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n the United States, the public school system is designed—ideal-

ly—to produce effective, thoughtful citizens who will become

valuable contributors to society. In the race to make sure our stu-

dents are well prepared to handle the world they walk into when
they walk out of schools, the nation has tried to enlist as teaching re-
sources the most relevant technological innovations of our time—
whether television or telecommunications, calculators or computers.
But in the process of equipping our students to learn with technology, a
valuable—perhaps the most valuable—part of the education equation
has been virtually overlooked: the teachers.

Despite over a decade of investment in educational hardware and soft-
ware, relatively few of the nation's 2.8 million teachers use technology
in their teaching. What are some of the reasons teachers do not use
technology? What happens when they do use technology? What factors
influence technology integration in schools? What roles do schools, dis-
tricts, states, the private sector, and the federal government play in help-
ing teachers with new technologies? OTA’s in-depth examination of
these questions was initiated at the request of the Senate Committee on
Labor and Human Resources, and endorsed by the House Committee on
Education and Labor (now the House Committee on Economic and
Educational Opportunities) and a member of the Senate Appropriations
Committee. As this report will show, helping schools to make the con-
nection between teachers and technology 1nay be one of the most impor-
tant steps to making the most of past, present, and future investments in
educational technology and in our children’s future.

Throughout this study. the advisory panel, workshop participants, and
many others played key roles in defining major issues, providing in-
formation, and contributing a broad range of perspectives that helped
shape this report. OTA thanks them for their substantial commitment of
time and energy. Their participation does not necessarily represent an en-
dorsement of the contents of the report. for which OTA bears sole
responsibility.
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Summary
and
Policy
Options

SUMMARY OF KEY FINDINGS

» Projections suggest that by spring 1995, schools in the United
States will have 5.8 million computers for use in instruction—
about one for every nine students. Almost every school in the
country has at least one television and videocassette recorder,
and 41 percent of teachers have a TV in their classrooms. Only
one teacher in eight has a telephone in class and less than 1 per-
cent have access to voice mail. Classroom access to newer
technologies like CD-ROM and networking capabilities are
also limited. While 75 percent of public schools have access
to some kind of computer network, and 35 percent of public
schools have access to the Internet, only 3 percent of instruc-
tional rooms (classrooms, labs, and media centers) are con-
nected to the Internet.

Despite technologies available in schools, a substantial num-
ber of teachers report little or no use of computers for instruc-
tion. Their use of other technologies also varies considerably.
While technology is not a panacea for all educational ills,
today’s technologies are essential tools of the teaching trade.
To use these tools well, teachers need visions of the tech-
nologies’ potential, opportunities to apply them, training and
just-in-time support, and time to experiment. Only then can
teachers be informed and fearless in their use of new
technologies.

Using technology can change the way teachers teach. Some
teachers use technology in traditional “teacher-centered”
ways, such as drill and practice for mastery of basic skills, or
to supplement teacher-controlled activities. On the other hand.
some tcachers use technology to support more student-cen-
tered approaches to instruction, so that students can conduct

J‘ .




ANDREW M LