valuable at
Pennsylvania's Marywood College, where in 1990 and
1992 K-6 teachers participated in a graduate-level course
entitled "Cooperative Learning with Mathematics and
Microcomputers." Practitioners designed math lessons and
units of instruction which embodied the principles of
cooperative learning, National Council of Teachers of
Mathematics (NCTM) standards, mathematics
manipulatives and microcomputers. Student responses at
the conclusion of the course indicated that they not only
coniumed knowledge, but also produced knowledge and felt
responsible for their own learning. Most importantly, they
felt that this experience would "make a difference" in their
classrooms. Technology did not drive the program, but it
was an essential ingredient in the positive student outcomes.

Similarly, through Eisenhower funding, the college has
offered "Strategies for Effective Science Teaching," a
course designed for K-6 science teachers. The course

outline was but a framework which allowed the application
of a variety of teaching-learning strategies such as thematic
instruction, cooperative learning, hands-on science, and the
use of technology. As interdisciplinary themes were
developed, the integration of a variety of technologies
including microcomputers, laserdiscs, and videotapes was
stressed.

It is clear that in both inservice training experiences the
classroom teachers needed to be motivated to integrate
technology in their programs. At first, due to their lack of
knowledge and training, they were apprehensive and
skeptical; but using simple approaches that are easily
transported to K-12 classrooms won the majority of the
teachers over.

Teachers can take the lead when it comes to a broader
understanding of curriculum renewal and how technology
fits into this reform. Teachers know how to carefully
integrate new technologies into skeptical, cautious, and
traditionally structured environments. Teachers are key to
the infusion of technology into the curriculum.

Administrative Support
The ecology of schools provides us with the reality that

the school or school district's vision is centered in the
persons holding positions of leadership. Research tells us
that the principal is the key figure in effective schooling. It
follows, therefore, that the impetus, the spark, for the
infusion of technology into curricular reform would be with
the building administrator.

School leaders can support a technological evolution by
expanding their vision of quality schooling to include
technology-rich classrooms. This vision must then he
accepted by ati stakeholders in the educational community
and focused in creative, site-based planning procedures
which realize that electronic learning is not the future, but
pp.w. Administrators must give teachers the tools, staff
development opportunities, and time to experiment with and
learn to teach with technology.

In Marywood College's School Leadership training
program, future school administrators are immersed in
strategies to effect school change. Change is addressed
through a study of successful leadership strategies including
curriculum design, budgeting, and fund-raising initiatives
that have the potential to move away from "business as
usual." High on the list of all these strategies is the applica-
tion of technology and the impact it must have in connecting
all that leaders do to effect change. Students are given
opportunities to meet And converse with Instructional
Technology majors. These exchanges have led to interesting
and practical implementation ideas.

Conclusion
Movement from discussion to action is critical. Admin-

istrators and teachers must embrace the notion that schools
exist to provide the best possible learning for all students.
With this btlief, curriculum reform takes on new dimen-
sions. Technology must play an integral role in the teach-
ing/learning process so that students are best served now
and in the future.
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Developing Customized
Media for Preservice

Teachers

Kathleen Ruthkosky
Marywood College

In 1990, under the auspices of a Title Ill grant, the
Undergraduate Education Department at Marywood College
sought to enhance its teacher preparation program. One
proposed outcome for the project was to produce interactive
video programs on topics of concern for preservice teachers.
During the project's first three years, interactive video
programs have been designed by repurposing existing video
and producing original video footage.

Repurposing Existing Video
The design and development of interactive video was a

new venture for Marywood College. The first step in the
process was the formation of a design team. The core of
this team, which has remained constant over the four years
of the project, consists of an instructional designer, video
specialists, computer programmers, and content area
specialists. The team members had limited knowledge of
how to design and produce an interactive video program.
For this reason the first year's project was guided by an
instructional technology intern with interactive video
expertise and a conscious decision was made to repurpose
an existing videodisc rather than produce original video for
the first project. By saving production time the team was
able to focus on the skills necessary for designing and
developing an interactive video project.

Once assembled, the team had to choose a topic for the
prognan. Each year, graduating education majors participate
in a formal exit interview during which students reflect on
their experience in program. During these interviews,
students have consistently requested more information on
the topic of classroom management. This request served as
a springboard for the needs assessment conducted by the
design team.

Student need was examined from several different
vantage points. Courses in the education sequence were
examined to determine what information on classroom
management was disseminated to students. Despite student
requests for more information on this topic, a review of
evaluation forms showed that student teachers typically
received a rating of average or better in the area of class-
room management during their student teaching experience.
To get a clearer sense of the total picture, the design team
surveyed cooperating teachers who had supervised two or
more student teachers during the previous five years, first
year teachers who graduated from Marywood. and student
teachers who were completing the seventh week of a fifteen
week student teaching experience. Each were asked to
review a list of classroom management skills, check any
area which required more attention, and prioritize the items
checked. The findings indicated that the majority of
participants felt more information was needed on managing
inappropriate behaviors, so the team decided to concentrate
their efforts on this topic.

With a clear sense of student need, the team began to
review existing videodiscs on the topic of classroom
management. Much to their surprise, very few discs were
found. Those that were on the market did not meet the
objectives establishe:1 for the project. An alternate plan was
formulated. Rather than using an existing disc, efforts were
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concentrated on finding video tapes. The prevailing
thought was that if appropriate tapes could be found, the
team could seek permission to copy them onto a disc and
develop our program accordingly.

Using existing video did have one major draw back it

limited the level of interactivity. The original plan was to
give students an opportunity to apply solutions to common
classroom management problems and see the consequences
of their decisions. The team's ability to follow through on
this plan was limited by using existing video. They felt,
however, that this could be compensated for in the design of
the computer stack.

A set of video tapes produced by Dennis Smith of
Memphis State University were chosen for the project. Dr.
Smith granted Marywood permission for use of the tapes.
To validate content, the tapes were viewed independently by
a group of educators. Each person, given a list of segment
titles, was asked to check whether the segment depicted a
valid example of inappropriate student behavior. Once
completed, all forms were reviewed fc..- commonality of
response.

Segments chosen by the majority were edited onto a
single tape and pressed onto a laserdisc. SuperCard was
used to create the text and graphics needed for the computer
interface. In a typical sequence for the individual student
user, the student watches a simulation of a classroom
management problem, chooses a classroom management
theory to apply, answers a question concerning how to apply
the theory and is given feedback on the answer.

For successful implementation several key tasks had to
be accomplished A workstation that allowed for individual,
large and small group access was established. Information
sheets on how to operate the program were posted at the
workstation and lab assistants were trained in the use of the
equipment. Faculty were given demonstrations on how the
program could be integrated into their course content.

Several problems surfaced as students began using the
program. Clarity of directions was the mostprevalent
problem. The team made several incorrect assumptions
concerning the user's skill level. Ttlis led to frustration on
the part of the user. Lab assistants had to be very familiar
with the working of the program so that they could answer
questions that arose. Simply providing them with a
demonstration was not adequate training. A second
problem dealt with the system for logging onto the program.
Once students were logged on, if they quit the program in

any other manner than the prescribed manner the system
would not log off. Consequently, the next person to use the
program could not log on. As problems arose, modifica-
tions were made to the program and lab assistants were
given additional training.

Producing Original Video
As using existing video had limited coverage of

classioorn management issues, the design team chose to
generate original video footage and create a second interac-

tive project on the same topic. After reviewing the research

literature on classroom management, members of the design

team decided to focus the content of the second interactive

1

6 4

video on five preventive classroom management strategies:
setting rules, establishing procedures in the classroom,
handling transitions, overlapping and with-it-ness.

The first design issue the team had to consider was
whether to shoot footage of actual classrooms or stage the
scenarios. The framework for the interactive video was
designed to present information on each strategy, present
video examples and non-examples of the strategies being
applied, and assess students' learning. It was decided the
best course of action was to stage the classroom scenarios.

Several factors entered into the decision. The program
was designed to show both appropriate and inappropriate
examples of each technique. Simply turning a camera on in
a classroom could not guarantee the quality or appropriate-
ness of the footage. Also, permission to use the tapes would
be needed from all participants. Team members did not
want to deal with problems that might arise if students did
not return the required forms. Staging the vignettes created
another set of problems: scripts would need to be written
and validated, shooting would need to occur in classroom
settings at a time that was not disruptive to the school day,
actors needed to be recruited, and the final product would
need to have a realistic rather than staged quality.

Scripts were collaboratively written by content experts
and school-based educators. Since script writing was a new
experience for them, more time than anticipated had to be
devoted to this task. What the team found to be most
helpful was pairing together a script writer and a team
member. The team members knowledge of the program
design helped focus the script writer's content.

Once the scripts were approved, arrangements for taping
were thalized. Permission was granted by a local private
elementary school for the use of classroom space. Taping
occurred for two weeks during the summer months. Taping
at this time seemed to be a logical decision because the
shooting would not be disruptive to the regular classroom
activities. However, it did present a problem in recruiting
actors.

The team sought the assistance of faculty members and
the School for Continuing Education. Faculty from the
Communication Arts department had contacts with local
high school drama clubs. This contact was instrumental in
recruiting actors for several of the video segments. Every
summer, the School for Continuing Education sponsors a
College for Kids program. Pyers requesting volunteer
actors were distributed to students participating in this
program. While the response was not overwhelming, the
team was able to gather enough actors to stage the remain-
der of the segments.

Because production was designed in this manner, it was
crucial that the taping produced a quality video product that
would require minimal reshooting. School based educators
were invited to observe the taping of each segment. While
observing the taping, they were asked to judge the authen-
ticity of the segment being taped. To validate the accuracy
of the completed tapes, student teachers and pre-college
teachers were asked to view each segment and, on a scale
of one to five, rate the effectiveness of the teacher's
technique. Participants in this activity were also gi ven the
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opportunity to comment on each segment. This information
was used to edit and/or reshoot segments deemed inappro-
priate.

The current status of the project is that support materials
are being developed and faculty members are considering
how the program best can be integrated into course work.

Lessons Learned
Each process used by the design team offered both

strengths and weaknesses. Repurposing allowed the team
time to develop the necessary skills and focus on the
instructional design process. To produce good interactive
video programs sound instructional design is a necessity.
The team discovered that repurposing required more up-
front time. Time had to be spent reviewing existing
materials. One drawback to this approach is that there are
no guarantees that appropriate material will be found. If it is
found, the issues surrounding copyright must be resolved.

Original video production required a higher level of
collaboration among team members, content experts, script
writers and academic departments. The team views this
collaboration as an overall strength for the project. The key
to being successful in shooting original video is using
production time efficiently. This requires solid planning in
terms of scripting, casting, shooting and editing. Poorly
planned efforts lead to inefficient use of production time.

The interactive video project described in this article is
funded by a Title In grant.
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Lead, Follow and
Facilitate: Supporting

Faculty Use of Technology

Barbara Sadowski
Marywood College
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"Lead, follow or get out of the way" is a familiar slogan
imprinted on everything from posters to T-shirts. With a
slight twist, the axiom could describe ways that academic
computing centers can support faculty use of technology.
That is, academic computing sometimes leads faculty in the
use of technology, sometimes it followc faculty initiatives,
and always it facilitates the use of technology. In more
elegant terms, the support approach used is proactive,
reactive or collaborative. As faculty are not always at the
same level of technological sophistication, support must be
tailored to meet their individual needs. By employing a
variety of support strategies, different levels of faculty
support can be accommodated. All three types of strate-
gies: proactive, reactive and collaborative are described
below with examples of each.

Proactive
The hallmarks of proactive technology support for

faculty are knowing about technology innovations, educat-
ing faculty about those innovations, suggesting better ways
to improve instruction using technology and anticipating
needs. Listening to faculty describe ways to improve
instruction provides direction to support staff for investigat-
ing technologies that might be helpful.

Strategies employed include having laptop computers
available for faculty to check out overnight, taping the
Imagine teleconferences and notifying faculty that these
programs area available on videotape, faculty demonstra-
tions of software, and on-campus training sessions held
between semesters. In-class demonstrations conducted by
academic computing staff for new faculty, free out-of class
seminars for students and development of documentation all
help to introduce novices to using technology. Demonstrat-
ing and using innovations such as e-mail, ASKERIC,
Gopher, and presentation software raise faculty awareness
of tools to improve productivity and instruction. Usual
strategies such as software fairs, faculty-led seminars and
presentations, dissemination of free publications such as
Syllabus , Query and Institute for zademic Technology
publications, computing newsletters and a services booklet
educate faculty about what's available and ways that they
might use it to improve instruction.

Proactive strategies also include finding ways to acquire
prototypes of innovations so faculty can try them out.
Creative use of 30-day trial periods and vendor demonstra-
tions are low cost ways to give faculty and staff the opportu-
nity to actually try software and hardware. Costly mistakes
can be avoided by trying things out when a technological
innovation doesn't live up to its glitzy promises. Another
benefit to trying out software is that it is possible to deter-
mine whether or not hardware upgrades are necessary to run
the software. Frequently, minimal hardware configurations
are specified and do not take into account other uses of
hardware. Faculty with creative ideas may need technical
expertise in researching equipment needs to write grant
proposals. Locating funding opportunities for technology
and communicating these to faculty can be helpful in
stimulating ideas for improving instruction through technol-
ogy. Proactive strategies are summed up by demonstrate,

Technology Diffusion 739



3

communicate and educate all of which facilitate faculty
use of technology.

Listening to faculty ideas was facilitated at Marywood
by introducing an ertancement proposal process that
enabled departments to formulate plans for improving their
curriculum. Not unexpectedly, several proposals involved
requests for computer labs. However, the education
department planned to improve communication with area
school district teachers by proposing a collaborative project
to address curricular areas in need of improvement, such as
the classroom management skills of preservice teachers.
One suggestion made by academic computing was to form a
cross-departmental faculty team to produce an interactive
video on classroom management. Academic computing
staff could provide the programming expertise while the
communication arts department would produce the video
segments. Education faculty were experts in both instruc-
tional design and classroom management and area teachers
could be involved in the content validity of the video
segments. Thus, process goals for collaboration and a
useful instructional product both would be realized.

The next steps were to identify curricular areas in need
of improvement, begin faculty training in the particulars of
interactive video production and purchase equipment for the
production team. Fortunately, the education enhancement
proposal became part of a four-year funded grant that
enabled the college to bring in a consultant to conduct initial
faculty training, acquire hardware and software for
production and during the first year support an intern to do
the programming. The education proposal did not request
funding for the multi-media workstations needed for
playback of the completed interactive videos, but academic
computing anticipated the need and requested funding for a
total of four multi-media workstations to be located in the
education curriculum lab and library. Funding was also
requested for lab assistants to work with students using
interactive video and to assist faculty who wanted to
demonstrate use of the interactive video in class. In some
ways, the project described above illustrates the hallmarks
of a proactive support strategy, but as will be apparent
below, as the project developed, faculty initiatives became
paramount and support became more reactive.

Reactive
Reactive strategies are characterized by responding to

faculty requests or initiatives in using technology. Listening
to faculty, evaluating the request and helping to meet their
needs is essential. There are two very different kinds of
faculty requests that academic computing is asked to
support. A common request is to facilitate use of technol-
ogy in the classroom including ways to learn about possible
software for instruction. Another is to support development
of new curricular material or support software. It is requevs
for development of new curricular material that are perhaps
the most difficult and time-consuming tasks for academic
computing staff. It takes time to program software, and
frequently involves spending time with faculty to determine
the instructional design of the curricular material and to

determine the best match between the technology, hardware

and software to meet their needs.
In the multi-year interactive video project, academic

computing staff helped the faculty team decide exactly what
software and hardware would best meet their needs for
production over the four years of the grant. SuperCard
software was selected because of the demands of the
project's instructional design and its color capabilities. It
was agreed that a two-screen interactive video setup would
best meet the needs of the project. The videodisc player
that was purchased was the highest end one available at the
time, a Pioneer 8000 that would do audio over a video
freeze frame. The remainder of the funds went for a high
end Macintosh (Macintosh lifx with an 80 MB hard drive
and 4 MB of RAM) and color monitor. Not surprisingly,
during the first year it was necessary to purchase another 4
MB of memory to be able to run a program for beta testing.

Upon delivery, academic computing staff set up the
hardware and installed the software, and then learned that a
software driver was necessary to access the videodisc
player. During the first year of the project, academic
computing staff continued to provide technical assistance to
the graduate intern assigned to do the programming, and
responded to requests for system setup when the consultant
camc in for faculty training. By the end of the first year,
one academic computing staff member had actually taken
over the programming part of the project.

In response to faculty requests, documentation has been
written so that students can use the software with a mini-
mum of supervision. Printers we. ,; requested and added to
the multi-media workstations, again at the request of faculty
who wanted students to be able to print out a record of their
progress through the interactive video on classroom
management. The role of academic computing in the
project has gone from being proactive to one of both
responding to specific faculty requests and to collaborating
on the third video which included a section on ways to use
the computer in the classroom, a part of the project on using
technology in the classroom. There are, of course other
kinds of faculty requests beyond developing new curricular
materials. Stategiec for responding to faculty requests are
discussed next.

The examples o ipporting faculty requests for in-class
use of technology run the gamut of providing workstations
with display panels to providing a means to preview
potential software for inclusion in course curriculum. As
network access is extended to classrooms, requests for
student accounts enabling Internet access to databases such
as the clearinghouse for Information Services and other
library holdings have become commonplace. From the
perspective of academic computing, meeting faculty
requests involves maintaining a consistent, up-to-date
computer lab environment that may need to be backward
compatible to run older software packages, installing and
testing software prior to demonstrations in labs and class-
rooms, and educating faculty about new features of up-
graded software so assignments can be updated for consis-
tency. It is always necessary to maintain frequent and
timely communication links between faculty and academic
computing staff support.
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Collaboration
One particularly effective strategy used by Marywood

College in support c f faculty's use of technology is provid-
ing desktop computers in faculty offices. While this may
not seem unusually innovative, faculty members must write
a proposal outlining their planned use of the computer,
software and peripherals and how they will specifically be
used to improve instruction for students in classes they
teach. These prcposals are then ranked by a faculty
committee and funded with either grant funds or college
capital funds. Support is also available for one year from a
graduate assistant who assists with training, researching
software packages, conducting classroom demonstrations
and developing classroom materials such as spreadsheet and
word processing templates. By funding a desktop worksta-
tion and software, faculty can familiarize themselves with
software before introducing it to students as part of class-
room instruction. Faculty are also expected to atteild
training for 2 days between semesters to learn how to use
the basic applications supported by academic computing.
This includes word processing, database, spreadsheet, e-
mail. CD-ROM searching, and a basic introduction to
Internet.

An example of a template that has proved to be ye
useful to teacher education faculty is a word processing
template for lesson plans developed in Microsoft Word
using the cell feature. It was developed by academic
computing staff and is now on the hard drive or fileserver of
all microcomputers so students can use it for all classes that
require lesson plans. Documentation for using the template
was written by academic computing staff since not all
students are familiar with the cell functions in the word
processor. Another strategy to support faculty requests for
templates is to assign graduate students projects to develop
spreadsheet templates for problem-solving exercises that
can be used in methods classes for pre-service teachers.
Many examples of such templates can be found in profes-
sional journals such as School Science and Mathematics
and Arithmetic Teacher.

Future plans for meeting the diverse technological needs
of faculty include providing laptop computers for classroom
presentations, putting software on the network so faculty
can access it from the office, classroom and labs and
moving to digital video on CD-ROMs so interactive video
demonstrations no longer require moving an entire multi-
media workstation to the classroom.

Barbara R. Sadowski is Director of Academic Computing at
Marywood College. Scranton, PA 18509 e-mail:
Sadowski@ Marywoodl.Maryvvooa.edu
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Making Connections:
Transforming Ivory Towers

and Liff le Red School
Houses

Belly Beacham
East Carolina University

Throughout the history of American education, the
process of teaching and learning has been a solitary
endeavor. In self-contained classrooms, individual teachers
and students labor alone, with the teacher being the giver of
knowledge and the student being the passive receiver of
knowledge. John Good lad speaks of the "closet of the
classroom" when he describes the teacher's work environ-
ment. Few teachers, for example, have a telephone on their
desks, a communications tool that has been ar, essential
element on the desks of professionals in other occupations
for more than fifty years.

Yet improving educational practice is key to our
nation's ability to continue its leadership role in the new
global community. Graduates from educational institutions
must be prepared to accept two primary responsibilities: to
embrace the challenges and to harness the collective energy
of fellow workers to solve the problems which accompany
social, ecological, technological, and economic change.

The teaching of new responsibilities presents new
challenges to American schools. To meet these challenges
school organizations must seek new answers to fundamental
questions such as, "What is good teaching?" What should
be taught?" "How do we educate all of our students?" and
"What is the role of the teacher in the educational process?"

Our quest for new answers to these age-old questions
can best be accomplished through new organizational
structures which support collaborative networking within
and among universities, schools, and school district offices.
The old structures that often relegated teachers to the role of
factory assembly-line workers and institutionalized barriers
to the free exchange of ideas must be transformed.

This transformation requires a new paradigm for how
we teach and learn. Partnerships composed of university,
public schools, and other community representatives must
envision new learning environments, where teachers and
university faculty members work together to "create rather
than respond to the future of education" (Glickman, 1990, p.
92) and where teachers are guides and students are active
learners. No one doubts that technology must be an integral
part of the creation of any paradigm shift, but conflict
emerges as to how and when to integrate these technologies.

This paper describes an approach where methods
faculty, classroom teachers, corporate representatives, and
undergraduate students collaboratively designed and
implemented a plan for the use of technology in both the
university and the public schools. The approach attempts to
answer the following questions: "Why incorporate technol-
ogy into the existing curriculum?" "How do we begin?" and
"What is the impact on the users?"

Introduction
East Carolina University's (ECU) Model Clinical

Teaching Program (MCTP) is an award-winning clinical
preparation program for selected senior-level elementary
education majors designed to help them transfer theory into
practice in real classrooms. The program, a successful
partnership between the university and Pitt County Schools,
creates a teaching/learning context that is conducive to
experimentation, reflection, decision-making, and profes-
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sional growth. The program's aim is to produce a new
generation of thoughtful and analytical beginning teachers
who we competent, self-assured, and eager to assume their
professional responsibilities. Recognizing the importance of
technology literacy for prospective teachers, the program
has as one of its priorities technology education and staff
development for university faculty, public school personnel,
and preservice teachers.

Why Incorporate Technology into the
Existing Curriculum?

There are three major reasons for teacher education
programs to incorporate technologies into professional and
specialty area studies. The first is to prepare preservice
teachers who can use technology for personal and profes-
sional purposes, the second is to prepare preservice teachers
to teach their students how to use technologies, and the third
is to use technology to change the way we teach and learn.

How do we Begin?
In 1992 the MCI? and the ECU School of Education

Technology Committee developed a three-phase plan to
incorporate technology into the existing professional and
specialty area coursework. The group decided that Phase I
would be an orientation to the power of technology and
would consist of two primary objectives: informing
students and faculty of the technologies available for use in
the School of Education and encouraging them to "take the
plunge."

To accomplish the first objective, a Technology
Awareness Day was arranged. The day was divided into
three sessions: "The Technology-Assisted Classroom,"
"The Use of Technology in Instructional Management," and
"The World of Multimedia." Faculty, students, and public
school personnel attended lectures and demonstrations that
outlined potential uses of existing hardware and software
housed in the School of Education's IBM Computer Lab
and IBM Model Classroom.

To accomplish the second objective, four MCI? interns,
each with minimal knowledge of multimedia production,
volunteered to work as a team to produce a multimedia
project. Their project, entitled "Teachers, Technology, and
Terrific Kids," was accomplished within eight hours and
involved the following steps:

Step 1: The interns, using a Canon Zap Shot camera,
took photographs which depicted a typical school day in
the life of an elementary student.

Step 2: The interns returned to the university campus to
digitize the photographs using the Computer-Eyes
program on an IBM Model 30 PS/2.

Step 3: Using LinkWay Live and Storyboard Live
hypermedia software, the interns sequenced the photo-
graphs and synchronized them with background music
playing on an IBM CD-Rom drive.

Step 4: They presented their production using com-
puter, CD-Rom, and an LCD panel.

What is the Impact on Users?
None of the interns had prior experience working with

any of the hardware or software necessary for completion of
the project. The MCTP and Technology Committee had
wanted to determine if such a project could be developed
within a short time frame by novices and what the reactions
of the participants would be. At the end of the 'Technology
Awareness Day," the interns were asked to share their
thoughts about the process and product. The following are
intern comments about their first multimedia venture:

"Working on the multimedia presentation was a thrilling
and rewarding experience." (Suzanne Hawkins)

"Being a part of the multimedia presentation was a great
learning experience and a lot of fun. Seeing the whole
project come together and the group effort put into it
was very rewarding." (Bonnie Begg)

"I've had experiences with computers before, but this
was one of the most positive and rewarding experiences
ever! (Even if it was IBM and I'm an "Apple oriented"
person.) The software we worked with was easy and
fun to use, and seeing the fmished product was great! ...
I enjoyed the Technology Day and can't wait to work
with another multimedia presentation!" (Karen
Morrison)

"Working on the multimedia presentation was fascinat-
ing! Being a computer illiterate person. I was very
impressed at how quickly the project came together and
how much a computer can do. Since the presentation, I
have become more aware of the technology at my
school placement and here at ECU. I would like to learn
more about using technology in the classroom." (Johnna
Blair Winstead)

Current Status
Phase tf involves networking the MCTP's six elemen-

tary schools and the ECU School of Education's computer
laboratories and faculty members' offices. Personnel from
ECU's Department of Academic Computing and IBM
consultants are electronically connecting campus methods
professors and university supervisors with cooperating
teachers and interns in the field via computer, modem, and
telecommunications software. Phase II installation and staff
development will be completed during the Spring, 1994
semester. The entire system will be operational by Fall,
1994.

Phase HI will focus on integrating technology into
existing university methods and elementary school cur-
ricula. With training and technical assistance from IBM
consultants, university and public school personnel will
collaboratively develop technology-enriched units of
instniction in language arts, reading, science, and social
studies.
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Conclusion
The success of the project's first phase is clearly

demonstrated by the interest and enthusiasm of university
and public school faculty. The keys its success have been
technical support, appropriate hardware and software,
necessary staff development, and a willingness to take that
first step into the world of technology. University and
public school isolation no longer exists here. This project
has created a new partnership of teachers and learners who
are committed to preparing our teachers for the classrooms
of the twenty-first century.
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Integrating Technology
into Teacher Education:

One University's Approach

Lynn H. Fox
The American University

Deborah Thompson
The American University
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Computer technology has been front and center in the
nation's move toward the 21st century. Yet despite the
increased availability of state of the art hardware and a
proliferation of educational software, computers are
receiving only minimal use in many of the nation's schools.
According to the U.S. Office of Technology Assessment
(1988), one of the major reasons for the limited impact of
computers in schools is that many graduates of education
programs do not feel prepared to use them. Recognizing the
need to better prepare future teachers, we at The American
University have begun to integrate technology into several
courses in the pre-service teacher education program. This
paper summarizes our approach to this task and the resulting
philosophy, goals, and procedures that have been imple-
mented. and it conclui.es with the objectives we hope to
address in the future.

We began with a literature review, seeking standards
recommended by agencies such as the National Council for
Accreditation of Teacher Education (NCATE) and the
National Council of Teachers of Mathematics (NCTM).
We then conducted a needs assessment to determine campus
computing resources and faculty computer skills.

The review of the literature and standards led us to
conclude that it would not be possible to incorporate all the
desired goals and objectives in the first year. Therefore, just
five goals were chosen, as listed below.

Goal I: Explore, evaluate and use computer and
technology-based materials.

Goal II: Demonstrate knowledge of uses of computers
for problem solving, data collection, information
management, communications, presentations, and
decision making.

Goal III: Design and develop student learning activities
that integrate computing and technology for a variety of
student gouping strategies and diverse student popula-
tions.

Goal IV: Evaluate, select and integrate technology and
computer-based instruction in the curriculum of one's
subject area(s) and/or grade levels.

Goal V: Demonstrate skill in using wordprocessing,
database, and utility software for professional and
personal use.

The University has extensive computer resources,
including several special purpose computer laboratories.
We selected the Anderson Computing Complex (ACC) for
our purposes. The networked Macintosh and IBM compat-
ible computers in the ACC allow students to access the
university mainframe for tapping into the library database,
sending e-mail, or running software :;uch as Statistical
Package for the Social Sciences (SPSS). Liquid Crystal
Display panels and overhead projectors are also available in
ACC.

Since the networked laboratory setup at Anderson
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Computer Complex supports ite licenses as well as single
station programs, we decidedla purchase a variety of
software for use there. We pu Thased site licenses for three
programs, five-user lab packs f r three programs, and single
copies of 20 other programs. Thus we can do demonstra-
tions of single programs using tht LCD panel, have all
students working with the same p:ogram such as Oregon
Trail, by MECC, or have individual or teams of students
working with different software during a single class
session.

Wetzel (1993) notes that a combination of a core course
in technology and an integration of technology across
teacher education courses serves preservice teachers best.
Program constraints, however, influenced our decision t.
incorporate competencies across courses, especially the
methods courses, but not require a separate course. An-
other compelling reason to integrate technology across
courses was that prospective teachers should have hands-on
experiences within the context of their total teacher educa-
tion program.

Since all elementary education majors take "Psychology
of Education" and 'Theories of Reading" at the beginning
of their undergraduate elementary programs, the general
overview of computers in education and activities related to
goals I and II are presented in those classes. The remaining
goals are targeted in the methods courses. In these courses,
students can meet the objectives in a variety of ways
ranging from individual projects to cooperative group
projects. They use various software programs in their
development of written lesson plans and in micro-teaching
demonstrations. Sample activities designed to accomplish
each of the five original goals follow:

Goal I. Explore educational software.
Assess available educational software using a 26 item
check sheet which covers areas ranging from "user
friendliness" to strengths and weaknesses for reading/
language arts instruction.

Goal II. Use computers for information manage-
ment, communications and decision making.
Use spreadsheets to compute grade point averages, class
rankings, grade improvement profiles, and graphs for
use in parent conferences or PTA presentations.

Goal 111. Design and develop learning activities for
different settings and/or diverse student needs.
Develop a written lesson plan using a software program
for drill and practice in a setting in which there is only
one machine in a classroom. For example, how could a
teacher use Math Rabbit, by The Learning Company, for
individual practice activities?

Goal IV. Integrate computer-based instruction in the
curriculum of one's subject area/grade.
Demonstrate or plan a lesson which uses a software
program for a small group cooperative learning project.
Students working on social studies project about

countries in South America might learn how to u.;e
various software programs to get information and make
maps.

Goal V. Demonstrate skill using computer as a
productivity tool.
Use a software program as an administrative tool or to
help prepare visual aids for instruction. This could be
more work with spreadsheets or learning to do more
with word processing and desktop publishing software
to generate newsletters, banners, or posters for bulletin
boards.

Some goals we consider so important that we incorpo-
rate them into several classes. For example, we believe that
preservice teachers must become informed users of educa-
tional software, therefore in every class students must
analyze and select appropriate software. In the course
"Teaching Reading in Elementary Education," students are
given a 26-item checklist to analyze any of a number of
popular reading/language arts programs available in ACC.
The checklist covers four major areas: educational value,
user friendliness, capabilities, and safe guards. Students
have to accept or reject the software based on their checklist
answers.

Sometimes several goals can be met in one assignment
as is the case in the course "Mathematics for Elementary
School Teachers," where goals otr, three and four are
addressed in one cooperative lea. fling activity. Four teams
of students design lesson planF using various software
packages. The first team focuses on selecting and using
programs for drill and pracuce. The second team looks for
problem-solving or simulation activities for small groups. A
third team looks at programs that lend themselves to large
group activities for mathematics instruction. A fourth team
looks at programs in social studies or science to determine
ways of integrating mathematical activities into lessons
using those programs. Each team conducts a simulated
lesson before fellow classmates who roleplay elementary
students. They must address the question o c: how il-:ey
would use their programs according to access, i e a one
computer classroom versus a laboratory with multiple
stations.

In the 1993-94 academic year, we have been developing
and field-testing lessons and activities in various courses.
By 1994-95, we hope to have these activities and assign-
ments fully integrated into the basic courses.

Future Directions
We have already chosen a second set of five goals for

future lesson development. Students shall be able to:
Goal I: Demonstrate knowledge of equity, ethical, legal
and human issues of computing and technology use as
they relate to society and model appropriate behaviors.

Goal II: Demonstrate a functional knowledge of a
programming language such as BASIC or Logo.
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Goal Demonstrate a functional knowledge of
telecommunicatinns tr.s-.1s and resources such as
electronic mail and the Internet.

Goal IV: Possess knowledge of the configuration of
computer hardware systems and basic trouble.,hooting
and maintenance of hardware and software.

Goal V: Demonstrate functional knowledge of multi-
media and hypermedia tools and resources.

Conclusion
We believe micro-computers are tools that all prospec-

tive teachers need to be able to use with confidence.
Computers are such an integral part of today's society that
schools cannot afford to have them sit idle or be used
infrequently. Schools of Education must take an active role
in researching and using this technology and incorporating it
into the fundamentals of classroom management and
instructional modes. We believe our approach at program-
wide integration of behavioral and cognitive objectives in a
systematic way is a fundamentally sound approach to
making teacher training relevant and creative.
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The Implementation of
Technology in an

Elementary Teacher
Certification Program

Dorothy R. Smith
St. Mary's University of San Antonio

"It must be remembered that there is nothing more
difficult to plan, more doubtful of success, nor more
dangerous to manage than the creation of a new system."

Machiavelli's 17th century words describe the 1993-94
year in the Education Department at St. Mary's University,
a small liberal arts institution established in 1893 which
serves a 70% minority population. During past few years
the university's seven member education department has
been well aware of the critical instructional changes needed
to prepare classroom teachers, school administntors, and
teacher educators who can effectively work with San
Antonio's "at risk" and multicultural populations.

In the fall of 1993 the Texas Education Agency awarded
$1.9 million to five San Antonio colleges to establish the
Center for Educational Development and Excellence
(CEDE). CEDE represents an unparalleled collaboratie
among five independent school districts, the five institutions
of higher education, the Region XX Education Service
Center, the local community college district and the San
Antonio business community. CEDE was established to
better prepare the classroom teachers, school administrators
and teacher educators needed to meet the needs of the city's
multicultural school population.

Challenged by this unique opportunity to become part of
the "technological revolution," St. Mary's made a commit-
ment to encourage faculty members and preservice teachers
to become facilitators of learning rather than deliverers of
information. Implementing this goal necessitated the
coordinated efforts of faculty, preservice teachers, practicing
teachers, administrators, and Region XX staff. Special
emphasis was placed upon the formation of working
partnerships with schools that were identified by the Texas
Education Agency in 1993 as "un-acceptable". Since this
was to be a true collaborative, it was planned to use the
extensive pool of knowledge and experiences of all partici-
pants to provide the framework for change needed to
prepare personnel with an understanding of critical thinking
skills and effective methods for working with at-risk
students.

University Faculty
The objectives of CEDE required a commitment on the

part of each faculty member in the education department.
As Beaver (1990) pointed out, much of the problem in
undergraduate educational technology is the educators, the
faculty of higher education. He stated that a void exists in
the training that they have received. This void is then
passed on to their students.

The lack of an existing, integrated and long term policy
for raising the university faculty's technological expertise
had permitted a haphazard evolution to occur. Technology-
literate faculty members investigated new materials while
some faculty tried self-initiated study, some sought peer
assistance, and others did little. All members stated
concerns about including computer applications within their
current coursework. One commented, "not enough time to
teach a regular course and technology, too the learning
curve for both instructor and students is slow."
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This was a rocky foundation on which to begin building
a technological model of instruction. Therefore, faculty
training was identified as a primary need.

A disastrous first inservice was conducted by an
"expert" who attempted to teach Toolbook in a short period
of time to a fledgling faculty group. Later, more successful,
sessions on topics ranging from Introduction to DOS to
Advanced TENET and HyperCard were scheduled at the
local educational service center and conducted by persons
skilled in computer implementation as well as educational
methodology. Faculty were encouraged to participate in the
inservice program, use this instruction to develop active
learning environments, and model appropriate uses of
technology in their classes.

Three set-backs occurred during this period. First,
lightning struck the Administration building during a
summer storm. All faculty computer boards were "fried"
and network lines knocked out. Damages were not discov-
ered until the faculty returned to campus in late summer and
found machines not in operation and research data de-
stroyed. This was a very time-consuming way to learn the
necessity for backing up data files.

The second incident was a session that was to instruct in
the use of multimedia equipment. Again, an expert
presented materials not consistent with the objectives of the
session. St. Mary's collaborative motto might
become"BEWARE OF EXPERTS!"

A third difficulty was discovered as we tried to install
new software and equipment. When nothing seemed to
work, technicians discovered our new machines had been
"hit" by a virus. We are now obtaining anti-virus programs.

On the more positive side, one professor used a note-
book computer and LCD projection panel to present a talk at
a meeting of the St. Mary's President's Peace Commission.
Positive responses by the audience toward this use of
technology have prompted other departmental members to

request training and access to this equipment.

Preservice Teachers
The establishment of a campus computer laboratory

spurred some professors to take the next step in the pro-
gram: planning a curriculum for preservice teachers.
Discussions with education students revealed that they had
prior introductions to computers (and, typically,
wordprocessing) in high school and while taking the
university's required Introduction to Computers course.

A survey was distributed to 54 students in St. Mary's
teacher certification program to determine their perceptions
of current competence, previous experience using comput-
ers in schools, and interest in developing educational
computing expertise. Students used a five-point scale to
rate statements in a ascending progression from .1 (low), to 5
(high). The results, shown in Table 1, indicate that students
perceived themselves to have a low to moderate knowledge
of computers and a moderately high to high (positive)
attitude toward using computers in their instruction.

Bringing Computer Technology into the Teacher
Education Curriculum Turner (1989) presents three
models for preparing teachers to effectively use computers
in their classrooms: (1) the assumption modelstudents
will pick-up information on their own; (2) the three-unit
semester educational computing course model; and (3) the
integration modelwhere technology is integrated into
methods and teaching courses. St. Mary's choice was to
adopt the integration model. Experiences are planned
throughout the teacher education program to provide
preservice teachers with:
(1) opportunities to learn about and use technology;
(2) an awareness of and exposure to all types of technology,

including audio/video recording, telecommunications,
information retrieval, computer-assisted instruction and
productivity tools;

Table 1
Preservice Teacher Expertise, Experience, and Interest (N = 64)

Average Score
(5 point scale)

Prior knowledge of computers 3.2

Interest in implementing ed computing in education 4.3

Competence in implementing ed computing 2.9

Interaction with computer technology in preservice core classes 2.7

Interaction with computer technology in preservice education classes 2.5

Interaction with computer technology during fieldexperience 1.8

Use of skill development software during student teaching

Use of critical analysis software during field experiences 1.7

Use of critical analysis software during student teaching
Interest in using computer technology in your classroom to develop and reinforce skills 4.2

Interest in using computer programs to encourage development of thinking skills 4.4

Positive attitude toward using computers to increase student motivation 4.4

Positive attitude toward using computers to promote critical analysis and thinking skills 4.3
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(3) knowledge of how to select, critique, and use appropriate
tools in a way consistent with their teaching style; and

(4) an understanding of issues involved in educational
computing.

Computer usage was introduced into the Language Arts
course via a software package entitled "Once Upon a
Time." This program was chosen because it supports a goal
of the class which is to model connections between the
reading and writing processes. Successful usage encour-
aged the professors to mesh other software which promotes
critical analysis into their instruction. These new programs
will be introduced during the spring 1994 semester.

A series of workshops to introduce preservice students
to various computer applications are underway. One
workshop was offered prior to the students' social studies
field experience. It was conducted by the cohort school
district's technology coordinator and a university professor.
The social studies field experience requires students to
develop unit plans and daily lesson plans which incorporate
such strategies as cooperative learning and the use of
appropriate instructional technologies. The students were
eager to use their technology-based instructional plans, and
most were disappointed that they were not provided
classroom opportunities to do so.

In another session, preservice students were introduced
and given access to electronic mail and TENET, the
enhanced electronic communication network that transmits
information to members of the public education system in
Texas and throughout the world through the Internet. It is
expected that knowledge gained from leading these
workshops will provide university personnel with the
framework for a newly conceived three-unit class designed
to provide instruction in technology used in education.

Inservice Teachers
Technology has the potential to enhance, expand and

change the way we educate students; but this potential can
only be met if classroom teachers enthusiastically adopt
technology-based instructional methods. Lack of knowl-
edge, experience, resources, time, and pressures to improve
test scores are all used as excuses for failure to utilize
technology in instruction.

Teachers' adoption of technology-based methods is not
a rapidly paced transformation. Sheingold (1991) reports
that teachers need five to six years experience in teaching
with computers and extended class periods to effectively use
technology-based, hands-on learning activities. As they
adjust to the new methods, they become coaches and
facilitators of learning rather than dispensers of information.
Inservice education to facilitate this transformation must be
on-going and based on teacher needs. It must encourage
teachers to take risks and go beyond using computers for the
prevalent drill and practice exercises.

St. Mary's Education Department developed an action
plan wnich addresses these requirements. The university's
students would become change agents and catalysts for class
restructuring by including technology-based methods in the
instruction they deliver during their field experiences.

Students would share experiences, supply new ideas,
rehearse lessons, and serve as a supportive audience as new
roles are embraced by both preservice and inservice
teachers.

University sponsored workshops are presented for
inservice school personnel when need is identified. One
faculty member developed and presented a workshop
entitled "Portfolio Assessment in Ungraded Classes" when a
group of public-school teachers working in such a setting
voiced a need. The professor not only provided information
but helped map new directions and maintained contact with
teachers as they implemented materials.

The.collaborative has provided additional technology
equipment to cohort schools and financed training opportu-
nities, TENET accounts, attendance at conferences, and the
means to have representatives from cohort schools partici-
pate in CEDE decision-making meetings.

Current Status
Faculty members are anxiously awaiting the installation

of "Down Links" during spring, 1994. Pilot plans are being
developed to use interactive videos, additional training in
multimedia usage, a Tom Snyder workshop, and extensive
use of laservideo discs by preservice students during their
science field experiences. Instead of interacting with one
group on one campus, participants will be able to shzre
knowledge with multiple groups.

The CEDE collaborative has learned the on-going
necessity of defining goals; establishing standards; develop-
ing short and long range plans; assigning responsibility;
coordinating programs; developing revised curricula, staff
training, and a system that evaluates these steps in a
continuous manner. These steps provide a basis for further
development, however, we must remember that teachers
tend to teach as they were taught, so our efforts must not
become relaxed.

SMALL STEPS LEAD TO GREAT STRIDES

References
Beaver, John F. (1990). A Profile of Undergraduate Educational

Technology (in) Competence: Are We Preparing To-day's
Education Groduntes for Teaching in the 1990's? [ERIC
Library Report #ED332985]. Buffalo: State University of
New York.

Machiavelli, Niccolo, cited in James B. Atkinson, Niccolo
Machiavelli (1976).

Sheirigold, Karen. (1991). Restructuring for Learning with
Technology: The Potential for ;:ynergy. Phi Delta Kappan,
73(1), 17-27.

Turner, Judith A. (1989, July 19). Teacher Training Colleges
Slow Move to Computers Blamed for Scknols' Lag in
Integrating Technology. The Chronicle of Higher Education
p.A9-Al 1.

Dorothy R. Smith is affiliated with St. Mary's University of
San Antonio in San Antonio, TX 78228-8533. e-Mail:
EDDOT@VAX.STMARYSTXEDU

750 Technology and Teacher Education Annual 1994



Redefining Educational
Leadership: What

Principals Can Do to
Advance Technology in

Education

Christene K. Bennett
Eastern New Mexico University
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The importance of the school principal as an instruc-
tional leader, or change agent, has been well documented in
the literature (Blumberg & Greenfield, 1986; Bossert,
Dwyer, Rowan, & Lee, 1982; Sweeney, 1982; Lightfoot,
1983; Dwyer, 1984; and Little & Bird, 1987). As schools
are increasingly influenced by the influx of new technolo-
gies into society, school administrators' attitudes and actions
become more important than ever before to the future of
education. A new vision of technology's place in education
is required if teachers and students are to develop the skills
necessary to meet the challenges of the 21st Century.

As teachers and students attempt to integrate new
technology into teaching and learning practices, the role of
the school principal becomes critical to the successful
implementation of advanced innovations. The purpose of
this.paper is to redefine educational leadership within a
technological paradigm. A set of interzetive models for
advancing technology in the schools is presented, providing
a holistic view of the complexities faced by administrators
who choose to meet the technological chWlenge.

The Challenge
Today's students must develop knowledge and skills

that will enable them to compete in a complex global
economy. The private sector demands a technologically
literate, skilled work force to remain competitive in the
world marketplace (Choquette, 1987). The American
educational system must prepare sufficient numbers of
graduates capable of succeeding in our rapidly changing,
high-tech, information-oriented society.

School principals must take leadership roles in educa-
tional reform meaSures that will lead to more effective
schools. Principals cannot succeed, however, by using
management and leadership strategies which do not support
the integration of information technology into classroom
practices. Today's administrators must be knowledgeable
users of technology themselves and effective managers of
technology in their schools. Unfortunately, studies have
shown that the majority of principals have not had first-hand
experience using technology in the classroom nor was
technology training part of their teacher or administrator
program (Casey, 1993). As a result, many find themselves
facing technological challenges for which they are not
prepared.

The Framework for Change
What considerations must be made to effectively plan,

implement, and maintain a technologically integrated
educational program? The first consiezration should be the
environmental framework in which the program will exist.
This framework, as shown in Figurr 1, consists of both
internal and external environmenti.i factors including socio-
political influences, legal mandates, and economic condi-
tions. These factors, considered within a school's cultural
and physical environment, will influence the direction and
pace of technological program development and implemen-
tation. It is important for principals to recognize these
influences. It is even more important, however, that
principals develop a plan to minimize negative influences
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Socio-Political Influences
School board
Parent and teacher groups
Business organizations
Student charecteristics
Community culture

Legal Mandates

Federal laws and regulations
State laws and directives
Local ordinances/ requirements
Civil court mandates

Economic Factors
Federal grants and sntitlements
State revenue sharing
Local bond/tax revenue
Private grants and assistance

\Special business partnerships

Figure 1
Environmental Framework for Decision Making

and maximize positive opportunities which will promote
technology in the school.

Effective Principals Within a
Technological Context

An extensive body of research suggests that principals'
decision making and actions, within the context described
above, fall into five essential categories. These categories
include defining and communicating a mission, managing
curriculum and instruction, training and evaluating teachers,
monitoring student progress, and promoting an effective
instructional climate (Krug, 1993). This author suggests
that an essential sixth category, managing technology, be
included to define these broad levels of organization.

Figure 2 illustrates this concept.

Defining and Communicating a Mission
Research has shown that most principals are strong

supporters of the notion that instructional technology is
good for education (Bennett, 1994; Woodward & Mathinos,
1987). Research has also shown, however, that most
administrators are not moving their schools forward to
integrate technology into the curriculum and teaching
practices (0.T.A., 1988; Preston, 1990; Waxman & Huang,
1993). This gap between what principals think is a good
idea and its implementation exists for one or a combination

of the following reasons: district/school philosophy and
goals do not emphasize the importance of technology in
education; philosophy and goals are technologically well
defined, but principals don't know how to reach them or
don't have a budget to support them.

A well-defined mission which describes technology's
place in education is critical to the success of a school
because the use of technology is critical to the success of
students in their everyday lives. Our educational mission
should be to integrate the real world into our schools so
students' educational experiences meaningfully mesh with
all other aspects of their lives. It is the responsibility of the
principal to define a mission that makes school a part of the
real world. A principal's vision of education should not
only be of the future, but of the present. What are students
doing in school that is useful and meaningful to them today?
All too often, technology is seen by educators only as a
futuristic concept hovering on the educational horizon and
computers remain unplugged in back corners of classrooms.
Meanwhile, in the "real world" students interact with
computer technology everyday.

Once a technological mission is clearly defined, it must
be effectively communicated. School administrators need to
send a strong, repeated message emphasizing the impor-
tance of technology to teachers, students, parents, and
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Figure 2
Catagories of Tasks Performed by the Effective Principal

community and business organizations. Collaborative goal
setting and planning must ensue. Most importantly,
principals must model the message by becoming active
participants in whatever programs are established.

tvAnaging Curriculum and Instruction
As instructional leaders, principals must act on their

Vision of technology in education. If the integration of
computers into curriculum and instruction is a goal, then the
principal must determine not only what hardware and
software exists in the building, but how and if it is being
used. The under-utilization of computers and software, as
well as the manner in which they are mostly used in the
classroom (e.g. drill, practice, and gaming), promotes the
viewpoint that computers, like overhead projectors, are
helpful tools to support existing instructional practices, but
not important.

If computers are not being used, then it's time to repeat
the message that computer use is an important part of the
teaching and learning process. If computers are being used
solely as drill and practice tools rather than for process-
oriented uses (e.g. computer-based writing, reading
comprehension, problem solving, hypothesizing, generaliz-
ing, etc.), then it's time to support teachers in reaching more
sophisticated levels or usage. Based on their study of
computer uses in education, Woodward & Mathinos (1987)
suggest that principals take steps "to create a bridge thit
would allow teachers to move from very utilitanan, familiar
computer applications to those that would truly effect

7S0

fundamental change in how teachers teach and students
learn (p. 6)."

Effective principals know not only what various
technological hardware and software is capable of doing,
but also how it can be used effectively in the classroom.
Hardware and software selection should be based on
teaching goals and regular classroom activities. Principals
can get helpful information from professional organizations
or reviewing journals that regularly evaluate new instruc-
tional technology. Another good source of information is
other school principals and teachers who have tried different
technologies and strategies to integrate them into curriculum
and instruction.

Supporting and Supervising Teachers
Like administrator training programs, few teacher

education programs offer enough courses in instructional
technology to prepare teachers to effectively use new
technology in the classroom. Therefore, teachers must be
given inservice support, training, and time to accomplish
technological goals and objectives. A statewide study of
computer uses in Oregon's secondary schools conducted by
Lamon & Sanner (1989) found that one reason teachers did
not make effective use of microcomputers in the classroom
was lack of time available to them to investigate, evaluate,
and plan for the use of software. Another reason was that
teachers did not have time for integration of computers into
their lessons and not enough classroom time to fit comput-
ers into instruction. These findings imply that principals
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must re conceptualize teachers' schedules and resixnsibili-
ties within a time framework that sets technology use and
training as a high priority.

Technology-oriented schools are those in which teachers
have access to equipment and software (Lamon & Sanner,
1989). Inservice training that provides follow-up technical
support is most effective for encouraging the actual
integration of technology into teaching practices (Bennett,
1993). According to Winkler & Stasz (1985), technical
support is the most important, but least commonly found,
type of teacher incentive that promotes more widespread use
of computers in the classroom. Since application and
practice of new technological skills is essential, principals
should conceptualize a plan that will allow teachers to
borrow school computers and software for use at home.

Instructional supervision is an ongoing process which
provide teachers with feedback on their teaching skills. If
teachers are expected to creatively use technology to
enhance instruction, then the school principal must be
prepared to evaluate the effectiveness of instructional
methods. It is very difficult to evaluate teachers' use of
technology without a firm grasp of technological knowl-
edge, skills, and applications which are possible.

Monitoring Student Progress
Technology offers today's administrators an opportunity

to easily manage information and track the progress of
students. A key to solving academic and behavioral
problems is early detection and intervention. When
properly programmed, computer-assisted management tools
can alert administrators to at-risk student academic or
behavioral indicators long before major problems would
mandate a trip to the principal's office. Technology offers a
platform where teachers, counselors, teacher aides, and
other school personnel can quickly access student informa-
tion and promptly provide assistance. Data base manage-
ment programs perform tasks such as keeping school
attendance records, generating grade reports, and maintain-
ing permanent student records.

Promoting an Effective Instructional
Climate

The effective technological administrator asks teachers
what they are doing to prepare students for today's world
and sets a school climate for their success. Instruction can
Improve through ERIC searches for relevant research,
communicating through E-mail with other schools, sharing
information through electronic bulletin boards, and partici-
pation in the wide variety of educational information and
discussion groups offered through Internet.

Teachers should be encouraged to collaborate in the use
of these resources, to exchange information, and to assist
each other as they strive to develop new technological skills.
Staff meetings need to have time set aside for teachers to
share insights, strategies, successes, and failures as they
attempt to integrate technology into their classrooms.

By settini: a common goal and providing a forum for
sharing, principals can promote the development of close,
personal, and collegial working relationships among

teachers. These positive relationships strongly influence the
learning climate of the school.

Managing Technology
This category of administrative tasks is new to many

principals who ask themselves, "How can you manage
something you don't understand?" The answer is, "You
can't." In order to manage this most important piece of
America's educational puzzle, principals must know what
the various components of a technological educational
system are, how much they cost, and what their impact will
be on teaching and learning. Today's principals must
reconceptualize and redefine their leadership roles within a
technological paradigm by addressing the following
questions:

1. What is your plan to become an informed, fluent user of
technology? What steps will you take to establish and
update your knowledge of current uses of technology in
education?

2. Is your school's technological mission c1.:arly defined?
If so, have you clearly articulated your visions to
students, parents, teachers, community, and business
support groups?

3. Have teachers and other potential supporters been
involved in goal setting and long range planning?

4. What is the current status of computer and technology
Eteracy in the school?

5. Is a plan in place that will lead to the integration of
technology into curriculum and instruction, going
beyond use of computers for games, drill, and practice?

6. Do teachers and students have adequate access to
hardware and software?

7. Have ample funds for inservice training been set aside to
provide for qualified trainers and teacher release time?

8. Specifically, how will you evaluate whether teachers are
effectively integrating technology into curriculum and
instruction?

9. How will you "practice what you preach"? What
behaviors will you model for students and staff in your
use of various technologies?

10. What specific steps will you take to network teachers,
and students, both within the school and with others
outside your school?

11. What is your plan to assist office support staff in
adopting pertinent technology that will help administra-
tive tasks run smoothly? Is office hardware and
software compatible with that used by teachers?

12. Have you considered how your student knowledge base
fits into the next level of education? Do elementary
schools ust computers and software that are consistent
with usage in your middle schools, high schools, etc.?

13. What expenditures on technology offer the most
educational opportunities for your school's specific
needs within limited budgets?

Conclusion
Today's principals must take a leadership role in the

advancement of technology in education. They must
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rethink teaching and learning within a new paradigm to
prepare students for the challenges of today and tomorrow.
Within the context of a changing technological world.
principals need to understand the canabilides of educational
hardware and software in order to i'itelligently guide
teachers and students in their use. Principals must be wise
leaders and wise shoppers in an increasingly technical and
monetarily tight educational arena.
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A Tale of Computer Use at
Three Elementary Schools:

Implications for Teacher
Educators

Neal B. Strudler
University of Nevada, Las Vegas

While much has be written about the potential of
computers to enhance teaching and learning, recent reports
suggest that K-12 schools are relatively unaffected by new
information technologies. Commonly Lited reasons include
inadequate computer resources, lack of teacher preparation,
lack of planning time, and lack of on-site support. One study
(Strudler & Gall, 1988) documents ways in which effective
computer coordinators helped schools to overcome these
impediments to computer implementation. The three case
studies revealed that school-based computer coordinators
use a combination of product- and client-centered strategies
to facilitate computer use. Interestingly, the coordinators in
that study all saw their role as transitional and expected to
"work themselves out of their jobs" within two to five years.

This paper describes a follow-up study that examined
what happened at the same three elementary schools with
regard to the use of technology during the past seven years.
It then discusses the implications of those findings for
teacher educators. How have the roles of the coordinator's
changed and what outcomes were they able to effect? Were
the coordinators indeed able to "work themselves out of
their jobs?" While the initial study yielded some promising
findings, much can be learned from examining what has
evolved over time in those schools and reflecting on the
implications of those findings for teacher educators.

Methods
This study employed a case study design that used

questionnaires, interviews, observations, and the review of
relevant documents to examine the work of three computer
coordinators and the implementation of computers at their
schools. The sample consisted of the same three elementary
schools that were examined in the initial study. In 1986, a
sample of three schools was selected because their coordina-
tors had been identified as having brought about a high
degree of implementation of educational computing. In
May, 1993, all of the coordinators were still working at their
respective schools.

Three interview schedules pertaining to the role and
qualities of the coordinators were administered. Informants
included the coordinators, their supervisors (principals and
district computer coordinator), and their clients (the teachers
in their schools). Forty-two interviews were conducted,
ranging from twenty-five minutes to two hours in length.
Further data were gathered by direct observation of instruc-
tion and analysis of planning documents. The data were
collected over a three-week period. Using the case study
method suggested by Yin (1989), multiple sources of data
were used allowing for validity checks on the reported
strategies and achieved outcomes.

All 42 interviews were tape recorded and transcribed.
Field notes and interview data were analyzed in an open
fashion, searching for salient themes pertaining to the work
of the coordinators and the efforts of teachers to implement
technology in their schools. The data were analyzed case by
case, and then across cases.

Results
Preliminary data analysis suggests that school finances
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have had a clear impact on the findings of this study. This
clearly reflects the national trend in which Americans cite
proper financial support as the number one problem facing
the public schools (Elan, Rose and Gallup, 1993). Of the
three schools which had allocated released ti 'le in 1986 for
the coordinators to perform their role (an avet ge of .43 of a
full time equivalent), only one has been able to maintain any
released time for its coordinator. Below is a brief analysis of
each case, followed by a discussion of preliminary findings
that have emerged across cases.

At West School, one of the schools that lost it's released
coordinator, data suggest the computer lab is tightly
scheduled and used by a majority of the teachers at that
school. Whereas early goals were on the integration of
computer-based tools into the curriculum, teachers now
indicate that the main goal of the program is skill reinforce-
ment (i.e., drill and practice). Since no one is now working
to expand and maintain the software collection, the teachers
have accepted working with the "well established" lab sets
of older MECC software:Mere appears to be consensus
that a coordinator is still needed to organize and maintain
the lab's hardware and software, and to help teachers keep
up with new programs and applications. All agreed that the
program had declined without a coordinator and most
predicted that it probably would continue to do so.

East School also has discontinued support for it's
coordinator position. Teachers report that some of the
responsibilities of the coordinator were distributed among
the faculty and the lab functioned adequately for two years
without a coordinator. In June of last year, however, the
staff reached consensus that the lab be disassembled and the
computers placed in the classrooms. The need to secure an
additional classroom prompted this decision, but many of
the teachers favored having computers in their rooms. While
most would prefer having a lab with a released-time
coordinator, they recognize that such an arrangement is no
longer possible amidst the budget cuts. Many are optimistic,
though, about having computers in their classrooms, but
they continue to cite the need for help in learning about new
software and technologies, and methods for using them with
the available resources.

Central School, which still has a released coordinator (.4
full time equivalent in 1992-93, .3 in 1993-94), appears to
be thriving with computer use well woven into the fabric of
the school. In many respects, what is occurring at Central
can be viewed as a realization of the vision of its computer
coordinator. Early on in the program, the coordinator
asserted that computers should be integrated into all subject
areas and that she would help teachers to do that as an "on-
site staff developer," not a computer teacher. While she still
models lessons using new programs with students, the
teachers accompany their students into the lab and follow up
her lessons in their scheduled lab times when the coordina-
tor is not available. In addition, all teachers have at least one
computer in their room to further enhance their curriculum.
Computer use covers a wide range of applications including
skill reinforcement, problem solving, and a variety of tool
uses. Furthermore, the integration of computers at Central

seems to have raised the collective self concept of the
school, and the teachers strongly support the work of the
coordinator as she keeps the established program rolling
while she explores the "next steps" (telecommunications,
multimedia, etc.). The staff appears to have reached a
comfort level, but after seven years, the coordinator has not
"worked herself out of a job."

Results across cases suggest that while most teachers are
"sold" on the potential of teaching and learning with
computers, they frequently cite problems that must be
addressed before this potential is realized. As was docu-
mented in the initial study (Strudler & Gall, 1988), coordi-
nators perform a variety of functions that help schools
overcome impediments such as lack of computer resources,
teacher preparation, planning time, and on-site support. Data
from the present study further support the notion that
reducing the impediments to the implementation of comput-
ers will not likely occur without adequate time for coordina-
tors to perform their role. This involves managing a myriad
of details and providing the leadership necessary for
teachers to establish a shared vision and school plan.
Finally, the data suggest that effective models, such as the
one employed at Central, will be not easily exportable as a
whole. The process of change with technology is complex
and appears very dependent upon the skills of the coordina-
tor and the dynamics of the school context.

Implications for Teacher Educators
The findings of this study pose interesting implications

for teacher educators. First, what can be done to help
preservice and inservice teachers better cope with the
difficulty of implementing technology-based change in
times of dwindling funds for on-site support? What strate-
gies might enable teachers to be more effective as a!-!-.;nts of
techne,logy-based change? Another set of issues centers
around our work with college of education faculty who are
seeking to integrate technology into their teaching. What
parallels exist between the impediments to integrating
technology at the university level and those reported by
elementary teachers? Do education faculty require the same
type of on-site support as was described by classroom
teachers? Will those performing coordinating roles in
colleges of education experience similar difficulties in
"working themselves out of a job" as did their elementary
counterparts? A discussion of these implications follows.

Classroom Teachers as Change Agents
Though technology coordinators perform a variety of

functions that facilitate classroom teachers' use of technol-
ogy, budget realities suggest that we cannot count on that
support and leadership to be widely funded. Even if
technology coordinators are staffed, it makes sense to
prepare a broad base of teachers who are oriented toward
being change agents in their schools. Fullan (1993) writes:

In addition to the need to make moral purpose [i.e.,
the will to make a difference] more explicit, educa-
tors need the tools to engage in change productively.
Moral purpose keeps teachers close to the needs of
children and youth; change agentry causes them to
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develop better strategies for accomplishing their
moral goals (p. 12).
One way for teacher educators to support this notion is

to make explicit the goals and skills of change agentry.
Particularly pertaining to the use of technology, teachers
need to explore both the realities of today's classrooms (i.e.,
with limited computer resources and on-site support,
teachers who are resistant to change, etc.) as well as the
dreams of what will be possible in the coming years. Papert
(1993) supports this approach. "What is certainly of no
value whatsoever for those interested in change," he states,
"is to play down the adverse factors: Only by understanding
them can we craft sensible strategies for the future."

Sarason, in a recent book, echoes this change theme. "I
am advocating that they [teachers] become agents of school
change, that they not see themselves as powerless victims of
an uncomprehending public (pp. 127 -128). He then
elaborates on wL at he sees as the responsibilities of teacher
educators:

The preparation of educators should have two
related, and even conflicting goals; to prepare people
for the realities of schooling, and to provide them
with a conceptual and attitudinal basis for coping
with and seeking to alter those realities...(p. 129).

The Need for Teacher Leaders
A related theme involves the need for course work for

technology coordinators and teacher leaders that explicitly
focuses on the change process. One approach that addresses
these needs involves employing action research to help
teachers gain insight into the process of school change.
Among its many benefits, action research provides teachers
with a real reason to connect theory and practice and a user
friendly structure within which to frame problems and
explore solutions. Supplemented with support groups for
teachers to discuss their projects, action research appears to
be a promising activity for enhancing leadership skills for
teachers seeking to effect technology-based change
(Strudler and Powell, 1993).

Education Faculty as Change Agents:
Selling the Vision

Impediments to expanded use of technology in schools
can be overcome if educators with a vision help to "sell" it
to others. Papert suggests that we learn from the past, such

as the case of the new math movement. He explains (1993),
"Not only did the new math movement fail to please
parents, but the instigators of the movement did not even
consider this to be a relevant factor" (p. 220).

Gardner adds that educational reform depends equally
on four different nodes: assessment, curriculum, teacher
education, and community support. He also states that
"educators must share their vision with members of the
community..." (p. 255). Whether the reform in question be
whole language, hands-on math, inquiry-based science, or
the integration of technology-based tools, it seems that
teacher educators can contribute to the success of these
innovations by proactively selling their vision to school
personnel and community members. While the "windows of

opportunity" for school reform appear to be ajar and
perhaps"back to basics" reactions always lurk close by.

What About Our Own House?
Many of the findings pertaining to elementary schools

appear quite relevant for colleges of education. For one
thing, the time demands of learning about and evaluating
new programs and technologies will always be a challenge
at both levels. As access to user-friendly computer resources
increases, however, education faculty will likely make
technology a higher priority. Meanwhile, many teacher
educators are still in an awkward transitional period in
which the benefits of teaching and learning with technology
do not necessarily outweigh the costs. This, of course, varies
from site to site. As at the elementary level, a knowledge-
able coordinator can help faculty become familiar with what
is available that fits their program. Over time, as technology
becomes a higher priority for faculty, the need for such
coordination and leadership will probably decline. Similar
to the elementary setting, however, it seems unlikely that
those who perform coordinating roles in colleges of
education will "work themselves out of a job" any time
soon. At both levels, progress with technology will continue
to require committed and skilled agents of change.
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Multimedia in Teacher
Education: Coping with

the Human Element

Frank Kline
Wichita State University

"I 8 6

The current information revolution is comparable in
importance to the industrial revolution of the 18th and 19th
century although there are obvious differences in content,
process, and pace. The implications of the information
revolution for education are far reaching. To date in
education, most commonly used technological advances in
information management involve text-based applications.
The incorporation of other media into education is still in its
infancy. (For the purposes of this paper, the use of various
media offering user control through computers will be
referred to as multimedia.) This contention is supported by
looking at the volume numbers of journals related to the use
of multimedia in education. There are a few journals with a
broad focus on technology that are in their 20th year of
publication (e.g. Technological Horizons in Education, 20 ),
but most of the journals concerned specifically with
multimedia are in their second to fifth year of publication
(e.g. Educational Technology Research and Development,
4; The Journal of Multimedia and Hypermedia, 2; Multi-
media Review, 3).

The reluctance of public education to research and
explore the uses of multimedia is not mirrored in the
business world. MacWeek recently had three articles
detailing multimedia educational projects developed by
businesses for various applications. One of them
(Rosenthal, 1992) reported on multimedia training. The
American Airlines Learning Center in Fort Worth, TX
coordinates the use of laserdisc audio and visual images
with "live" instructors to teach several different types of
courses. Reported advantages include both an increase in
the amount of information covered and a decrease in the
amount of time required. Boeing trains more than 5,000
maintenance workers each year using a multimedia format.
It reports the strength of visual images in overcoming
cultural barriers to communication. Kobe Steel of Japan
uses multimedia to simulate various production techniques
and to get past language barriers in its sales presentations.
There are numerous other applications of multimedia to
educational problems in business contexts.

Multimedia in Teacher Education
There are various projects and applications today that

are using multimedia for educational purposes. Marcus,
Nicholson, and Phillips (1991) listed 20 different projects
underway at the University of California at Santa Barbara,
which is noted as a leader in the field of multimedia.
Noticeably missing in the list of projects was any mention
of the college of education. Education at the university
level may be lagging behind the business world in its use of
multimedia, but the education of teachers is apparently
lagging even further behind in this effort. A review of the
1992 issues of Technological Horizons in Education (vol.
19), showed only one out of approximately 48 feature
articles that dealt with the incorporation of multimedia into
teacher education; the focus of this article was on distance
education rather than capitalizing on the unique qualities of
multimedia to enhance the education of preservice teachers.

A similar review of articles from Syllabus on the use of
Macintosh computers in higher education by the content
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areas yielded the following table. (Syllabus is a journal
produced by Apple for Macintosh users in higher education)

Table 1
Number of articles by discipline in the 1990-1991
volume of Syllabus.

1 An
1 Journalism
2 Political Science
3 History
4 Music
5 Physics
9 Humanities
11 Chemistry
12 Science
17 Language
17 Psychology
26 Biology
34 Education
49 Medical and Life Sciences
50 Business
54 Engineering
58 Computer Science
94 Math and Statistics

Education is sixth in number of articles dealing with
computer applications. Many would argue that it should be
at the top because it effects all other disciplines.

Falk and Carlson (1992) state the importance of
multimedia and deplore the lack of its use in public schools.
They also suggest that since most teachers teach as they
were taught, the use of multimedia in public education is not
likely to increase dramatically until it is routinely incorpo-
rated into the instruction of preservice teachers by teacher
training institutions. More and more teacher training
institutions are incorporating sophisticated classes on
applications of technology including multimedia in class-
rooms. However, the incorporation of multimedia into
methods, foundations, and other educational classes is slow.

In summary, because of the current information
revolution, educators have at their disposal more powerful
tools for education than ever before. Unfortunately, these
tools are not being widely used in teacher education.
Multimedia affords the potential for powerful tools that
allow us to teach specific instructional techniques and
models with unparalleled precision and vividness.

The Change Process in Education
Change in education has been systematically studied for

at lease 20 years (Fuller, 1969; Hall, Loucks, Rutherford,
and Newlove, 1975; Hall, Wallace, and Dossett, 1973).
This literature shows how educational institutions adopt,
implement, and finally institutionalize educational innova-
tions.

Assumptions and Principles of Change
From the last 20 years of literature on the change

process, Clark (1990) distilled several assumptions about
change. Although these assumptions were applied to
innovations in the classroom behavior of public school
teachers, they appear relevant to teacher education as well.
Below, in italics, are six of her assumptions that apply most
directly to the use of multimedia followed by a brief
comment on the application to teacher education.
1. Experienced teachers seldom become committed to a

new program or innovation until that have seen that the
new practices work well in their classrooms with their
students (Guskey, 1986). This is particularly true in the
university setting. Professors have duties in addition to
their teaching. If their teaching has been successful in
the past, there will be a tremendous resistance to change.

2. New practices entailing a significant amount of change
live or die by the amount of personal assistance teachers
receive such as reassurance, support, expansion of
users' repertoires, problem solving, helping users
master the practice, and increased interdependence
(Guskey, 1986). Particularly in multimedia and
especially for teacher educators, technical support is
essential. Beyond technical support, teacher educators
feel at risk in trying new ideas in class; failure is more
threatening to them than any other teacher. They are
supposed to be the experts.

3. Forceful leadership is the factor that contributes most
directly and surely to major, effective changes in
classroom practice that become firmly incorporated into
everyday routines. (Crandall and Loucks, 1983). In
public school settings, principals will occasionally
accomplish change by fiat; they decree that it will be
done the new way. Deans of education must deal with
professors who have been compared to volunteers
(Greenberg, 1993). That makes the individual invest-
ment of each professor much more important. Change
by fiat is unlikely in most universities.

4. Implementation is a necessary but not a sufficient step
toward sustained improvement. Institutionalization
should include writing the practice into the school
curricula, into standard operating procedures and
policies, into yearly materials and staffing cycles, and
eliminating competing practices (Crandall and Loucks.
1983).

5. Practices in order to effect change, must be used on a
large enough scale to alter entire patterns of learning
and teaching (Purkey and Smith, 1982). For teacher
education, this assumption (as well as the previous one)
means that multimedia must be written into program
descriptions, and course syllabi, as well as daily lesson
plans. It is not enough for isolated teachers to be
exemplary. We must strive together to create common
standards of excellence that include the development and
use of multimedia.

6. Assume that conflict and disagreement are not only
inevitable, but fundamental to successful change. Any
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collective change attempt will necessarily involve
conflict (Fullan, 1982). This assumption regarding
change is probably more true at the university level than
at the public school level. University professors are
notorious in their independence; very few other profes-
sions have such flexibility in how they account for their
time and so much control over their activities
(Greenberg, 1993).

To distill Clark's assumptions regarding change even
further, three principles emerge.
1. Change is slow
2. Change is individual
3. Systemic change requires a plan

Estimates regarding the time required to institutionalize
innovations range from 18 months to 5 years. That change
is individual means that systemic change occurs only as
individuals change their practice. In some ways, the plan is
what is missing in most institutions of higher education. At
this point most of the plans seem to focus on supplying
equipment. This is indeed a necessary prerequisite,
however, equipment alone is not alone sufficient to insure
change.

Factors that inhibit Change
"To ask faculty to change a curriculum is like asking

someone to move a graveyard. It can be done, but it is a
funky, messy, complicated, long process" (Cole, cited in
Bateson, 1989, p.98). The integration of multimedia into
teacher education programs is bound to be difficult. Some
of the major factors that inhibit that change follow.

Technical ISSueS. Technology changes almost daily.
Weekly publications exist that cover the changes in the
capabilities of technology. In a sense this dooms the
educator (the teacher educator in particular) to failure in
keeping up with the state of the art; as soon as equipment is
purchased, software is learned, and successful integration
into a teacher education program is accomplished, it is out
of date. This creates an inevitable gap between what is
possible and what is commonly used. As the rate of change
in technology continues to increase, that gap will likely
increase.

Rapid Rate of Change. lf, as Falk and Carlson
(1992) assert, it is the case that most teachers teach as they
are taught, education is in sad state indeed. I started this
piece comparing the information revolution to the industrial
revolution. One of the obvious differences is the rate of
change. The rate at which information doubles continues to
decrease. Before long, it will be doubling every five years.
Applied to teacher education, that means that as a profes-
sion, we will be learning as much about education in the
next five years as we have learned since the beginning of
recorded history! If the primary way of changing teaching
behavior is through training new teachers, then that rate of
change in that pursuit is being continually outstripped by the
rate of change in the knowledge about teaching.

Money. Branscum (1992) observed that equipment is
a necessary prerequisite to the integration of multimedia
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into teacher education. Estimates on developing computer
labs range from $50,000 to over one million dollars. There
not a strong indication that the moneys necessary for the
integration of technology into teacher education will be
made available. Colleges of education are caught in a
double bind created by the rate of change in technology. On
the one hand, they must utilize cutting edge technology if
their students are going to be able to make use of current
applications in their classroom practice. On the other hand,
the newest equipment and software is expensive and
colleges of education must spend heavily just to keep up.

Priorities. The fact is that teaching is not highly valued
in many university settings. That "publish or perish" is a
cliché shows the perception that publishing is more impor-
tant than good teaching. As long as good teaching is not
valued as much as research, professors have little incentive
to change their current practice.

Factors that Enhance Change
Just as there are critical factors that discourage the

incorporation of multimedia into the teacher education
programs, there are key factors that encourage it. As
educators become more sophisticated in their knowledge of
what enhances educational change (Clark and Schumaker,
1991; Kline and Clark, in press; Kline, Deshler, and
Schumaker, 1992), we can make specific applications to the
incorporation of multimedia into teacher education. A
discussion of four such factors follows.

The Power of Multimedia. The innovation itself is
one of the most potent arguments for its inclusion in teacher
education. Multimedia answers pressing problems in
teacher education. For example, field experiences are key
ingredients of most teacher education programs (Potthoff
and Kline, in press), yet field experiences by their very
nature are unpredictable. Education is such a varied
enterprise that one cannot be assured of seeing the same
thing twiceor once for that matter! If two preservice
teachers are sent to the same teacher and the same class at
the same time, even with fairly explicit instructions on what
to observe, they will almost certainly report different things.
Multimedia can remedy this problem by providing an

of a classroom for an entire group of preservice
... teachers (Reilly, Hull, and Greenleaf, 1992).

Another possible application would be to explore
student differences through the use of case studies. For
example, common characteristics of learning disabilities
(e.g. perseveration, long latency periods) could be shown on
video and discussed, or could be placed in an activity in
which students would be shown several video clips sup-
ported by text and encouraged to reflect on their observa-
tions.

Increasing Ease of Use of Technology. Multime-
dia is not a new idea. It was first proposed in 1945 by
Vannevar Bush who was with the US Office of Scientific
Research and Development during World War II. At that
time the technology was not even available. In 1965, Ted
Nelson conceived the idea of nonlinear links in text, and
soon it was applied by NASA to link Apollo documents and
by Stanford Research Institute to link computer files
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(Wishnietsky, 1992). It wasn't until the late 1980's that the
technological foundation required to link various media in
nonlinear fashions became readily available. Wishnietsky
(1992), noting the current extensive development of
multimedia, expects it to be readily available in homes by
the year 2000.

Earlier Experience with Technology. If a student
has had earlier successful experiences with technology, he
or she is more likely to use multimedia successfully (Gay,
1986). Actually, multimedia is merely the combination of
media that are mostly familiar to teachers. Most faculty
have in their experience, and use on a regular basis, video or
motion pictures combined with sound and other elements of
multimedia. The "strange part" is merely the combination
of the elements and the computer driver. As integrated
curriculums are becoming more popular and computers are
becoming more common, it is likely that multimedia itself
will become more familiar to faculty.

Facully Support and Time to Practice. When
teaching is set as a priority and appropriate resources are
made available, faculty will begin to use multimedia in the
development of their courses. As noted above the issue of
support is critical especially for faculty in colleges of
education. The support must include a genuine commit-
ment by peers and administration to the improvement of
teaching at the university level. This support is critical
because as faculty experiment there will be inevitable
failures, and teacher educators are supposed to be the
experts. When they fail, they must feel supported by their
peers and by their administration.

Increasing the Capacity for Change
Falk and Carlson (1992) have asserted that teachers

tea.ch the way they were taught. This may actually be the
answer to the dilemma presented to education faculty by the
information revolution. The rate of change in all areas is
increasing. There is more and more for students to learn
with no increase in the time to learn it. We cannot hope to
keep pace with the rate of increase in information to teach.
The implications for all of education and teacher education
in particular are plain-students must focus on the process
of learning rather than the products of learning. We have to
teach our students how to learn rather than specific content;
the content we teach may very well be out of date before it
is applied. For teacher education, faculty must model in
their own practice the acquisition of research-based
innovations. If students do teach the way they are taught
and are to grow into the flexible, innovative professionals
required, they should be taught by faculty who continually
try new ideas. As a necessary correlate to this, preservice
teachers will be exposed to appropriate models of instructor
failure. That is, they will see expert teachers try something
new that doesn't work, change their plans, and recover from
the failure. Exposure to faculty who are honestly grappling
with their failings and who are honestly pursuing excel-
lence, will be the strongest model of appropriate teaching
possible. Right now, the inclusion of multimedia into
teacher education programs provides the best opportunity to
model the incorporation of a theory driven, research-based

innovation into educational practice.
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What is it that prevents faculty members from using
technology to enhance their instruction? In an insightful
article by Johnson, Harlow, and Maddux (1993), a national
survey conducted by Johnson (1992) is cited as an indicator
of the extremely low incidence of the use of educational
technology for innovative teaching. Johnson, Harlow, and
Maddux also relate the concern of a student regarding the
lack of integration of technology into instruction: "I keep
hearing this [the need for technology in instruction], yet as I
walk up and down the halls of the college of education, all I
see is professors lecturing to students" (p.118).

In many cases the barrier to the use of technology in
instruction is as straightforward as a lack of hardware or
software, or a lack of administrative support of technology
in the curriculum. But what about the situations in which
there is no lack of hardware or software, where the integra-
tion of technology into the curriculum is a part of the stated
mission of the school, where technology-experienced
faculty are available and devoted to assisting with technol-
ogy integration? The latter, technology-rich scenario is a
description of the setting from which this pilot project
emerged. The four individuals involved in this pilot project
were committed to not only the integration of technology
into the curriculum at our school, but also to closely
examining the psychological and sociological factors and
effects we experienced throughout planning, developing,
implementing, and revising the courseware we built and
employed in a summer school graduate class.

One purpose of this paper is to communicate our
impressions and findings regarding the impact that coming
together around the computer had on each of us as teachers,
scholars, colleagues, and human beings. Another purpose is
to examine the psychological and sociological factors and
effects that must be addressed as faculty attempt to collabo-
rate on integrating technology into their instruction.

Participants
Of 11 faculty members who had been asked to teach a

graduate level Research and Statistics class during the
summer session, four indicated an interest in working
collaboratively to employ computer-based courseware. The
individuals involved in this project included:

the chairperson of the Department of Educational
Technology, who is a heavy user of technology and is
"on a mission" to get other faculty to use technology in
instruction.
an educational/cognitive psychologist who has a joint
appointment to the Department of Administration,
Curriculum, and Instruction, and the Department of
Educational Technology, who is also committed to
integrating technology into instruction, but who is less
technically sophisticated than the chairperson.
a faculty member who is highly experienced in educa-
tional administration, and is a member of the Depart-
ment of Administration, Curriculum, and Instruction,
who is very new to the practice of integrating technology
into instruction, but has "got the technology bug" and is
self-directed and motivated in this area.
a principal of a large elementary school who adjuacts for
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the university in the summer, who is also new to the
integration of technology into instruction, but is enthusi-
astic and open to any and all vehicles to advance and
promote learning.

Data Collection
Data for the project were collected throughout the three

months of planning and developing, the month of the
course. and is continuing in a post hoc reflective mode. The
methods for data collection are naturalistic, participant
observer, and qualitative. We found this to be most
appropriate as the project is in a pilot phase and we sought
to discover emerging themes from our experiences and
conversations (Borg & Gall, 1989).

Results
The four faculty had a wide range of experiences and

comfort levels in the area of educational technology and
research and statistics. They devoted many hours to
exploring and discussing the challenges involved in
collaboration with technology. One of the major areas we
soon became aware of was that of differing degrees of fear
related to the technology on the part of three of the four
participants. These fears were articulated and discussed.
They included fear of looking foolish, fear of asking for
help, fear of not "catching on" quickly enough, and fear of
not being able to be effective with the technology in
instructional settings. It was important for us to note that
these fears were self-imposed and self-generated, but very
real nonetheless.

These fears are consistent with the notion of anxiety and
lack of confidence in learning to use computers as studied
by Loyd and Gressard (1984) and Poage (1991). In both
studies it was found that the presence of anxiety and a lack
of confidence when attempting to learn to use the computer
had a negative impact on learner progress. Aware of this,
we worked to minimize anxiety and enhance confidence
throughout the project.

Other challenges of a psychological or sociological
(rather than technological) nature also included:

the challenge of blending styles and modes of working
of the participants, i.e., differing speeds of working,
linear vs. non-linear work patterns, a focus on the
theoretical aspects of the technology and the course
content versus a more practical focus, and varying needs
to converse about the work.
a lack of practice on the part of all participants in true
collats"ration centered around instruction. Although all
participants had collaborated on research or on projects
of a non-instructional nature, none had experienced a
true collaborative approach to planning, developing,
designing, and implementing instruction.

Structure of Communication and
Collaboration

With open recognition of and some degree of fascination
with these psychological and sociological challenges, the
participants in the study chose to process these psychologi-
cal and sociological factors as a necessary foundation for
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tue collaboration. We held regularly scheduled, two- to
three-hour meetings for the three months prior to the start of
the class. Our goal was to establish shared visions and
expectations for course content, integration of the technol-
ogy, evaluation of student learning, and design of the
computer-based courseware.

Our meetings continued throughout the month in which
the class was held. During these meetings, we invariably
would discuss how unusual it was to be so open and
communicative, and at times, critical of each other's
instructional philosophies and practices. Even the most
concrete issues such as time extensions for work not
accomplished within the time of the course, and grading
policies were discussed and agreed upon. Clearly, these
issues were not the stated, central concerns of the collabora-
tive effort. We had come together to work on integrating
technology into our section of the Research and Statistics
course. Although our discussions usually began with a
focus on courseware content or design, they often expanded
to include reflection on our current and past instructional
practices, our increasing comfort levels with the integration
of technology, and our increasing skills in true collaboration
and the enhanced collegiality that resulted.

Conclusion
A new challenge faces us as we attempt to achieve

infusion of technology into instruction. We must acknowl-
edge and embrace the very human risks that are inherent in
stepping toward technology as a powerful vehicle for
"maximizing the chances that learning will occur" (Glover
& Bruning, 1990). The risks are real for all of us, not just
the novices in the area of educational technology. Highly
experienced users of educauonal technology must also take
risks as they atempt to work with and support those who
are new to this venture.

In our pilot project this past summer, we all risked, and
we all won. We learned a lot about educntional technology
and research and statistics, but we learned the most about
communication, collegiality, and collaboration. In our
experience, contrary to many informal comments often
heard about the dehumanizing evils of technologythat
computers detract irom the building of a human connection
between colleagues and between teachers and learnerswe
found just the opposite. We found the technology to have a
profoundly humanizing impact on the whole Research and
Statistics teaching experience. It bound us together around
a set of common struggles and triumphs. We believe the
technology was a critical catalyst in bringing us together in
such powerful and positive ways and we are looking
forward to continuing our project next summer.
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A decade ago, technologically light-years in the past,
John Naisbitt (1982) warned that the United States was in
a major shift, from an industrial to an information society.
In an interview with Naisbitt, Charlotte Cox (1983) asked
questions that are still pertinent today. Naisbitt explained
that technology could manage this new information
society, but only to the extent that people were skilled in
its use. Non-menial jobs in this society are related to
information processing, utilizing equipment ranging from
iinear software to voice-activated laser disc technology.

Naisbitt strongly believed that schools must focu Jri
teaching students how to learn in a life-long commitment
to learning. To Naisbitt, our society requires learners
who are flexible and can apply well-grounded problem
solving skills in order to adapt to changing situations. He
suggested that "Schools should reevaluate whether
they're in the business of loading students up with
information or teaching them how to learn" (Cox, 1983,
p. 8). To prepare learners who are technologically
marketable, schools must recognize that as people gain
experience in the use of technology, there is a greater
focus on interaction with others, in problem solving
situations, in critical thinking activities, and in knowing
more about activities that will open new vistas for
advancement.

Howard Gardner's research on multiple intelligences
also suggests a need to move from a focus on the devel-
opment of basic skills to educating students to apply
concepts, principles, and skills in any situation, particu-
larly a new setting (Gardner, 1993). Gardner believes
that less is more and that learners have a greater possibil-
ity of understanding if concepts are taught at a deeper
level. The use of information technologies can be key to
enabling students to develop and demonstrate profi-
ciency in critical thinking.

Introducing Technology into Schools
Some educators assume that effective use of technol-

ogy and current educational structures and practices are
incompatible (Newman, 1992). In many schools teachers
are virtually illiterate as to the most basic functions of a
user-friendly computer. Yet other schools have enthusi-
astically adopted advanced technologies such as CD-Rom
and laserdiscs, local area networks, integrated learning
systems, and teleconferencing.

Teachers may be expected to respond to technological
innovations in a number of ways. Examples of responses
which raise concern include:
1) Immediate acquiescence: when teachers demonstrate

absolute trust in the "experts" and are willing to
accept any type of information technology, whether
valid and reliable or not.

2) Apathy: when teachers accept information technology
without questioning either system or product.

3) Reluctant acceptance: teachers who accept informa-
tion technology of any type because they fear what
may happen if they rail to change.
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4) Avoidance: teachers who avoid accepting changes
involving information technology because of either
fear or anxiety.

5) Reactionist rejection: when teachers oppose a
particular form of information technology, regardless
of the consequences.

The preferred response is for teachers to readily
accept and use new forms of information technology
because of personal understanding, awareness, logic, and
common sense.

To determine if and how technology can be effec-
tively used in schools we must consider a number of
questions:

How can teachers present the exploding morass of
information in a meaningful way?

Are teachers prepared to critically select the appropriate
hardware and software needed to facilitate the transfer of
information from technology to student?

How can teachers prepare students who are technologi-
cally literate and marketable in a high-tech business and
industrial environment?

Required Connective Skills
Connective skills enable one to interface two or more

elements with minimal effort and maximum quality.
Teachers abilities to "connect" the cybernetic world of
computers with the reality of life in classrooms are key for
maximizing information technology in the classroom.
Specifically, teachers must:
A) protect students from information overload, which

refers to a student's inability to think clearly as a result
from excessive cognitive stimulation;

B ) recognize and seize the advantage of technological
innovations and understand how they may be used to
enhance learning;

C ) safeguard themselves against a dependence on any
technology system or device they do not fully under-
stand or control;

D ) thwart the seductiveness of information technology
which appears to offer a "quick fix" but is not based
upon valid instructional principles; and

E ) learn to accept and adapt to changes inherent in the
fields of education and technological development.

Schools preparing students for the twenty-first
century are under pressure to provide graduates who can
remain technologically literate in the most advanced
innovations. Administrators are faced with acquiring
expensive equipment, matching the technological
advances with the prescribed curriculum, finding
educators with the requisite experience, and encouraging
experienced educators to learn new innovations which
are often threatening to seasonod teachers (Armstrong,
Henson, Savage, 1993).

The connective skills which teachers today and
tomorrow will need are those skills which will allow

learners and teachcr/facilitators to probe more deeply into
the explosion of information, thereby keeping current with
the needs of modern society.
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The Center for Excellence in Education (CEE) has the
potential for being an instructional technology support for
not only CEE faculty, but for faculty from all colleges at
Northern Arizona University (NAU). A teaching lab for
students already exists at CEE: we have a facility which
houses 21 Macintosh LC' s with Apple He cards and drives,
extended internal memoiy (10 MB), 9 CD-ROM drives, 6
mobile teaching stations, and wide range of software for the
Apple He and Macintosh. Each of six teaching stations
consists of a mobile cart which supports a computer (Apple
Be, Apple IIGS, Mac SE, Mac LCII, Quadra, IBM), an
overhead projector, and an LCD projection panel. In
addition, a student/faculty Multimedia Development Lab
was recently created with a Mac Quadra, text and graphics
scanner, laser disc player and monitor, camcorder, still-
video camera, bar code reader, musical keyboard, and
assorted laser and CD-ROM discs.

The Multimedia Development Lab has been used
minimally by both CEE students and faculty. A goal for
CEE is that all students will be able to use the multimedia
equipment for curriculum integration before student
teaching. Students must see multimedia and other instruc-
tional applications integrated into their courses, however, to
understand the application to instruction. Teaching faculty
must themselves learn new methods and new applications of
technology before they can act as facilitators to student
learning in this area.

Many faculty have expressed a concern that it is difficult
to assign student technology projects when they themselves
don't know what the equipment can do. Most faculty,
however, do not have time to learn new technologies with
full-time teaching loads, growing class sizes, and research
and service obligations. A faculty multimedia cohort group
was formed last year, but lack of time and teaching obliga-
tions prevented the group from going beyond "show and
tell" sessions.

CEE's Technology Committee decided to help faculty
with the time factor. One of the main charges for this
committee is to help integrate instructional technology into
teaching. The Technology Committee, through a university
funded technology grant, has introduced a staff develop-
ment component for CEE and for NAU faculty in instruc-
tional technology for the 1993-94 academic year. Included
in this plan are components which have been recommended
for successful technology integration: commitment to new
technology and change, long-term technology ror.sultam
support, demonstrations and modeling, goal setting and
rc&citing, peer group support and collaboration, individual-
ized instruction, recopition and reaffirmation of beliefs, and
time (Moursund, 1989; Gunn, 1990).

Participants
Seven CEE faculty members from different disciplines in

the College of Education each with 1/4 release time for AY
1993-94, will use a staff development model developed by
the CEE Technology Committee for technology infusion into
undergraduate and graduate courses. This staff develop-
ment model, using a trainer-of trainers component with load
release time (transfusion), will be evaluated by one partici-
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pant through an evaluation and tracking model for innova-
tion in technology. Several faculty participants are keeping
reflective journals of their process, and students in specific
classes are also keeping journals.

Transfusion: Fall 1993
Participants are learning a particular application of a

portion of multimedia (i.e., using video camera connected to
computer, video editing, developing electronic interactive
course modules) and are teaching other participants that
application. During the fall semester, participants are
applying that technology knowledge by developing applica-
tions for their particular area and are demonstrating to their
colleagues the direct application to classroom instruction.
These efforts are supported by faculty release timea
transfusion of time and/or money.

Infusion: Spring 1994
Four seminars are planned for the spring 1994 semester,

three of which include multimedia demonstrations, sessions
on instructional design, and individual and group goal
setting with CEE faculty. The fourth seminar will be open to
faculty from all colleges on campus. These seminars require
1/4 release time for the same participants to plan, develop,
and teach the seminars. Between seminar sessions, the
participants will be involved in individualized instruction and
consulting for CEE faculty. Outside funding will be sought
to continue this staff development plan, to add new
technology to the Development Lab, and to provide NAU
faculty with staff support. It is planned that a second year
will allow expansion for instructional seminars for interested
NAU faculty. The staff development participants will also
write working papers of their process and evaluation of the
staff development model.

Staff Development Activities
Workshops

Participants in this technology grant have attended mini-
workshops on specific hardware and software available in
the Development Lab presented by the Coordinator of
Instructional Technology, a grant participant.

Participant to Specific Areas
The Educational Psychology participant has been

working with HyperCard to design and give interactive tests
or review questions to students. This fall semester has been
spent in streamlining tests for students with s veriety of test
question formats and with feedback provided to student
responses. He has tested it with students and introduced the
educational psychology faculty to the concept through
demonstration.

A larger campus-wide introductory seminar was held for
all interested faculty at NAU by the Coordinator of Instruc-
tional Technology. This seminar consisted of demonstration
and discussion of CD-ROM, interactive laserdisc, still
camera, and video, as well as applications to the university
classroom. Thc seminar was sponsored by NAU's Office of
Professional Development and Wakonse Teaching Fellows
as a ftrst-step in orienting faculty unfamiliar with terms and
equipment and to provide a vision for instructional technol-
ogy in their own professional development plans.

Individual Efforts
Our multicultural/bilingual participant is becoming

familiar with interactive video-to-computer production and
is developing classroom applications. With his background
in film and television, he is providing a much-needed
support for grant participants and CEE faculty to learn this
multimedia application and its infusion into the university
classroom. Small group workshops are planned for the end
of the semester with grant participants.

The Coordinator of Instructional Technology has
offered seminars for CEE faculty and staff in the operation
of still camera and the graphics and text scanner, as well as
application to the university classroom. Small group
workshops have been conducted for students in nine lab
sections of an educational technology course, and to a
designated group of students in a secondary methods
course.

Several participants, new to technology in general, have
made use of this grant process to investigate technology
support in their particular area: elementary, secondary, and
special education. They have spent several orientation
sessions with Technology Lab staff in familiarizing them-
selves with software available in their areas and have
attended orientation sessions provided by other participants
to become familiar with emerging technologies. One
participant, a beginner in technology applications, is
becoming familiar with CD-ROM and is using commercial
clip art in classroom handouts. A second participant, also
new to most technology applications, is becoming familiar
with qualitative research software as she evaluates student
journals in a rural special education grant. The third
participant, while orienting herself in the technologies
available, wanted a faster way for her students to see
technology integration. She has established student
technology "expert" groups using a student "Trainer-of-
Trainers" model.

Student "Trainer-of-Trainers"
A student "trainer-of-trainers" model was developed and

implemented to expedite the infusion process. In the past.
the secondary faculty participant relied on the Coordinator
to give a 50-minute presentation to introduce secondary
education students to instructional technology in a curricu-
lum development course. It is difficult to use this type of
one-shot presentation in this particular course, as students
are from different content areas, all diverse and non
overlapping (i.e., music, English, Chemistry, Spanish). To
model technology integration with all available equipment in
all secondary areas represented requires a bit more than 50
minutes!

We therefore adapted an often-effective faculty develop-
ment plan used in a number of educational settings to this
secondary curriculum course. Students work in cooperative
groups by content areas throughout a major portion of the
course to develop a curriculum of the future. In the past,
students in this course have been required to preview and
evaluate a non-print source to be included in the group
curriculum plan. Students have also been required to
include techuology in the plan, but other than guidance from
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self-selected articles, there had been no other required
exposure to technology.

At the beginning of the grant-supported fall semester,
students in each group volunteered as the technology
"expert" for their content area. Each technology expert met
with the Coordinator of Instructional Technology for a 50-
minute presentationsimilar to the whole class introduc-
tion from previous years, but with only the "experts" in
attendance. Each small group from individual areas met for
specific training in applications from their content areas.
Before curriculum plans are finished, the whole group of
technology experts will present their findings and expertise to
the class through demonstration. An added benefit of this
model is that each content group has one or more experts
who have not only learned about emerging technologies
with hands-on opportunities, but they have also worked with
the Coordinator of Instructional Technology on how those
technologies might be integrated into their content area. It
is anticipated that the final curriculum plans developed by
content groups will show true integration of technology,
rather than haphazard technology add-ons.

Evaluation
The Educational Leadership participant attended a

training session on a "Levels of Use" (LOU) evaluation and
tracking model for analyzing innovation in technology over
long periods of time. This model describes the various
behaviors of the participants as they pass through different
stagesfrom spending efforts in technology orientation, to
managing. and finally to integrating multimedia technology.
There are several levels of use that participants will surely
encounter while becoming more proficient and this model
will track these stages and will allow the participants and
CEE to know on what level the user is operating.

The behaviors that a user exhibits are organized in the
form of characteristics at each level. Interviews are
administered to participants to assess level of use on a
monthly or yearly basis. A framework of indices and
decision point guidelines have been developed so that CEE's
project participants' progress can be monitored. This
framework will allow the evaluator to chart the level each
participant is operating at as we become more knowledge-
able about multimedia and its infusion into the classroom. A
levels of use chart will be produced by CEE's evaluator so
our development process can be understood and measured
validly and reliably. It is through a series of interviews with
the participants and the subsequent charting of the levels of
use that our evaluator will be able to obtain a personal and
institutional view of whether or not multimedia has been
integrated into our teaching. and e vmnially, into the life of
the CEE. The value of LOU as hoth a formative and a
summative evaluaticn toc is that participants can under-
stand and monitor their own use of the innovation and can
gauge where they stand in relation to participants and to
CEE as a whole.

Release Time: Transfusion or a Bleeding
Wound?

Finally, an opportunity for much-needed release was
made available. Though members of the committee were

1Vb

sure that this would provide "the answer," this component
of the grant has not provided the relief that was expected.
CEE has experienced tremendous growth in the past three
years, but without adequate funding to support the numbers
of students enrolling in our teacher education program.
Most faculty loads are at 12 teaching hours and a few
faculty are teaching an overload (i.e. five classes per
semester).

Of seven participants, only one was able to arrange 1/4
release time; the other six are participating with an overload.
One explanation of this failure to comply to the release time
seems evident: CEE's administration provided a 50-50
match to the grant by providing money for release time
($500/one-credit hour), but did not support faculty in
making that happen. Each participant is in a somewhat
specialized area where part-time adjunct faculty may not
have been available to cover the load. There-is, however,
money compensation by including the technology grant as a
paid overload, which might be viewed as moving in the right
direction. Evaluation of this staff development plan will
include interviews with participants as to their perceptions of
release time versus paid overload, and hopefully the energy
and time required beyond a typical load will be documented
for further study and reporting to CEE and NAU adminis-
tration.

Participants: Infusion or Confusion?
The infusion is slow to take place. It was assumed at the

beginning of this grant funding period that seven participants
learning to use individual technologies could learn about and
provide adequate instruction for the rest of the participants
to be ready for spring classroom integration. As the first
semester draws to a close, most participants are still
struggling with their own instruction and classroom
integration is not as close as we had hoped. Would real
release time rather than overloads have accomplished this
infusion process successfully? Hopefully, we will get a
second chance to test the assumption that actual release
time would provide opportunities for development and
practice of claszoom technology infusion.

The Success Story
Seven faculty members of CEE are further ahead in the

area of instructional technology than they were last year.
Students request use of the CEE Multimedia Development
Lab in enough numbers that we are not able to keep up with
individualized instruction. The Instructional Technology
Coordinator is developing student seminars to introduce
students to emerging technology in small steps, but in larger
groups. Faculty as a whole are asking questions about the
newest technology available in the Development Lab.
Equipment and software are often checked out for week-
ends and holidays, or mobile stations are wheeled to faculty
offices occasionally. Checkout of the Mac multimedia
demonstration carts has increased to the point that we are
evaluating our checkout procedure. Several participants,
who admit that the extent of their technology use was using
a word processor before the project, are now attending
seminars, asking questions, and can include some form of
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technology development into their individual growth plan. It
was the grant writers' expectations that release time was a
critical component for technology infusion, and while we
must pursue this further, seven faculty members out of 65
are getting paid extra to spend time learning emerging
technologies.

Another advantage of this grant participation is that
participants are working as a team. We keep in touch via e-
mail and share our progress and process frequently through
electronic meetings. The cadre formed by the grant has
created a team that has a variety of interests and back-
grounds that lend themselves to a comprehensive work
group (i.e., a former TV and film producer; a person
interested in evaluation of technology innovations over time,
a psychologist looking at learning and technology).

Little Steps
As in most things we tend to do at CEE and in education

in general, it seems, our vision was grand and we are now
adapting to real life. There still is not enough time available
to learn emerging technologies as we would like. But
looking back over this first semester, the little gains stand
out.

Technology-expert students in a secondary methods
class will leave their course with an in-depth look at technol-
ogy to support their individual content areas, while their
peers have been exposed to technology through demonstra-
tion. All will have completed a curriculum of the future
which includes technology as a support and in their content
areas.

The Multimedia Development Lab has outgrown its
spacethe small space allotted to this project can not hold
all the students and faculty interested in instructional
technology or multimedia development. The checkout of
specific equipment, such as the still camera, has caused
waiting time for students who also want to check the, camera
out for class projects. Many students are asking for support
in getting equipment into classrooms for demonstrations
and projects; they are excited as they bring technology into
some classes for the first time and expose faculty and peers
to the potential of instruction supported by technology. A
number of education faculty must reorganize their sched-
ules and syllabi as the technology demonstration carts are
reserved ahead of class times; no longer can they expect to
use technology on the spur-of-the moment. The quiet,
hidden-away spot used by only a few is now a hot spot in
CEE

Summary and Reflection
Several participants have submitted an interdisciplinary

panel to a world conference on multimedia to present our
project. Two participants have submitted an NAU Orga-
nized Research grant proposal for summer funding to edit
working papers which all participants have agreed to write as
part of the staff development project. This Organized
Research proposal also includes support for soliciting
working papers from leaders in the field of instructional
technology for an edited book, and to seek outside funding
for the development of a Center for Research in Instruc-

tional Technology.
CEE continues to provide outstanding support for

technology infusion in our teacher education program,
through money to support the purchase of hardware and
software, and also in the support of people by buying time.
The Coordinator of Instructional Technology position is a
1/2 load assignment which includes faculty development in
the area of instructional technology. CEE administration
supported this faculty development grant by providing a 50-
50 match with money designated for "transfusing" faculty
with release time. Technology is accessible and interested
faculty appear ready to begin or step up the technology
infusion process. We are excited about the successes already
evident from this staff-development model and the evalua-
tion procedures in place. Now it is a matter of time...or is it?
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Many teacher education institutions have identified the
need to integrate the use of technology within their teacher
preparation programs. Soloman (1992) suggests that new
teachers must understand the potential of technology and
how technology can help to restructure the learning
environment. In order to develop this vision, preservice
teachers must have educational experiences throughout
their preparation program that model how computer-related
technologies can be used for instruction and as learning
tools (B yrarn & Cashman, 1993). Therefore, technology
integration has become a critical issue facing preservice
teacher educators.

One desirable goal for many teacher education programs
is for technology to become a natural part of the teaching
and learning environment for all faculty (Bruder, 1989;
Nelson, Andri, & Keefe, 1991). According to Handler and
Marshall (1992) all faculty should assume the responsibility
of modeling appropriate uses of technology as an instruc-
tional tool for students. Technology must be introduced to
faculty members in such a way that they see a purpose and a
use for technology in their content area (Stephen & Ryan,
1992). When the computer becomes a necessary tool for the
faculty member, then the use in the classroom in the next
logical step (Johnson & Harlow, 1993).

During the 1991-1992 academic year, a three-year
technology integration plan began in the Department of
Curriculum and Instruction at Iowa State University. The
major goals of this three-year plan are to provide computers
and networking for faculty, to provide voluntary workshops
for faculty, to provide support for answering faculty
questions, and to provide support and models for classroom
integration. The plan has continually been updated to meet
the needs of the faculty. This paper describes the mentoring
approach that was used to assist faculty members in using
technology in their courses during the second year of the
technology integration plan and the results of the approach.

Year Two of the Integration Model
Year two of the technology integration plan (1992/1993)

called for the beginning use of computer-related technolo-
gies in education courses by interested faculty members. In
order for this to occur, faculty needed access to facilities
that were equipped with computer technology. During the
first year of the plan two classrooms were equipped with
computers and related technologies for whole-class
instruction and participation. Portable carts that include
computers, CD ROM drives, videodisk players and color
LCD panels were available for faculty and student checkout.
Over 1,1300 pieces of software are available in the computer
lab for instructional use.

During year two, a major focus was to assist faculty
members with the integration of technology into their
course(s). Interested faculty were given technology support
by other faculty, faculty members, teaching assistants and
students. In order to meet the needs of some faculty, a
mentoring program was established that teamed an instruc-
tional technology faculty member with faculty members.
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The Mentoring Program: The Process
Two of the reading/language arts faculty members

expressed interest in integrating technology into their
content courses. It was decided that a mentoring group
would be formed that included the two reading faculty
members and an instructional technology faculty member. It
should be noted that part of the technology faculty
member's teaching responsibilities was to work with faculty
interested in using technology. Clearly, there is administra-
tive support for the mentoring program within the depart-
ment and college.

Throughout one semester, the group met weekly for an
hour to discuss curriculum issues and to introduce various
pieces of hardware and software. Additional time was spent
by each faculty member learning and using software and
hardware on their own, followed by group review of the
application effort. Instructional emphasis was placed on
integrating technology as a means of delivering the reading
and language arts curriculum. This mentoring group
maintained a focus on using technology which students
could utilize for multiple purposes during and beyond their
preservice teacher preparation as well as in the classroom
with children.

The two reading faculty members involved in this group
had little or no computer experience prior to this mentoring
program. Until two years ago, neither faculty member had
access to instructional technology in their office and
technology in classrooms was lirriited to overhead, film,
slide, and video projectors. In the Fall of 1991, both faculty
members were given a Macintosh Plus computer for their
office, later upgraded to a Macintosh LCM. These faculty
members now have access in their office to on-line communi-
cation systems such as the Internet, Scholar and the
university gopher system. While attending national,
regional and state reading professional meetings, both
professors have expressed a new knowledge of the technol-
ogy used and have shared their technology experiences with
others attending these meetings.

The faculty members involved in this program used the
mentor differently to integrate technology into their courses.
One faculty member used the mentor as a resource to learn
of software programs and to discuss possible classroom
activities that integrate technology into the content area. In
addition to learning and discussing possible uses of
technology for instruction, the other faculty member also
team taught with the mentor in various classroom situations.
During classroom demonstration and discussion, the mentor
modeled the use of technology while the reading faculty
member helped facilitate student discussion. Although both
faculty members approached the use of technology in their
classrooms differently, each gained a new understanding of
its impact in various curriculum activities.

In the sections that follow, each summarize their
technology integration for instruction and learning. Again,
the common goal for both faculty members was to integrate
the technology in order to expand and enhance the content

of their courses.

Instructor One: Ideas for Technology
Integration into Reading/Language Arts
Courses

One target class was Reading and Writing Across the
Curriculum, an elective, senior -level course with twenty-four
students enrolled. Two of the students had completed
student teaching, and the remaining students would student
teach the following semester. Various levels of computer
experience existed. Six of the students had completed one
computer course; one student had completed three com-
puter courses, and the remaining students had no formal
computer mining but had experience with the computer for
various projects in previous classes. Seven of the students
had a personal computer available at their residence. For
this particular course, students were required to have a disc
to devote to the class and were assigned to a three-person
base-group depending on their level of computer experience.
In each base-group there was at least one student who had
completed a computer course.

The decision was made to concentrate on integrating a
few, selected programs, using the software for different
curricular purposes when appropriate: 1) teaching support
and modeling; 2) student use as a vehicle to reinforce
understanding of key concepts by engaging in course-
related computer application activities; 3) follow-up
application with children during field experiences. Follow-
up application was possible for twelve of the students who
were each concurrently tutoring a child in reading for
another College of Education class.

During the semester I modeled software in class using a
laptop computer and color LCD panel. Those class meetings
featuring a lecture format were organized using a presenta-
tion software program called PowerPoint. Members of the
mentoring group even started using the program for reports
to the faculty during departmental meetings. The ease of
use, the versatility, and the audience impact all generated a
great deal of interest among colleagues.

I used a spreadsheet for collecting and reporting grades,
and for conveying to students the organization for compiling
a required notebook examples of the teaching strategies
studied during the semester. During the course a modified
spreadsheet was used as the framework for a review of the
course content. During a follow-up discussion of the
applications and the software, students were encouraged to
consider other classroom uses.

I also demonstrated use of FileMaker Pro for organizing
a department collection of alphabet books as a resource for
learning in content areas. During the course discussions on
the affective dimensions associated with reading and writing
across the curriculum, students were given the task of
searching professional journals to gather three reading/
writing ideas with classroom application to one or more
content areas which would be motivating for reluctant
readers/writers. Each student was to enter the gathered ideas
into a class collection by completing FileMaker Pro tem-
plates (see Figure 1). During the my office hours, students
added to a class collection by reviewing previously entered
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journal: Instructor Sept. 1992 Vol. 102 no. 2 pp. 67-68
author Wilson, Linda
title: A Primary Project on Teddy Bears that Comforts Kids and Connects the Curriculum

summary: A great way to motivate children is by using literature and incorporating other as-
pects of the curriculum. By doing a unit on bears, (look at the bibliography lists of books) the teacher
can teach science by having the children look at non-fiction books about bears. In math, they can
classify the different types of bears, and estimate how many pictures of bears are in each book. In
Social Studies, the children can learn about how President Theodore Roosevelt saved a bear and
about the Smithsonian Institute. The teacher can have the students draw the different types of bears
and then put them in order of size and weight of the bears.

subject area: Language Arts, Math, Social Studies
grade level: K-3
name: Sue Gase

Figure 1. Sample record from class collection of alphabet books and ideas using File Maker Pro.

records to avoid duplication, and using the faculty member-
designed template to enter each of their three ideas onto a
record. For a follow-up computer lab, the collection contents
were copied onto lab machine hard drives. During the lab, I
demonstrated the sorting feature of File Maker Pro. Students
sorted the collection to find their own entries, to browse
through colleagues' contributions and to find entries that
could apply to a thematic unit they were preparing. Students

Concepts:

Books/Magazines:

Software:

Social Studies

Reading/Language
Arts

Concepts:

Books/Magazines:

Software:

Concepts:

Books/Magazines:

Software:\,

Unit Topic

Science

Math

f
Concepts:

Books/Magazines:

Software:

Figure 2. Sample template for the thematic unit
content summary using Inspiration.

printed at least two of the entries from the collection, and
were encouraged to copy the collection onto their own disk
for later additions and classroom use.

Another versatile tool software program used was
Inspiration. This program allows the user to develop
concept maps and outlines that help organize information
and develop writing skills. In a modeling framework, I used
the program to generate visuals to explain course content as
well as to suggest applications of the software for use in the
elementary classroom. Following class demonstrations, the
base-groups practiced using Inspiration during a computer
lab to review the course content as well as to become familiar
with various features of the software. After this supervised
practice base groups used Inspiration to summarize the
contents of a thematic, cross-curricular unit they prepared
(see Figure 2). Various features of the program had to be
included such as color, various fonts and styles, display
features and note function. Use of the program generated
student discussion on how the software could be used in an
elementary classroom.

An early emphasis was placed on the information
handling and communication power of computers. Prior to
the mentoring group, I had not been registered for e-mail.
After a mentoring session on registering, accessing for
sending and receiving mail, integration into the coursework
was planned. Using step-by-step direction sheets, each
student was required to register for an e-mail address, and
reminded to check their mail weekly for course information
and reminders. At the start of the class only three of the
students had an e-mail address and only one of the students
was a regular e-mail user. Although students were able to
access e-mail in the College of Education computer labs as
well as the library, the computation center and campus
dormitories, care was taken to ensure that this was not the
sole avenue for information. A large commuter population in
the class made that an unfair avenue if students did not have
ready access to a computer terminal.

In addition to receiving course reminders via e-mail,
students in the class were assigned a class "journal pal" in a
reading course at another university. They were required to
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use e-mail four times during the semester to communicate
with that "pal" in order to summarize course content as well
as to convey teaching tips they encountered during their
professional reading. A copy of the journal entries for-
warded to the faculty member allowed verification of e-mail
use as well as the opportunity to monitor problems which
students were experiencing with course content.

Student response to using e-mail was overwhelmingly
positive. They discovered additional information handling
and communication possibilities and shared with colleagues'
shortcuts and available bulletin boards.

Instructor Two: Ideas for Technology
Integration into Reading/Language Arts
Courses

Incorporating computer technology into three courses
was one of my major teaching goals during the 1992-1993
school year. Two of the classes targeted for technology
integration were undergraduate methods courses and one of
the classes was a graduate class in correcting reading
difficulties. Less than half of the undergraduate class had
experience using a computer while the majority of graduate
students had some computer experience. By attending one
of the departmental workshops on presentation software, I
learned how to use the PowerPoint presentation program.

Since the workshop, I have developed various presentations
using this software program to use during class lectures.

The two undergraduate classes concerned the teaching
of whole language in the curriculum. One of the basic ways
that computers are used in a whole language classroom is for
word processing. Each student was required to write their
autobioraphy using a word processing program. Preceding
this assignment students developed a time line of the events
in their life. During one of the classes, a demonstration was
given by the technology faculty member on how to use a
software program called Timeliner. After the demonstration
each student listed important events in their life and
designed a timeline that included those events. A printout
of the autobiographical timeline became a cover page for this
assignment.

When demonstrating the Language Experience Ap-
proach, I used a portable computer teaching station. As a
class member typed student ideas using a word processor,
the story was displayed for the entire class to see using the
LCD panel. After the class had completed the story and
discussed possible classroom applications, students had the
opportunity to copy and to print the story for future use.

Inspiration was another software program that I demon-
strated to the students enrolled in the reading methods
class. Using this software program the students were to
develop a schematic map for a required thematic unit project.

Name: Denise T Homeroom: Room 37
,

Grade: Third School: Lakeview Elementary

AM. Nail 47EGIJ )7C+C'i illhOli§ PM
8 :30

to
9 :15

Homeroom
Calander
Sharing

Current Events

9 :15
to

10 :00

USSR

Journals
Vocabulary
instruction

DOL

Handwriting
Indiv.conferences
Read USSR book

Read stories to
5th graders

DOL

Handwriting
USSR

Journals
Independent work

10 :00
to

10 :45

Introduce
environment unit.

Read story ;
use DRT A, Web

Editing of stories
Revise

Continue individual
conferences

Write final draft
of story in
computer lab

Author's chair
Wrtiting activity

Author's chair
Set up recycling

in cafeteria

10 :45
to

11 :30

Write story based
on book just read.
Complete rough

draft

Introduce class
project-
drama

Continue class
project

Continue class
project

Complete class
project-

practice skit

Figure 3. Sample of a weekly schedule of morning activities for a whole language classroom using
HyperCard.
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(Expository)

Independent
. Instructional

111 Frustration

Lc)

Word Recognition Oral Comprehension
Figure 4. Sample Intormal Reading Inventory using graphing program.

The students used the schematic web to organize their ideas
for the unit and then used it as the cover page for their units.

Another required assignment for students involved
planning an ideal whole language classroom with a weekly
schedule of activities. HyperCard was used by the students
to develop the schedule of activities for this assignment (see
Figure 3). After a Hypc,Card demonstration by the technol-
ogy member, the students were given time to use the
software and enter information into a practice template.
Then, students entered their weekly schedule information
into a template that was designed specifically for the
assignment. In addition, students used a word processing
program to explain the schedule and give justifications for
the activities they had listed.

Technology was integrated into a graduate level course
in correcting reading difficulties using a graphing program to
document student test results. This graduate class involved
the administration of tests to children by the inservice
teachers that were enrolled in the course. Individual
direction sheets and graph templates for each test were
designed for this activity so students could work on the
assignment independently. After inputting the children's
test results into the graphing program, the test results were
then printed in a bar graph form. The inservice teachers
included the graphs in a case study report that was a
requirement for the class. The graphs included the indepen-
dent, instructional and frustrational level of the students that
the teacher had tested with an Informal Reading Inventory
(see Figure 4).

Conclusion
The mentoring described produced a variety of benefits.

Faculty had the opportunity to collaborate on self-selected
curriculum endeavors consisting of careful review of course

content and analysis of opportunities for technology
integration. The total experience was one of professional
growth for those involved for the process was a valuable as
the product. Faculty experienced targeted course content in
a new dimension as well as anticipating adaptation of the
technology to other courses they were teaching. Both
faculty members grew in confidence concerning technology
and became enthusiastic in their willingness to share their
emerging skills with colleagues. It is important to note that
the members monitored each to remain continually mindful
that the technology was a tool. Often software was rejected
or the implementation scope was modified due to time
constraints or rejected if the use was deemed counterpro-
ductive to course outcomes.

Although the two faculty members became somewhat
adept at troubleshooting problems they encountered, some
problems still occurred during class that were difficult for
them to address on their own. Both professors were
reminded that anything can and will happen when using
technology and have grown to be more flexible when these
situations arise.

As might be expected, other difficulties remained
throughout the semester. Both classes had more students
enrolled than the computer lab could comfortably accommo-
date. Sharing was necessary but not desirable and com-
pounded the already significant time constraints. The
college computer labs were not always available, so
spontaneous use of programs was not an option. Off
campus courses posed other difficulties. Many of the off
campus sites for graduate courses are not equipped with
compatible hardware and software for student access. The
faculty had to accommodate significant variability among
students' computer experience and attitude. The base-
group composition addressed this to some extent, but
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faculty had to continually monitor pacing, explanation and
feedback when implementing and requiring program use.
These difficulties are minor in comparison to the benefits
that have resulted.

Preparing preservice teachers to use computer-related
technologies throughout their professional careers is clearly
a goal at Iowa State University. During the 1992-1993 school
year, faculty were encouraged to collaboratively work at
integrating tedmology in their content courses. Mentoring
groups were formed that worked together to help and
support their use of various computer-related technologies.
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In a recent episode of the cartoon, Calvin and Hobbs,
the precocious Calvin laments, "I am a twentieth century
child locked into a nineteenth century family." His plight is
echoed by many students of the nineties whose professors
are locked into the classroom pedagogy of the seventies.
This anachronistic situation was reflected in the results of a
needs assessr conducted by the Technology Committee
of the College of Education of Clarion University: the
professional staff of the College knew basic fundamentals of
word processing but little else about how technological
applications such as spreadsheets, databases, interactive
video, desktop publishing, CD-ROM, and HyperCard could
facilitate and enhance their professional performance.

Recently, the International Society for Technology in
Education (ISTE) submitted to the National Council for
Accreditation of Teacher Education (NCATE) its recommen-
dations for a set of national accreditation standards for
educational technology. According to ISTE all teachers
should be able to:
(a) evaluate and use computers and other related technolo-

gies to support the educational process;
(b) apply current instructional principles, research, and

appropriate assessment practices to the use of comput-
ers and related technologies;

(c) explore, evaluate, and use computer technology-based
materials;

(d) demonstrate knowledge of uses of computers for
problem solving, data collection, information manage-
ment, communications, presentations, and decision
making;

(d) design and develop student learning activities that
integrate computing and technology for a variety of
student grouping strategies and for diverse student
populations;

(e) evaluate, select, and integrate computer technology-
based instruction in the curriculum of one's subject
area(s) and or grade level(s);

(f) demonstrate knowledge of multimedia, hypermedia, and
telecommunications activities to support instruction;

(g) demonstrate skill in usiag productivity tools for profes-
sional and personal use, including word processing,
database, spreadsheet, and print/graphic utilities;

(h) use computer-based technologies to access information
to enhance personal and professional productivity;

(i) identify resources for staying current in applications of
computing and related technologies in education; and

(j) apply computers and related technologies to facilitate
emerging roles of the learner ancl the educator.

Priorities for Pennsylvania's State System of Higher
Education During the 90s likewise recommends that
"technology should be used in teaching and learning to
increase interaction between faculty and students by
enabling students to master basic information through
interactive computer and/or video technologies rather than
by listening to lectures" (Recommendation 11).

Although having clearly begun to address the ISTE
recommendations and the State System priority, the College
and its regional school district partners have discovered that
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their faculties have a varied background in technology
which hinders the achievement of these goals. Some faculty
have sophisticated skills and knowledge and wish to move
on to even more complex applicationr; other faculty are just
beginning to explore the interaction witii technology and
therefore, need basic information and training. This
variation in background has led the College and its school
partners to place a high priority on faculty development in
technology skills, knowledge and application.

In the Fall of 1991, our College began exploring the
needs of faculty and area teachers in terms of integrating
technology into their professional activities. Faculty
identified outcomes for themselves as well as their students,
in terms of technology competence and applications. In
addition to identifying desirable outcomes, they also
identified the skills and knowledge needed to achieve the
outcomes. Among the identified needs were knowledge and
skill in using hypermedia, interactive video, integrated
software packages, compact disk technology, electronic
networks, and desktop publishing. They also identified the
need to observe fust-hand, model programs effectively using
technology. By addressing these needs, the College faculty
and area teachers felt they could facilitate and enhance their
professional performances.

Assumptions
Two technology-related surveys administered to faculty

in the College as well as discussions with regional school
district partners indicated that university faculty and school
district personnel:
(a) have specific expectations for pre-service/inservice

teachers in regard to the use of technology;
(b) are in serious need of training to improve their own skills

in the use of integrated software packages, interactive
video, hypermedia, desktop publishing and CD-ROM;

(c) want to learn how to integrate technology into the
teaching and learning process;

(d) want to know how schools/agencies are integrating
technology into the curriculum; and

(e) want to be able to assist each other with the integration
into the classroom/setting.

Goals and Objectives
The purpose of this staff development program was to

afford faculty members in the College of Education and
Human Services and regional classroom teachers opportuni-
ties to:
(a) develop an awareness of how technology can facilitate

and enhance their professional performance;
(b) participate in a series of "hands-on" technology related

workshops which focus on integrated software pack-
ages, interactive video, desktop publishing, hypermedia,
andCD-ROM;

(c) participate in a series of "follow-up" sessions which
reinforce and support the application of content learned
in the previously taught workshops; and

(d) explore innovative school programs that effectively
integate technology into the classroom.

The Plan
A proposed sequence of activities was developed to

meet the above stated goals and objectives: an intensive,
concentrated four-day training sequence intended to
increase the technological knowledge and expertise of
faculty of our College and selected faculty from regional
partner schools; and a sequence of four evening follow-up
sessions during which the initial training was reviewed and
applied to current or anticipated instructional applications.
Sessions were designed to have successive sessions build
upon and extend previous experiences, beginning with the
use of basic integrated software packages and advancing
through authoring systems, desktop publishing and the use
of interactive video. The initial intensive training sessions
were scheduled during the first intersession between the end
of the spring semester and the beginning of the first summer
session, a period during whichfaculty and regional educa-
tors were able to commit the necessary time without the
typical demands of the academic year that would preclude
their participation in such an in-depth experience.

In an effort to maximize retention and to stimulate active
integation of educational technology into the instructional
planning and practice of faculty, four follow-up sessions
were conducted paralleling the scheduling of the initial
spring training. During each session, faculty worked
independently and in concert to practice specific skills in an
applied context, in particular, in attempts to integrate
technology into their course content and instructional
practices. Consultants were available to help faculty extend
control over educational technology, for example by
trouble-shooting problems or answering specific questions
regarding implementation of technology. Follow-up
sessions were scheduled on consecutive Wednesday
evenings early in the Fall semester. In addition, faculty and
teachers from the region visited several model programs, in
both K-12 and higher education, where the emphasis was on
effective integration of technology into classroom instruc-
tion and curriculum.

Funding for this project was secured by a State System
of Higher Education of Pennsylvania technology integration
grant written by the College of Education technology
committee. It might be of interest to note that while the
project was funded, one reviewer noted, " I question why
familiarity with technology is not a given in a College of
Education faculty. I believe it should be a natural process of
keeping current in one's field. The technology under
consideration is, for the most part, not particularly difficult

given access, one should easily be able to pick it up."
This attitude that technology will be acquired indepen-
dently, in our view, keeps too many teachers locked in the
seventies classroom.

Results
Through the workshops and site visitations, the faculty

in our College and participants from area schools have:
(a) demonstrated their awareness of technological applica-

tions in their courses;
(b) increased their use of technology in the teaching/

learning process through methods other than lecture;
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(c) increased professional productivity through integration
of technology;

(d) developed a network of professionals in our College and
among local educators;

(e) developed partnerships between higher education and
basic education to increase technology use at both
levels; and

(f) observed technology applications in model academic
programs.

Examples of their new expertise were observed through:
(a) interactive video and CD-ROM applications in Social

Studies methods courses;
(b) student generated data bases in Children's Literature

courses;
(c) the collection and compilation of statistics in Educational

Psychology courses;
(d) the integration of software/ CD-ROM and reading

lessons in the Reading Lab;
ke) HyperCard stacks developed by students;
(f) spreadsheet gading systems; and
(g) eye-appealing handouts, charts, graphs, transparencies

and syllabi for classroom instruction and professional
presentations.

Training programs such as this can move teachers from
the seventies to the nineties; more significantly, they are the
vital keys to unlocking the technological doors to the
twenty-first century.

Dr. Gail F. Grejda is an Associate Professor in the College
of Education and Human Services at Clarion University,
Clarion, PA 16214

Dr. Kathleen A. Smith is Professor and Chair of the College
of Education and Human Services at Clarion University,
Clarion, PA 16214
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The Windows Transition Project involves the transition
from the use of the MS-DOS to MS-Windows operating
system by the Curry School of Education faculty and staff. It
is also an exploration of the utilization of peer support
groups as a learning tool for making the transition. Peer
groups have been successfully employed at the Curry
School for support of other applications such as word
processing and electronic mail.

Problem
The University of Virginia Curry School of Education

has been acquiring increasing numbers of 386 and 486
desktop computers for administrators, faculty, and secretar-
ies. However, the majority of the staff are still using MS-DOS
software and have not yet taken advantage of the MS-
Windows graphical user interface. The Curry School
maintains a local area Ethernet network which provides
access to Novell and Unix servers supported by the school.
The local area network, in turn, is linkea to campus-wide
services and to the Internet. All faculty have either a
Macintosh or an Intel-based (80286, 80386, 80486) desktop
computer linked to the network.

In order to take full advantage of the capabilities of MS-
Windows, native applications for services such as electronic
mail, telnet, Internet File Transfer Protocol (FTP), and related
capabilities were required. These services were dependent
upon installation of appropriate network drivers which
supported TCP/IP. The University computing center was in
the process of reviewing similar issues during the same
period, and determined that campus-wide support would be
based upon Novell LAN Workplace. The Curry School
volunteered to serve as an early adopter, evaluating the
suitability of this solution and associated issues.

The Goal of the Project
The goal of the project was to explore the advantages as

well as the barriers to adoption of the MS-Windows
graphical interface and to develop a recommendation as to
whether this was an appropriate time to make the transition.
(The long-range strategic goals of the Curry School included
support for use of graphical interfaces on both Macintoshes
and Intel-based machines.) By working intensively with a
small number of early adopters, it was hoped that problems
associated with the transition could be identified and
resolved before large numbers of faculty and staff began
using the system.

Many of these problems centered around the technical
issues associated with provision of full network access from
within MS-Windows. Another focus of the transition
analysis team addressed the types of applications which
might best serve as an initial introduction to the MS-
Windows environment. In the case of secretarial staff, word
processing became a central focus with emphasis on
transitioning from MS-DOS WordPerfect 5.1 to Microsoft
Word for Windows 2.0. Since faculty members have.
different priorities for using different Windows software (e.g.
databases, spreadsheets, statistical packages), desktop
presentation software was selected as a beginning point for
faculty efforts.
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WindowsTransition Efforts
One faculty member and one secretary were chosen as

representative staff for the initial transition project. Two
Instructional Technology graduate students worked
independently with each staff member. Instruction in
Microsoft's Word for Windows 2.0 was used to introduce
the Windows gaphical user interface to the secretary. The
faculty member was offered an introduction to Microsoft's
Powerpoint 3.0 presentation software to be used in the
classroom, in the conference hall, and in satellite broadcast
programs. After several sessions of providing one-on-one
tutoring sessions, a learning packet or "Getting Started"
document was developed for both Word for Windows and
Powerpoint for use in future in-service training programs.

Establishment of a Windows Transition
"Focus" Group

Becker (1993, p.32) reports that one factor in the
exemplary use of computers is the development of a "strong
social network of many computer-using teachers who
themselves have gained expertise through extensive
computer experience." In order to capitalize on the use of
such a network, a "focus" group of three computer-using
faculty members was formed. The purpose of the focus
group was
(1) to establish a peer igoup for support of MS-Windows,

and
(2) to provide feedback in planning future staff development

activities.

The three faculty members represented differing levels of
experience. One faculty member with extensive experience
with both Windows and presentation software agreed to
serve as a peer consultant. After an explanation of the
Windt.ws Transition Project and a demonstration of the
possible uses of presentation software to enhance college
level teaching, several recommendations for continued
efforts were established.

Recommendations for Windows
Transitions Efforts

The Windows Transition Project Focus Group made
several recommendations for future staff development
activities:
(1) provide brief training sessions in Microsoft Windows

3.1, Word for Windows, and Powerpoint presentation
software to interested faculty and staff throughout the
Curry School.

(2) provide on-going support for users of MS-Windows
applications and related services such as electronic mail,
telnet, and Internet File Transfer Protocol (1-.1?).

(3) foster and take advantage of collegial social networks
and collaborative learning groups as a means of in-
service training and peer support as an alternative to
independent and separate training groups;

(4) explore the possibility of creating Special Interest Groups
(SIGs) of staff wishing to learn specific software tools
(e.g. Windows' statistical software, spreadsheets,
courseware development);
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(5) explore the development of a special electronic
newsgroup conference on MS-Windows on the Curry
network server which would be monitored daily by
several 'experts' to share ideas and find solutions to
questions posed by Curry faculty and staff.
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The Mathematics Learning Forums Project, funded by
the Annenberg/CPB Math and Science Project, is a collabo-
rative partnership between Bank Street's Graduate School of
Education, the Center for Children and Technology (CCT),
and PBS Learning Link. This project builds upon Bank
Street's expertise in training leaders in mathematics educa-
tion, and a CCT project that investigated using teleconununi-
cations technology as part of the Math Leadership Program.
The Mathematics Learning Forums Project applies the
capabilities of new technologies to solving old problems. It
draws three strands of work together in a new way to
address the challenge of improving mathematics instruction
in our schools. The first strand is the field of mathematics
instruction itself, where the need for sweeping reform is now
well documented in The National Council of Teachers of
Mathematics' [NCTM] Curriculum and Evaluation
Standards for School Mathematics, and Professional
Standards for Teaching Mathematics, and elsewhere. The
NCTM Standards present a framework for reform that is the
product of three years of research, planning, and consensus-
building by NCTM's Commission on Standards for School
Mathematics. The second strand is the use of telecommuni-
cations and video technologies as highly effective tools for
professional development. The third is Bank Street's unique
model of teacher education.

At the heart of a Bank Street graduate education is the
advisement process. Advisement is designed as a multifac-
eted process which enables students to integrate the study
of theory with practice in a reflective and self-conscious
fashion. Each student works with a faculty advisor and a
small group of students (from six to eight) in a number of
different ways, one of which involves weekly conference
group meetings in which students collaborate on under-
standing the challenging issues that face them as educators
in their field placements. The process encourages students
to develop personal knowledge that is connected to their
educational practice, and to issues in educational research
andreform.

The goal of the Mathematics Learning Forum's project is
to expand the Bank Street advisement model through the use
of telecommunications seminars designed to engage
teachers (grades K-8) in reflective and instructive conversa-
tions about content, learning, teaching, and assessment
issues in mathematics. Each Learning Forum consists of an
eight week on-line seminar on a specific topic (e.g., estima-
tion, cooperative problem solving, engaged learning,
focused observations), involving a group of teachers (8-10)
from different schools and different regions of the country.
PBS Learning Link is providing the infrastructure and
technical support that make the on-line seminars possible,
and in the early phases of the project participants in the
Learning Forums will be drawn from the more than 20,000
educators that use the Learning Link network.

Teachers will have the option to participate in each
Learning Forum on a subscription basis for graduate or
inservice credit, or for personal enrichment from Bank Street
College of Education. Currently the cost of a Forum to PBS
Learning Link subscribers' is $480 for graduate credit, $200
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for inservice credit; and $150 for personal enrichment.2
After registering for the Forum a teacher will receive a set of
video-based materials and curriculum questions and
activities which comprise the shared content of the sennnar.
Each Forum will be hosted on-line by a faculty advisor who
will initiate and provide reflective advice and instruction
around the weekly activities.

The project began in July 1993. The first year involves
ongoing research and development, in which sixteen forums
are being created. We are currently designing activities;
selecting, editing, and occasionally shooting video materi-
als; refining the overall structure and format of each forum;
and conducting formative studies to aid in the design and
development process. In September 1994, we will begin the
first nationwide implementation of the Learning Forums, with
each forum being offered twice during the academic year.
Research will be conducted that will enable us to make
revisions in the forums and aid us in developing guidelines
for training additional on-line advisors. Beginning in .
September 1995, the sixteen revised forums will be offered
again and with more frequency, and eight new forums will be
created. The revenues that are generated from the forums
will be used to develop new forum materials and to ensure
the project's continuation beyond the duration of the three
year grant.

Bank Street's Mathematics Leadership
Program

The Mathematics Learning Forums project builds on
Bank Street College's expertise as an educator of elementary
and middle school teachers in the area of mathematics. For
the past ten years Bank Street has run a master's degree
inservice program for teachers who wish to become effective
mathematics leaders in their schools. The Mathematics
Leadership Program is based on the approaches outlined in
Everybody Counts and the NCTM's Curriculum and
Evaluation Standard; for School Mathematics, and is
designed to genuinely integrate the NCTM Standards into
the curriculum. It educates experienced teachers who do not
necessarily have a strong foundation in mathematics to
become leaders in mathematics education. The program
integrates three themes: 1) increasing mathematical knowl-
edge; 2) building skills as a staff developer and leader; and
3) learning appropriate methodologies for teaching math-
ematics in a technological society in which it is increasingly
important to meet the needs of under-represented popula-
tions. Teachers deal with such topics as school change
processes, involving teachers in the change process, and
understanding the different needs of diverse populations of
students. In each of three summers, the mathematics leaders
take courses at Bank Street. During the academic year, they
focus on improving mathematics teaching in their schools.
Graduate faculty provide ongoing support; the teacher
leaders, in turn, work with their colleagues to design and
teach mathematics curriculum.

In general, the Bank Street tpproach to teacher educa-
tion supports du, ii developing reflective practices.
It has conceptual parallels with current research on teacher

cognition, which finds that good teachers should be
reflective, thoughtful, decision makers and professionals
whose plans are influenced by their theories and belief
systems and have real consequences in the classroom
(Carpenter & Fennema, 1988, 1991; Clark & Peterson, 1986;
Lampert, 1985, 1986, 1988, 1991). The Bank Street approach
is also consistent with recent attempts to link mathematics
assessments to cognitive theories of students' beliefs about
mathematics (Nicholls, Cobb, Yackel, Wood, & Wheatley,
1990), their reasoning about quantitative situations
(McKnight, 1990), and their organization of problem-solving
knowledge (Marshall, 1990).

When used in the Mathematics Leadership Program, this
approach supports the creation of mathematics communities
where mathematics functions as an interactive as well as an
individual constructive activity (Bauersfeld, 1980; Cobb,
1990; Caffrey, 1987; Steffe, 1987; Yackel, Cobb, Wood,
Wheatley & Merkel, 1990). Engaging in learning as a social
activity, Bank Street math leadership students receive
feedback on and challenges to newly formed ideas that
encourage them to better conceptualize and communicate
their thoughts. Opportunities to construct mathematical
knowledge thereby come from attempts to resolve conflict-
ing points of view (Perret-Clermont, 1980), to reconstruct and
verbalize a mathematics idea or solution (Levina, 1981), and
to construct a community of learners within which to
coordinate mathematical activity with that of others. In this
setting, teachers are indeed "taught in a manner similar to
how they teach" (NCTM, 1989). They, like their students,
learn in a setting whose goal is "taken as shared meanings"
agreed upon by the people in a classroom, a process of both
acculturation and individual construction (Cobb, Wood,
Yacke1,1991).

Telecommunications and the
Mathematics Leadership Program

During the 1992 - 93 academic year, researchers at the
Center for Children and Technology, the graduate faculty,
and a group of first-year teachers in the Mathematics
Leadership Program experimented with the role that telecom-
munications technology can play in helping teachers to
reflect upon, conceptualize, and construct the mathematical
ideas and processes that are at the core of this program.
Eighteen first-year graduate students and six faculty were
given laptop computers. They were also given 2400 baud
modems and software Microsoft Works and accounts
on WNET's Learning Link. Learning Link set up an on-line
forum for this project The Bank Street Math Leaders'
Forum that contained a bulletin board for posting
messages, a discussion center for conversation on different
topics, and a file library for curricula. The Forum was open
only to members of the Mathematics Leadership Program,
and required that members use a password to gain access to
it. Graduate students and faculty were also able to make use
of Learning Link's private e-mail capabilities.

In this small-scale experiment, the telecommunications
technology was seen as a way to continue, facilitate, and
support the work teachers had begun during the summer
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semester. In order to explore the effectiveness of the
network for the graduate students and faculty involved,
CCT researchers tabulated the number of messages posted
in the discussion center or on the bulletin board, or sent as
private e-mail to the project coottlinator, and analyzed the
issues and themes that emerged in the faculty-teacher
discussions (Honey & Hupert, 1992).

The findings suggest that ogee the teachers and faculty
reach a certain comfort level with the telecommunications
technology they can go on to have a range of substantive
conversations about issues that are at stake in their teaching
and learning. Teachers began to use the Forum to discuss
particular mathematical problems that they were struggling
with in their teaching, and to gather substantive, content-
based information. Teachers also used the Forum to post
queries and share information about interesting problem-
based activities that they could do with their students.

The findings from this research suggest that telecommu-
nications activities can be used as highly effective inservice
tools for teachers who are working on implementing a set of
shared ideas and practices. This research corroborates other
studies that have found that ease of access coupled with
common goals and activities are factors that are critical to
the success of telecommunications projects ( Honey &
Henriquez, 1993; Levin, Kim, & Riel, 1988; Levin, Rogers,
Waugh, &Smith, 1989; Riel, 1985, 1987; Riel &Levin, 1990;
Ruopp, Gal, Drayton &Pfister, 1993; Weir, 1992; Weir,
Krensky, & Gal, 1990; Watts, 1992). Research carried out in
relation to the TERC Star Schools project (Weir, 1992)
confirms that "network exchanges present a prime opportu-
nity for collaboration among teachers. In principle, teachers
join a cominunity of learners, where the network becomes a
framework for cooperative learning and the scaffolding for
teacher learning. The network serves as a forum to share
exper.ise, to try out new ideas, to reflect on practices, and to
develop new curricula" (p. 5).

Telecommunications overcomes a number of obstacles
to pmfessional development that beset the working lives of
teachers. Their working day is structured and highly
scheduled, leaving little or no time for non-teaching or non-
administrative tasks, and few if any opportunities to attend
meetings or classes on a regular basis. In addition, they
have limited opportunities to interact in an ongoing,
collaborative fashion with their colleagues in other schools
whose different experiences and perspectives can add
valuable new dimensions to problem-solving. Finally,
telecommunications provides a cost-effective means for
delivering "personalized" inservice instruction to large
numbers of teachers in different places. Specific telecommu-
nications projects have aimed at providing support to
beginning teachers (Merseth, 1989; Beals, 1990), and others

have focused on efforts to reduce teacher isolation and

serve as vehicles for staffdevelopment (Katz, McSwiney &
Stroud, 1987; Katz, Inghilleri, McS winey, Sayers, & Stroud,

1989; Ruopp, Gal, Drayton & Pfister, 1993;Watts, 1992).

These have been largely open-ended, informal, and
unstructured projects without formal incentives for participa-

tion. To date, there have been no telecommunications

projects designed to deliver inservice instruction to teachers
in the form of short, focused seminars with structured
activities, clear goals, and real incentives for participation
(Hawkins,1991).

The Mathematics Learning Forums
The Mathematics Learning Forums project builds upon

the academic foundations of the Mathematics Leadership
Program and the lessons learned in conjunction with its
inservice telecommunications component. The focus of the
Learning Forums project is on providing inservice instruc-
tion to K-8 teachers in order to help them to implement
practices in their own classrooms that are consistent with the
goals, envisioned by the NCTM and others, of improving
mathematics instruction. Specifically, using the NCTM
Standards as a framework, the Forums assist teachers in
rethinking and reconstructing their ideas about mathematics
in four major areas:

content (what counts as mathematics)
teaehing (how one teaches mathematics)
learning (how each of us learns, or constructs knowl-
edge-based on
personal style, culture, prior experience, modality
strengths, & preferences, what counts as evidence of
mathematical thinking)
assessment (how we interpret and evaluate what is going
on)

Video and Classroom Activities
The materials that serve as the centerpiece of each

Learning Forum include both video and print. Video is a
powerful tool for modeling, demonstrating, and exemplifying
teaching practices and techniques as well as for detecting
and analyzing learning processes of students in the context
of the dynamic classroom environment. Videotape can
enable the view, to attend selectively and repeatedly to
specific events, group dynamics, individual responses, and
nuances of behavior exhibited by all participants. Events
and interactions can be examined repeatedly, enabling
different interpretations and provoking discussion about
teaching and learning that is not possible when events are
simply recounted. Video materials used in the Forums
consists of excerpts of existing video footage from real
classrooms and learning settings, and video excerpts are
selected to exemplify or model particular techniques,
concepts, and activities specific to the topic of the Forum.

The role of the video is two-fold. First, video images are
intended to serve as a common "text" for each Forum
participant, and will portray the issue at hand in a lively and
compelling way. Teachers are able to see other practitioners
implement with varying degrees of success a range of
mathematically-based practices. Second, and perhaps more
importantly, the video serves as a backdrop against which
participants will represent their practices, students, and
classrooms to other practitioners and the faculty advisor.
Building an understanding of each other practices is
important to both the group dynamic and the advisor.
Without an understanding of who forum participants are the
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advisor will not be able to do her/his job effectively, and the
evolution of the forum as a reflective and constructive
community will be impaired.

Each video is accompanied by print based materials that
consist of activities that participating teachers are respon-
sible for trying out with their students, and questions that
guide their reflective on-line conversations. The activities
are designed to be flexible so that teachers can interpret and
implement them in ways that make sense for their students
and classrooms. We see flexibility as an important ingredi-
ent in the design of all forum activities. While the mathemat-
ics reform community holds a vision of what teaching and
learning should look like, the reality of the ways in which
this vision is put into practice in classroom settings will vary
enormously. We wish to support teachers in the process of
becoming reflective practitioners and learners within their
own communities, and we want to be able to acknowledge
and support the many ways in which this can be realized.

Telecommunications as a Tool for
Professional Development

The advantage of using a telecommunications network
to carry out the Mathematics Learning Forums Project is not
only its ability to provide services to large numbers of
teachers across the country, but its capacity to bring
together new communities of learners in a reflective and
constructive fashion. Inservice instruction is not merely
about the dissemination of information, but is a pro=s that
involves thoughtful and reflective conversation about a
range of issues. The Learning Forums project is intended to
provide teachers with an opportunity to reflect on their
current practices and to work on transforming these
practices in ways that make sense given both the possibili-
ties and limits of their own classroom setdngs.

There are three important features that are operative in
this project and that we believe are necessary if telecommu-
nications is to be used much more broadly as a vehicle for
the professional development of educators. First, the
Forums are intended to fir into teachers' daily routines with
the least possible disruption to their already busy lives, and
they offer real incentives for participation in the form of
graduate or inservice credit. The fact that each Forum will
run for an eight-week period means that teachers can
complete the course within a manageable time frame, while
successfully fulfilling requirements for continuing certifica-
tion or professional advancement. Second, teachers are able
to integrate the work of the Forum directly into their
classroom practices and receive reflective and instructive
feedback on their efforts. The activities that teachers try out
with their students are flexibly designed so that teachers can
interpret and implement them according to their own and
their students needs. Forum advisors are available to offer
constructive guidance throughout the eight weeks. Third.
the Forums provide content that build.s on existing reform
efforts in this case the NCTM Standards. The instruc-
tional focus of the Forums, thus meets administrators' and
district curriculum coordinators' needs to supply training in
helping teaching faculty rethink and redo their mathematical
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practices. It is our hope that this combination of features of
the Learning Forums project will not only result in success,
but will serve to stimulate the development of additional
telecommunications-based professional activities for K-12
educators that meet the needs of our nation's many
committed practitioners.

' PBS Learning Link is currently available in 25 sites
across the country. In many of these sites the service is
offered free of charge to educators, and in many others it is
available at a nominal subscription rate. Information is
available, upon request, about the location of Learning Link
sites and subscription costs.

2 Prices are subject to change overtime.

References
Bauersfeld, H. (1980). Hidden dimensions in the so-called reality

of a mathematics classroom. Educational Studies in Mathemat-
ics, 11, 23-41.

Beals. D.E. (1990). Computer networks as a new database.
Harvard Graduate School of Education, Cambridge, MA.

Carpenter. T.P., & Fennema, E. (1988). Research and cognitively
guided instruction. Madison, WI: National Center for Research
in Mathematical Sciences Education.

Carpenter, T.P.. & Fennema, E. (1991). Research and cognitively
guided instruction, In Fennema, E., Carpenter, T.P., & Lamon,
S.J. (Eds.). Integrating research on teaching and learning
mathematics. Albany, NY: State University of New York
Press.

Clark, C.M., & Peterson, T.P. (1986). Teachers' thought
processes. In M.C. Wittrock (Ed.), Handbook of research on
teaching (3rd ed., pp. 255-296). New York: Macmillan.

Cobb, P., Wood, T., & Yackel, E. (1991). Learning through
problem solving: A constructivist approach to second grade
mathematics. In E. von Glasersfeld (Ed.), Constructivism in
mathematics education. Dordrecht, Holland: Reidel.

Cobb, P. (1990). A constructivist perspective on information-
processing theories of mathematics education. International
Journal of Educational Research, 14, 67-92.

Cobb, P. & Steffe, L.P. (1983, March). The constructivist
researcher as model builder. Journal for Research in Math-
ematics Education, v.14,11.2. 83-94.

Confrey, Jere (1987). The current state of constructivist thought in
mathematics education. Paper presented at the annual meeting
of the International Group for Psychology of Mathematics
Education, Montreal.

Hawkins. J. (1991). Technology-mcdiated communities for
learning: Designs and consequences. Annals, AAPSS, 514,
159-174.

Hiebett. J. (Ed. ) (1986). Conceptual and Procedural Knowledge:
The Case of Mathematics. Hillsdale, NJ: Lawrence Erlbaum
Associates.

Honey. M. & Henriquez, A. (1993). Telecommunications and K-
12 Educators: Findings from a National Survey. Center for
Technology in Education. Bank Street College. New York,
NY.

Technology Diffusion 787



Jd

Honey, M. & Hupert, N. (1992). Laptops for Educators:
Incorporating portable technology and telecommunications
into a teacher training program. Paper presented at the
SocietyforTethiologyarrreacheratratimHouston,Texas.

Katz, M.M., McSwiney, E.. & Stroud, K. (1987). Facilitating
collegial exchange among science teachers: An experiment in
computer-based conferencing. Cambridge, MA: Harvard
Graduate School of Education. Educational Technology Center.

Katz, M.M., Inghilleri, M., McSwiney, E., Sayers, D., & Stroud,
K. (1989). Talking about teaching by writing: The use of
computer-based conferencing for collegial exchange among
teachers. Cambridge, MA: Harvard Graduate School of
Education, Educational Technology Center.

Lampert, M. (1985). How do teachers manage to teach? Harvard
FAuxational Review, 55, 178-194.

Lampert, M. (1986). Knowing, doing, and teaching mathematics.
Cognition and Instruction, 3:4, 305-342.

Lampert, M. (1988). The teacher's role in reinventing the
meaning of mathematical ;mowing in the classroom. Paper
presented for Psychology of Mathematics Education - North
America Conference, DeKalb, Illinois.

Lampert, M. (1991). Connecting Mathematical Teaching and
Learning. In Fennema, E., Carpenter, T.P. and Lamon, Si.
(Eds.) Integrating research on teaching and learning
mathematics. Albany: New York: State University of New
York Press.

Levin, J., Rogers, A., Waugh, M. & Smith, K. (1989). Observa-
tions on educational electronic networks: The importance of
appropriate activities for learning. The Computing Teacher, in
press [in 1989].

Levin, J., Kim, H., & Riel, M. (1988). Instructional interactions on
electronic message networks. Paper presented at the meeting
of the American Educational Research Association, New
Orleans, LA.

Levina, R.E. (1981). L.S. Vygotsky's idea about the planning
function of speech in children. In J.V. Wertsch (Ed.), The
concept of activity in Soviet psychology. Annony, NY: Sharpe.
279-299.

Marshall, S.P. (1990). The assessment of schema knowledge for
arithmetic story problems: A cognitive science perspective. In
G. Kulm (Ed.), Assessing higher order thinking in mathematics
(pp. 155-168). Washington, DC: American Association for
the Advancement of Science.

Merseth, K.K. (1989). The beginning teacher computer network:
Supporting beginning teachers electronically. Paper presented
at the annual meetings of the American Association of Colleges
for Teacher Education. Anaheim, CA.

McKnight, C.C. (1990). Critical evaluation of quantitative
arguments. In G. Kulm (Ed.), Assessing higher order thinking
in mathematics (pp. 155-168). Washington, DC: American
Association for the Advancement of Science.

National Council of Teachers of Mathematics (1989). Curriculum
and evaluation standards for school mathematics. Reston,
VA: NCTM.

National Council of Teachers of Mathematics (1990). Teaching
and learning mathematics in the 1990s: 1990 Yearbook. T.J.
Cooney and C. Hirsch (Eds.), Reston, VA: NCTM.

National Council of Teachers of Mathematics (1991). Profes-
sional standards for teaching mathematics. Reston, VA:
NCTM.

National Research Council (1989). Everybody counts: A report to
the nation on the future of mathematics education. Washington,
D.C.: National Academy Press.

Nicholls, J.G., Cobb, P., Yackel, E., Wood, T., & Wheatley. G.
(1990). Students' theories about mathematics and their
mathematical knowledge: Multiple dimensions of assessment.
In G. Kulm (Ed.), Assessing higher order thinking in math-
ematics (pp. 155-168). Washington, DC: American Associa-
tion for the Advancement of Science.

Perret-Clermont, A.N. (1980). Social interaction and cognitive
development in children. New York: Academic Press.

Riel, M. & Levin, J.A. (1990). Building electronic communities:
Success and failure in computer networking. Instructional
science, 19, 145-169.

Riel, M. (1985). The computer chronicles newswire: A functional
learning environment for acquiring literacy skills. Journal of
F-ducational Computing Research, 1(3), 317-337.

Riel, M. (1987). The InterCultural Learning Network. Comput-
ing Teacher, 14(7), 27-30.

Ruopp, R., Gal, S., Drayton, B., Pfister, M. (1993). LabNet:
Toward a community of practice. Hillsdale, NJ: Lawrence
Erlbaum Associates.

Steffe, L.P. (1987, April). Principles of mathematical curriculum
design in early childhood teachers education. Paper presented
at the annual meeting of the American Educational Research
Association, Washington, D.C.

Watts, G. (1992). Electronic networking and the construction of
professional knowledge. Phi Delta Kappan, May, 1992.

Weir, S., Krensky, L., & Gal, S. (1990). Final Report of the TERC
Star Schools Project (NSF Grants #MDR-8954749).
Cambridge, MA: TERC.

Weir, S. (1992). Electronic communities of learners: Fa.ct or
fiction. Working paper 3-92. Cambridge, MA: TERC.

Yackel, E., Cobb, P., Wood, T., Wheatley, G., & Merkel, G.
(1990). The importance of social interaction in children's
construction of mathematical knowledge. Teaching and
Learning Mathematics in the 1990s: 1990 Yearbook. T.J.
Cooney and C. Hirsch (Eds.). Reston, VA: NCTM.

Margaret Honey is with the Center for Children and
Technology, Education Development Center, 96 Morton
Street, New York NY 10014. e-mail:
mhoney@ralphbunche.rbs.edu or mhoney@edc.org

788 - Technology and Teacher Education Annual - 1994

815



4'

410

High-tech, High-touch
Initiatives at a Traditional

Teacher Preparation
Institute

Dale Y. Hoskisson
Valley City State University

Dan Pullen
Center for Innovation in

Instruction
Valley City State University

Gary Thompson
Valley City State University

816

In 1989, the North Dakota State Legislature mandated a
state-wide system of higher education. In response to this
mandate the State Board of Higher Education challenged
each institution to define its unique strengths within the
system.

The faculty and administration at VCSU described their
strength as being a premier institute for teacher education
with an emphasis in technology applications to instruction.
This proposal reflected not only our historic and constitu-
tionally mandated mission of teacher education, but also a
recognition of the increasing role of technology in the
delivery of instruction and explained why VCSU was well
suited for assuming a leadership role in this area.

February 1, 1990 The State Board of Higher Education
approved the mission of VCSU to assume a leadership role
in teacher education by directing us to develop a special
emphasis in instructional technology.

Technology and Training
The first theme involves the acquisition of technology

and training faculty and students in its use. Many of the
methods classes are phasing in a computer component as
part of the curriculum. Most of the English composition
classes are taught in one of the five computer labs.

In the effort to develop this mission at VCSU, three goals
soon became clear:
1. All graduates of teaching programs will receive instruc-

tion and significant experience teaching in a multi-
classroom environment supported by telecommunica-
tions and computers.

2. All graduates of teaching programs will receive signifi-
cant comprehensive instruction and experience with
computers in the classroom environment as related to
their academic discipline. This goal reaches beyond mere
literacy to include skills such as classroom management
using computers.

3. All graduates of teaching and other programs will
experience an education that by example will demonstrate
the advantages of computer-enhanced instruction in all
its diversity. Thus every instructor on campus will have
ready access to multimedia teaching stations and
necessary software for effective use in all classes.

One of the first classes to change was the Educational
Technology class. The class was reorganized to take
advantage of information technologies in the computer labs
and the distance education laboratory installed in 1990. In
the Macintosh lab the students learn to use a word proces-
sor, graphics program, scanning. sound editing and
HyperCard. A third of the semester is spent in the lab
creating projects.

Two adjoining rooms are used for the distance education
lab. An interactive video system connects the two rooms.
The lab closely resembles the actual eleven studios of the
North Dakota University System in set-up and equipment
operation. All teacher education students are given the
opportunity to give a presentation over the closed circuit
system. They get experience in creating visual materials and
in planning lessons suitable for video format.
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Concerns
It has been easy to introduce technology into classes

such as the English Composition and Educational Technol-
ogy. The instructors saw the obvious advantages of doing
so. However, there were and still are obstacles to spreading
the technology into other classes. The two major obstacles
were a lack of equipment and experience with computers.
Fewer than half of the faculty had computers in their offices
in 1989. The lack of equipment was solved through con-
certed efforts and creative financing from the administration.
By the fall of 1993 all faculty had computers on their desks.
There were also ten multimedia carts with stereo monitors,
laser disc players, CD-ROM drives, and sound mixers that
could be connected to any of the computer platforms, and a
multimedia production station. With five computer labs on
campus the computer/student ratio is better than one to
nine.

Training the faculty to use the technology was a more
difficult obsticle to overcome and remains a problem today.
In 1991 a full time position was created for academic
computing support. At that time administration set aside one
day a semester for faculty technology training. These steps
helped but were insufficient to bring all the faculty up to the
point of using technology in the classroom. The technology
days were discontinued in the fall of 1993. A new workshop
format was tried. The first one was on using e-mail. The
faculty enjoyed this change but since only half of the
campus was networked at the time, it was difficult for many
to make use of it. The most effective method of training we
have found thus far is through peer tutors.

Other problems dealt with the appropriateness of
technology. The faculty felt that one of the strengths of the
school was the amount of personal contact with students.
Students did not come here and get lost. The school was a
personalized institution. Some faculty members questioned
the new mission and the importance of technology in the
classroom. Many faculty members worried that the empha-
sis on technology would deteriorate the personal atmosphere
and might lead to less humane classrooms. When the Center
for Innovation in Instruction committee was initially formed
and looking for a name, there was a lively discussion about
the use of technology in the title. They finally settled on the
simple name Center for Innovation in Instruction and
avoided any use of technology. Some of these concerns are
still being expressed today.

A Major and Minor in Instructional
Technology

The committee for the Center for Innovation in Instruc-
tion also decided that another way to fill the new mission
was to have a major and minor in Instructional Technology.
The administration agreed and in the 92-93 school year the
committee began to gather information about the need and
feasibility for such a program. They found that only four
new courses would need to be added to the curriculum to
form the course work for the major and minor. They then did
a survey of 610 high school seniors and undergraduate
students to determine what level of interest existed among

the potential students. The results were encouraging. Over
35% said they were somewhat or strongly interested in
pursuing a major in Instructional technology even though it
would be a double major (it is expected that all Instructional
Technology majors and minors will also have a teaching
certificate) and could require an extra semester or summer
session. Forty-five percent said they would be interested in
a minor. The committee also surveyed approximately 50
superintendents in the region and the North Dakota
Department of Public Instruction. The superintendents were
given a copy of th e. pit posed course work and asked to
respond to the need Tor such a program and how it would
affect their decision to hire a graduate with one of the
technology degrees. The results were again positive. With
few exceptions the superintendents said there was a definite
need and that they would be highly likely to hire such a
teacher.

Armed with this and copies of job announcements for
positions for the type of individual similar to what the
degrees would be producing, the committee prepared a
request for the new programs. The administration submitted
the request in the Spring of 1993 and it was accepted by the
Board of Higher Education. Students will be able to enroll in
the programs starting in the fall semester of 1994.

Total Quality Learning
The third theme is the development of a total quality

learning culture throughout the entire North Dakota
University System (NDUS) starting at VCSU and Mayville
State University (MaSU). NDUS proposes to recast the
traditional undergraduate education mold. VCSU and MaSU
were singled out to be the leaders because in 1992 the two
universities started a joint venture of sharing a president,
provost and other administrative officers. They were thus
already creating an innovative environment Also the Board
of Higher Education felt that this cultural shift was a natural
complement to VCSU's technology mission.

To accomplish this goal, NDUS and VCSU submitted a
proposal for a grant from the Funds for the Improvement of
Post Secondary Education (FIPSE) program. Their proposal
was successful and work on the grant began in the summer
of 1993. A coordinator for the grant was hired along with an
assistant who is also a student. The grant provides for the
development of an Innovation Leadership Team (ILT). The
team has been formed and is composed of students, faculty
and staff from both campuses. The 1LT is charged with
creating a culture of innovation, development, and continu-
ous improvement in the teaching and learning processes.
The ILT is be a catalyst on both campuses in the develop-
ment of quality innovations and in identifying obstacles to
improvements. The team is studying internal structural
changes that are needed to create a campus climate that is
permission-granting and empowering rather than prescrip-
tive and restrictive.

The NDUS Chancellor has established an NDUS
Foundation Board which includes representatives from
business and industry. The Board will help support the
FIPSE initiative and provide input into the development of
the innovations. They are being included because they will
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be the future employers of many of our students. The Board
is a vital link in the improvement process.

The project is designed for a three-year period beginning
with the 1993-1994 academic year. During the initial year the
efforts will concentrate on Valley City State University and
Mayville State University During the years that follow,
faculty participants will be selected from the remaining
NDUS campuses. As the project progresses, activities will
be developed to encourage interaction among faculty across
the system.

Some of the difficulties that the team faces are inherent in
developing a collaborative program between two separate
institutions who were formerly rivals in many ways. To this
point collaboration has not been a serious problem. The
schools are both strong teacher education institutes and
faculty members have cooperated on other projects before.
Most of the problems for collaboration are organizational.
Other difficulties are faculty perceptions that this initiative is
just another fad and will come and go with no lasting
improvement of education. Others are concerned that there
may not be jobs for graduates of a school that makes its
students partners in the educational enterprise. These are
difficulties that will not go away easily

The Center for Innovation in Instruction
The Center idea was pursued further beginning in the

Spring of 1993 when a group of 44 North Dakota school
districts known as the Southeast North Dakota Telecommu-
nications Consortium (SEND), in cooperation with Valley
City State University, wrote a response to a request for
proposals from the North Dakota Educational Telecommuni-
cations Council (ND ETC). The NTN ETC sought specifically
to fund proposals that include a cop rehensive way to train
educators throughout the state in a anner that supports,
supplements. collaborates, and/or cooperates with the K-12
educational technology mission charged to Valley City State
University, the K-12 and Higher Education Computer
Network services provided by SENDIT (public school state
wide computer network) and ODIN (North Dakota on-line
library service), and/or the K-12 services provided by Prairie
Public Television and the various interactive television
clusters.

The Center partnership. including VCSU and the original
44 school districts, with the support of the State Board for
Vocational Education, State University Chancellor's Office
and State Department of Public Instruction, received start-up
funds from the North Dakota Educational Telecommunica-
tions Council to establish the Center for Innovation in
Instruction on the campus of Valley City State University.
Matching funds for developing the Center came from the
State University System.

During the current school year, 1993-94, the Center for
Innovation in Instruction is developing and testing its
services with the 44 SEND schools, while seeking input from
teacher educators, K-12 educators, and technology leaders
throughout the state. Beginning in September. 1994, the
Center will begin offering services and training to all schools
in North Dakota. The development plan for the Center calls
for assessment of customer needs, service development,

testing, implementation, evaluation, improvement, and
service expansion.

Based on the results of the test-group needs assess-
ments, the following services are expected to be developed:

Workshops to meet the needs of teachers and adminis-
trators
Newsletters and publications
Organization and support of technology educator
learning groups
Research to describe current practices, validate innova-
tions and assess effectiveness
Hardware preview center for educators to test equipment
before purchase
Planning assistance, preparing educators for change
Product development to meet needs not filled by existing
commercial ventures
Software evaluation and preview library
Licensing and legal assistance to aid educators in
maintaining appropriate use of software and video
Technology Leadership Institute designed for technol-
ogy coordinators, principals and superintendents
Brokerage of external services that firms or individuals
direct toward schools
Close cooperation with VCSU and MaSU in the total
quality learning changes in the teacher education
courses.

Conclusion
All of these changes are ongoing; some of them are just

beginning. We anticipate that the direction we are heading
now will not be the final destination. The underpinning goal
is to create a culture where change is encouraged and
examined carefully for its impact on the learner. We (the
authors) are continuously working on documenting the
processes involved and the results of the changes. We will
be happy to share the information with interested col-
leagues.
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Several K-12 educational technology consortia have
been established in Virginia. Two, the Consortium for
Interactive Instruction (CII) and the Educational Technology
Consortium (ETC) are affiliated with public television
stations (WHRO in Norfolk and WCVE in Richmond,
respectively). A third educational technology consortium,
Novatec, is comprised of a consortium of school divisions in
Northern Virginia

The Curry School of Education is in the process of
exploring the establishment of a University-Public School
Educational Technology Consortium. This consortium
would be loosely modeled upon the existing educational
technology consortia and would build upon a history of
informal collaborative partnerships between the Curry
School and surrounding school divisions which are already
in place.

Past successful University-Public School collaborations
have included Teacher-LINK, a K-12 networking project
which eventually led to the establishment of a statewide K-
12 Internet network in Virginia. More recently the Curry
School and a local school division have agreed to jointly
share the cost of an educational technology facilitator who
is coordinating an array of collaborative efforts between
preservice teachers enrolled in educational technology
courses and classroom teachers in the process of integrating
educational technologies into their curricula.

In formative discussions, participants from the Curry
School and instructional technology branches of local
school divisions have agreed upon adoption of the title of
"Monticello Regional Technology Consortium" (due to the
close association of Jefferson's home with this area of
Virginia, and because ofJefferson's life-long interest in
adoption of innovative technologies). In initial meetings
some of the suggested goals for the consortium have
included:

development of a regional educational technology
newsletter
establishment of a software preview center
creation of a speaker bureau
development of shared instructional technology class-
rooms
generation of a regional calendar of technology-related
events
development of an annual technology conference

More generally, it is hoped that collaboration among K-
12 schools and schools and colleges of education can result
in important synergies for each. Teachers often teach in the
same way in which they were taught. For that reason, it is
important for teacher education students entering the
classrooms for the first time to encounter classroom teachers
who effectively model successful uses of instructional
technologies. It is therefore to the advantage of schools of
education to assist nearby K-12 schools with technology
infusion efforts. At the same time, such collaborative efforts
can serve as laboratories which make it possible to determine
which emerging technologies can be successfully employed
in real-world classrooms. This information, in turn, may
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shape instructional technology goals in the preservice
teacher education curriculum.

Mary Dietz, the current president of the Association of
Colleges of Teacher Education (ACTE), has suggested that
K-12 schools and colleges of education must "simulta-
neously reinvent themselves." Collaborative partnerships
offer the opportunity to do precisely that.

The effect of the consortium on technology integration
within the school of education has not yet been reviewed.
The Monticello Regional Technology Consortium is striving
for effective means through which technology can he
integrated into traditional classroom practice in ways that
enhance learning and instruction.

Karen Bai le is in the Instructional Technology Department
at the Curry School of Education of the University of
Virginia, 405 Emmet Street, Charlottesville, Virginia
22903. e-mail: kmb7u@virginia.edu
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In 1993, the University of Houston began developing a
consortium of four area universities, eight Professional
Development and Technology Schools, and local educa-
tional service agencies. The primary goal of the consortium
was to prepare teachers for urban, multicultural classrooms.
Funded by a grant from the Texas Education Agency, the
multi-year project known as The Houston Consortium of
Urban Professional Development and Technology Schools,
seeks to attenuate several persistent problems in teacher
education by training teachers who are both sensitive to the
needs of an urban, low socio-economic status, and culturally
diverse population, and who are capable of integrating
technology into their instruction. This paper outlines some
of the activities involved in implementing the Consortium
program during the first year of operation.

Organization of the Consortium
The Consortium includes four major Houston area

universities which certify teachers: Houston Baptist
University (HBU), Texas Southern University (TSU),
University of Houston (UH), and University of St. Thomas
(UST); three large school districts, which collectively
educate more than a quarter of a million students: Houston
Independent School District (HISD), Spring Branch
Independent School District (SBISD), and Alief Indepen-
dent School District (AISD). The consortium also includes
two regional educational support centers, Region IV
Education Service Center and Harris County Department of
Education. These two agencies serve more than 24 urban
and mid-urban school districts.

In the first year the Houston Consortium includes eight
Professional Development and Technology Schools
(PDTSs): seven elementary schools and one middle school.
The Consortium PDTSs employ 647 staff members who
serve a culturally, ethnically, and economically diverse,
urban student population of 5,481 youngsters. Plans call for
adding six more PDTSs in the second year of the project
(two high schools, two middle schools, and two elementary
schools).

After many meetings, discussion groups, and planning
sessions that involved K-12 teachers and administrators,
tea.cher educators, and a number of consultants, a set of ten
guiding principles for the consortium emerged:

School-based and Learner Centered Professional
development and technology schools provide the
authentic settings for preservice teachers to learn to teach
urban children and youth more effectively.
Outcomes Focused Progress through and completion
of the program by preservice teachers is based on
demonstration of outcomes considered important to
improved urban education.
Rich in the Use of Technology Technology is used in
the program of teacher preparation and in the profes-
sional development and technology schools for manage-
ment, instruction, and communication.
Focused on Cooperative Learning Cooperation and
collaboration are major concepts that guide the program.
Strongly Identified with Cultural Diversity The
program is designed to develop understanding and
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regard for cultural and economic diversity, as well as
diversity of abilities (e.g., special education and gifted
and talented) and motivation.
Reflective and Investigative The program promotes
and utilizes reflection upon and analysis of contexts,
actions, and outcomes so students understand and
improve the educational process.
Based on Active Learning The program facilitates
learning by engaging prospective teachers in exploring,
experiencing, and applying theoretical constructs to
field-based experiences. Everyone-university
professors, teachers, and prospective teachers-consider
themselves active learners.
Broad in its Range of Teaching Practices Preservice
teachers experience and learn to use current best
teaching practices and strategies.
Strong in Liberal Studies Background A rich and
broad liberal education, complemented by strong
academic preparation in the teaching fields, is expected
of all preservice teachers.
Grounded in Authentic Assessment. Portfolio assess-
ments are used to assess and demonstrate a broad range
of abilities. Prospective teachers are expected to
maintain a portfolio of their accomplishments both as a
demonstration of progress and as an employment aid.

Each of the four universities in the consortium is
developing a teacher education program. And while the
programs differ considerably, they all are based on these
principles. In the remainder of this paper the program being
developed at the University of Houston will be discussed.

PUMA (Pedagogy for Urban and
Multicultural Action)

The University of Houston component of the Consor-
tium project, PUMA (Pedagogy for Urban and Multicultural
Action), has as its goal the creation of a technology-rich
environment that supports the development of successful
educators for the urban environment. For instance, note-
book computers with modems were purchased and loaned
to the emerging teachers so that they can take advantage of
Internet resources.

In addition to a significant technological dimension,
PUMA is designed to overcome some of the persistent
problems in teacher education. For instance, one of the
most serious problems of beginning teachers, the isolation
felt by student teachers in their teacher education program,
is addressed in several ways. Cognizant that technology is

not a goal in and of itself, PUMA's philosophy is to utilize
the resources of the Consortium, including technology, that

can effectively deal with the solitary nature of traditional

teacher education.
In this paper, we focus on the characteristics of coopera-

tive learning and how technology, in concert with cohort
grouping, can help to reduce the isolation felt by student

teachers.

822

Eliminating Isolated Learning
Environments

Learning to teach has traditionally been a private,
individual act While it is true that student teachers are
generally paired with one or two cooperating teachers, they
are rarely asked to work with other student teachers in the
process of learning to teach. Yet, those who work for
school renewal and reform maintain that teachers must learn
to work together to improve schooling. If teacher educators
do not support, encourage, and provide for interactions
among student teachers, it is unlikely that beginning
teachers will view teaching as a collaborative,act. Profes-
sional Development and Technology Schools may provide
the opportunity for student teachers to explore learning to
teach in concert with one another.

Fieman-Nemser and Roden (1986) emphasized how
isolated teachers can be, suggesting that the "egg-crate"
architecture of the school and the school schedule encour-
ages isolation of teachers, which can be detrimental to a
teacher's practice. Similarly, Lortie (1975) noted that the
professional isolation of the first-year teacher and the
intellectual isolation of all teachers contributed to a number
of potentially adverse conditions. Indeed, teacher isolation
may contribute to teacher burnout and attrition.

In his extensive review of student teaching, Griffin
(1989) found that student teachers, like their experienced
counterparts, are very much alone in their work. He
described one of his study's primary findings:

Student teaching can be characterized somewhat as
the teaching profession has beenas a lonely pro-
fession. In the same way that practicing teachers
tend to be isolated from their colleagues by the
organization of schools and by the ways in which
schools are designed, the student teacher-cooperat-
ing teacher dyad appears to be isolated from other
dyads and, indeed, from other cooperating teachers
and student teachers. (p. 362)
The early isolation of student teachers may lead to

experienced teachers who do not view teaching as a
collaborative effort. Student teachers who do not form a

network with one another during their teacher training
are unlikely to create such networks as beginning teachers.
In a study that was specifically designed to examine
teachers' social support n^,twork, Garabino and Whittaker
(1983) found that informal networks among teachers do
exist, but tend to be so informal that it is difficult to discover
who benefits and how. They also wrote that the most
obvious peer support networks, the two national teacher
organizations (the American Federation of Teachers and the
National Education Association), "are of little help in
overcoming the loneliness and isolation that leads many
teachers to leave the profession" (p. 272).

In short, the paucity of research on social support
networks forced these authors to explore the conditions
needed for networking among teachers, rather than explor-
ing programs already in place. They suggest that both the
school administration and teacher training institutions can
foster informal support networks among teachers; the
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former by encouraging interaction among teachers; the latter
by placing student teachers in cohort groups.

Conoley (1989) suggests that beginning teachers must
communicate effectively with both their students and other
teachers. She maintains that skills neede..1 by beginning
teachers include well-developed communication skills, a
deep understanding of how to collaborate with other
teachers, the ability to consult with others, and the knowl-
edge of problr -a solving methods that include working with
others. If beginning teachers must have skills in the former
categories, are teacher educators preparing preservice
teachers to understand these roles? In an age of site-based
management and other collaborative endeavors, it is
increasingly important for teachers to work well with one
another.

Features of Cooperative Learning
Professional Development and Technology School

programs may provide the type of student teacher collabora-
tion which can result in better instruction, lnding to school
renewal. One of the foundations of the Consortium
program as well as the University of Houston PUMA model
is a strong focus on cooperative learning. Confident that
true professionals grow only when they are able to "test
their pnvate puzzles" with others who are engaged in
similar challenges, students are placed in cohort groups with
one another. In addition, the schools are organized around
teaching clusters in which student teachers are able to
observe their experienced counterparts discussing various
aspects of teaching (e.g., student achievement, working with
parents). In this way, decisions in the PDTSs are made in
concert with others involved and teaching/learning chal-
lenges and are not left for the individual to solve in private.

Within PUMA much of the effort to solve the puzzles
of teaching is public. In fact, portfolio assessment is the
primary evaluation tool of student teachers in the PUMA
program. Each student completes two portfolios, one which
gives evidence that the student is "safe to start," the other
an exit portfolio indicating that the student is ready to
assume full-time teaching in his or her own classroom. The
importance of collaboration is emphasized in the portfolio
presentations. Students present their portfolio to a group of
educators, including one of their peers, who has witnessed
several lessons completed by the presenting student.
Students serving on this committee to help their peers reflect
on their growth as teachers, signifies the importance of
collaboration.

Another way the isolation of teachers is reduced is
through cohort groups. The PDTS concept allows 8-10
student teachers to learn their profession in a cohesive group
of learners who work in one school. Because they all face a
similar challenge, have similar resources, and come to know
the same children, the student teachers become a tightly-knit
cohort group. They quickly learn to trust one another and
count on each other's advice. As one student teacher
recently reported, "We didn't know one another at all when
the program started, but now we trust each other with
anything."

This comment came after only three months into her

experience in the PUMA program. The typical student
teaching program acts as though the goal were to "divide
and conquer" the student teachers. Placing student teachers
in a school with only one or two of their counterparts
discourages student teacher interaction at a time when they
most need it.

Integration of Technology
A critical goal of the preservice teacher education

program proposed by the Consortium and the PUMA model
emphasizes use of technology to support classroom
instruction, instructional management, and distance
education. It also provides electronic communication to
reduce the isolation felt by beginning teachers. To stress the
use of technology, students are encouraged to use a variety
of multimedia resources in the development and presenta-
tion of student portfolios.

Through the Consortium, preservice teachers are
equipped with knowledge of how to use instructional
technology effectively with an emphasis on instructional
uses of classroom-based computers, classroom administra-
tive applications, and the use of educational telecommunica-
tions. The program gives preservice teachers experience
choosing technology appropriate to the needs of their
students and provides continuing opportunities for them to
practice the implementation of that technology.

All prospective teachers complete an instructional
technology course, either in their universities prior to
experiences in the PDTS, or as part of the program. Thus,
they are knowledgeable about instructional hardware and
software and are able to assist teachers in the PDTS in
computer-supported instruction. This is not only a valuable
learning experience for prospective teachers, but also of
paramount importance to PDTS teachers, particularly those
who may be less confident of their ability to use technology.
Software collections at the local education agencies and the
participating universities are available for program partici-
pants to examine for possible use in their classrooms.

A number of lightweight portable laptop computers are
included as an integral part of the program. These comput-
ers are used for lesson planning, telecommunications, record
keeping, and instruction. The goal of the program is to
educate teachers for whom the technology becomes so
transparent that they cannot imagine doing their job without
it.

Prospective teachers are able to organize notes from
their university classes, obtain files related to the content
they are teaching and instructional technology resources that
are appropriate for their K-12 students, use templates to
organize observations of instruction, maintain grades and
records, construct and index lesson and unit plans, develop
or secure instructional materials electronically and use the
computer and an LCD display unit to support a teacher
centered lesson, and keep a log of experiences and innova-
tive ideas. Authentic assessments that are part of preservice
teachers' portfolios are also being maintained via the laptop.
With a modem and telephone line, preservice teachers are
able to communicate with university instructors electroni-
cally (e g., turn in assignments, receive feedback, make
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appointments), from home or school.
A portable multimedia tation is located in each of the

eight PDTSs, at each university, at the two service agen-
cies.. This assures a minimum technology base for instruc-
tional use by prospective and inservice teachers in PDTSs
and by the trainers of these teachers. Included in the
portable multimedia station is a computer and monitor, a
color LCD display, a camcorder for recording events and
teaching episodes, a scanner, and software for storing and
displaying video on the computer. This equipment is stored
on two rolling carts so it can be readily moved from one
area to another.

A model interactive classroom with six workstations is
also being installed in each university so instructors can
demonstrate grouping and individualization in their classes.
Modeling effective instruction for prospective teachers,
including active learning and cooperative learning, are
important complements to experiences in schools.

An important component of the project is the use of
telecommunications. A suite of telecomputing resources are
being implemented to support collaboration and communi-
cation among participants, provide access to electronic
information resources available on the Internet and through
TENET, the Texas Education Network, and the University
of Houston campus network. These connections facilitate
an intensive use of telecommunications by prospective
teachers and teacher educators in their planning and
classroom activities. They also allow for ongoing discus-
sion and professional support among preservice teachers,
professors, and mentor teachers. An electronic communica-
tions station is available in each of the eight PDTSs, each of
the four universities, and the regional service centers. The
station includes a computer with either a direct Internet
connection or a dedicated phone line and a high-speed fax
modem. Each station includes a printer, and all of the
equipment is housed in an area accessible to preservice and
inservice teachers.

Consortium members are linked electronically through
electronic mail, a series of online newsgroups, and a
consortium gopher site which houses project documents, a
consortium directory, instructional software, and links to
other Internet resources. All project participants are being
trained to use graphical-user-interface Internet resources
such as Eudora, TurboGopher, and Fetch over SLIP (Serial
Line Internet Protocol) dial-up connections. The SUP
connection allows members who do not have access to a
direct Internet connection to access and retrieve a wide
variety of information, such as electronic journals, scientific
image files, and hypermedia applications from any location.
The SLIP connection can be accessed over a modem and
telephone line from school or home.

We believe if we can encourage preservice teachers to
communicate with each other and with their university and
school instructors while in training, they will continue to do

so following program completion. Beginning teachers tell
us how isolated they feel, how they wish they could remain
in contact with their cooperating teachers in the PDTS and
that favorite professor in the university following gradua-

tion. And perhaps as important, with the widespread
distribution of instructional materials on the Internet,
consortium members are able to gain a broad view of the
multitude of ongoing activities related to teacher education
and classroom teaching that exists today.

Technology Education Development
and Support System (TEDS)

An additional major technology component of the
Consortium is the Technology Education Development and
Support System (TEDS). One of the primary responsibili-
ties of the TEDS is to identify and secure technology-related
teacher education resources with particular reference to
resources that have been found effective with urban
populations, and make these resources available to preser-
vice teacher educators in schools, universities, and educa-
tional support systems in the consortium. Identification of
available teacher education technology materials has begun
and a CD-ROM of available teacher education materials is
currently being developed for distribution to consortium
members.

A second responsibility of the TEDS is to design and
develop technology-based instructional materials, including
interactive multimedia packages, created specifically for
technology-enriched teacher education programs. While
there are many ways interactive multimedia can be used
effectively in teacher education, few packages have actually
been developed. This contrasts sharply with the several
thousand packages available for K-12 and other areas of
higher education.

As the project advances, professors and mentor teachers
will have the ability to provide dramatic, interactive,
videodisc simulations of events that preservice teachers are
likely to encounter when they begin teaching. The objective
of the technology teacher education materials will be to
develop reflective inquiry in prospective and inservice
teachers.

During the first year of the project, development is
underway on a package related to model uses of technology
in the classroom . Using hypermedia software, prospective
teachers, individually and in small groups, will explore
models such as the use of simulations, the concept of
anchored instruction, and children's writing and publishing
centers. Video segments will be recorded in exemplary
Classrooms and instructional designers in TEDS will create
interactive multimedia packages based on these segments of
instruction and interaction.

Summary
The Houston project is one model for addressing the

task of preparing teachers for urban schools. The program
places students for extended periods of time in professional
development schools, provides support for the use of
technology in the classroom, and encourages collaboration
and communication. The results, at this early stage, are
encouraging.
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Fifteen years ago, in 1979, teacher educators interested
in teaching about information technology quickly discov-
ered that relevant software resources were quite limited.
Applications software such as word processors and spread-
sheets could be adapted for classroom use. And, of course,
there was a growing collection of drill and practice, tutorial,
and simulation software designed for classroom use. Many
teacher educators who demonstrated software in their
courses, or required students to evaluate programs, could
keep all their program disks in a small plastic box.

The situation has changed drastically since 1979. There
are thousands of educational software packages today, and
new types of applications software have appeared such as
desktop publishing programs and presentation software.
Many new forms of educational software have also
emerged. Computer-supported laserdisk packages,
hypremedia software, and multimedia packages are popular
now but did not exist in 1979.

Today the computer-using teacher educator is faced with
a problem of overabundance rather than scarcity. There are
tens of thousands of public domain and shareware pro-
grams that might be of interest to teacher educators. In
addition, many commercial software companies now supply
demonstration versions of their programs to potential
buyers.

The large number of programs available presents two
problems. First, sifting through even a small percentage of
them is time consuming. Second, if you do take the time to
select useful programs, the result can be a scattered collec-
tion of several hundred disks that, without constant atten-
tion, are never where you need them. The idea for a teacher
education CD-ROM occurred to one of the authors (1W)
after he had searched through fifty or sixty disks at home
only to discover that the program he was looking for (a
public domain simulation on neural anatomy) was at the
office (or in the computer lab, or loaned to a graduate
student).

CD-ROMs are a convenient way of storing hundreds,
even thousands, of files in a convenient, portable format. A
single CD can store over 600 megabytes of data and costs
less than the price of two 3.5" diskettes to manufacture in
quantity. Over the past year a group at the University of
Houston has been collecting, evaluating, and organizing
programs and data files that can be used in preservice and
inservice teacher education programs. The CD has been
duplicated and is available for a small i4.arge.

Structure of the CD
We used a desktop CD recording system (CD-R)to

produce a master copy of the CD. After testing it for
compatibility, it was mass produced for distribution. The
files on the CD fall into four general categories:

Macintosh Files. One section of the CD contains a
collection of files that run on Macintosh computers.
IBM Files. Two sections, one for DOS and one for
Windows, contains programs that run on IBM and IBM-
compatible computers.
Resources. Several types of resources, such as graphics,
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fonts, and sounds, can be used by both IBM and
Macintosh computers. The CD has a collection of
resource files that are particularly useful in education.
Docwnents. The fourth section of the CD contains a
collection of documents. Some files contain the texts of
classic works of literature. Others are papers on
different aspects of technology use in education.

Program Categories
The DOS, Windows, and Macintosh sections of the CD

are organized according by software type. There are five
general program categories:

Communication. Software in the communication
subdirectory includes public domain telecommunica-
tions programs, tools for accessing commercial networks
such as CompuServe, and software that automates
Internet use.
Instructional Technology. Programs related to instruc-
tional technology ana computer literacy are stored in this
area. For example, tutorials on computer operation and
the use of popular applications software are available.

Productivity Software. Subdirectories or folders contain
a wide range of applications programs including
spreadsheet programs, word processors, authoring tools,
and gradebook software.
Subject-specific Software. The CD includes a number
of programs designed specifically for use in education.
Subdirectories or folders contain programs for areas
such a language arts/reading, mathematics, science,
social studies, special education, business education, and
the arts.
Fun. The CD includes a number of games for both
Macintosh and IBM computers.

A Sample of Material on the CD
A few of the files on The First Teacher Education CD-

ROM are described briefly below:
A Byte of Apple. This program, in the Information
Technology folder of the Macintosh section is a
HyperCard stack that covers the history of computers
with an emphasis on Apple computers. Figure 1 is from
this program.

R B te of fipple"' u1.011,

QUIT

The Original Apple Logo
created by : Ron Wayne & Steve Jobs

I n this stack you will find buttons that will
i nt rod uce you to the history of the personal
computer and its creators. There's even a section
called "The First Computers" which covers
the trials and tribulations of 5000 years of
development leading to the modern computer.

You can focus on any of the many individuals
featured, the companies and computers they
developed, or you can read the condensed version
of this history entitled "The History of Apple".

You will find sections that disc Jas the various
models of computers, and even a list of companies
that produce quality products.

The creation of this stack wouldn't have been
possible without the excellent reference material
available. You'll find it documented in the
Bibliography section I hope you'll read
beyond what you find enclosed.

IMDCIS*

Figure 1. A Screen from A Byte of Apple.
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( Compute Paper Grades )
(Compute Final EHam Grades)

(Initialize Globals)

Compute RH Grades )

Rdd Cards )

(import some records)

(to Records)

Initial # of Records )

(get file of Remarks)

(printrecords)

(medicine)

Gradebook 2.02L This program, in the productivity/
classroom area of the Macintosh section, is a shareware
gradebook program with many features. Figure 2 is a
screen shot from the program. A program named Grade
Book Power is a similar program in the DOS section,
and Grade Book for Windows is provided for Windows
users.
Hyper Studio Preview. This is a demonstration of a
popular hypermedia authoring system from Roger
Wagner Publishing.
Mac Draw Pro 1.5. This is a demo version of a popular
drawing program from Claris.
ViruScan. This program looks for and removes viruses
found on your disk. It is considered by many to be the
best program available for the Macintosh. It is in the
Utilities folder.
PC Proof A DOS program in the productivity/word
processing subdirectory, it checks the grammaf of your

document. It can identify a number of problems such as
subject/verb agreement and passive voice. It works with
most popular DOS word processing programs.
Math Plot. A DOS program in the subject/math
subdirectory. Math Plot graphically displays the plot of a
math function you write in standard algebraic notation.
It can handle cartesian, polar, and parametric equations.
Plots can be displayed on the screen or printed.
Hyper Pad This program, in the productivity/authoring
subdirectory of the DOS section, is a commercial
program that became shareware a few years ago. It is a
powerful authoring environment for creating
hypermedia documents that include text and graphics.
LessonPlanZ A DOS program in the productivity/
classroom subdirectory, it automates the process of
developing and storing lesson plans. It can generate
several different types of reports and will even produce
labels for the folders you use to store the printed lesson
plans.

Options Preferences

Initial Setup:
New Gradebook

Current Gradebook:

Gradebook Manager

. , .

*** HELP! ***

Compute Assignment Grades

Compute Nam Grades

Compute Term Grades

(Trim Gradebook)

(Clear All RecoTTEats

set Student Codes

ga.

Figure 2. A Screen from a Macintosh gradebook program.
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Sky Globe. This computer simulation of a planetarium
will recreate on your computer screen a high resolution
view of the night sky from any location on the earth. It
is a DOS program in the subject/science subdirectory.
Aspects educational demonstration program. A demon-
stration version of conferencing software from Group
Logic that is used in many English composition courses
to support shared editing of student writing.
LinkWay Archive files. MarkWhinnan collects
LinkWay files created by teachers and students all over
the world and makes them available through the
International Public Domain K-12 LinkWay Archive.
All the files in that archive, as of November, 1993, are
on the CD. For example, one program developed by
Jorivoj Brdicke from the Czech Republic is about
Prague.
Mastering Calculus demo. A demonstration of a
computer assisted instruction package for calculus from
the Nectar Foundation in Canada.
Health Security Act. This file is an electronic version of
the entire bill submitted to Congress by President
Clinton. It is in the form of an electronic book that can
be search electronically using keywords and boolean
logic. It was supplied by Folio Corporation to demon-
strate their software, Folio.

In Summary
The CD-ROM produced at the University of Houston

will be distributed nationally. It contains over a thousand
programs, documents, fonts, graphics, photogaphs, and
video clips a teacher educator can use in a variety of ways.
A few possibilities include:

The CD has different types of software that can be used
as examples in lecture/demonstrations.
You can provide students in methods and educaional
computing courses with a convenient source of pro-
grams for evaluation.
In courses where students are required to do
microteaching, the CD is a convenient sourse of
software that can be used in sample or demonstration
lessons.
Browsing the CD gives you an idea of the types of
programs available today. The demonstration versions
of commercial applications programs, and educational
software, can be used to make individual and group
decisions about what software to purchase.
The graphics, sounds, fonts, and video clips can be used
in teacher- and student-developed materials such as
posters, overheads, and hypermedia programs.
Finally, since many of the files are public domain, they
can be used in classrooms with students at no cost. For
example, the photographs of space missions provided by
NASA could be used in a science class by students
creating multimedia reports on space travel.
We called this CD The First Teacher Educanon CD-

ROM but it certainly should not be the last. The capacity
and economy of CD-ROMs make them an ideal distribution
medium for large collections of software. We hope others

will develop and make available a whole range of CDs with
titles like 'The Science Teacher Education CD," "The
Social Studies CD," and "The Constructivist's Resource
CD."

Jerry Willis, Jerry Price, and Bernard Robin are all at the
College of Education, University of Houston, Houston,
Texas 77204. e-mail: jwillis@jetson,uh.edu;
jdprice@uh.edu; brobin@ uh.edu
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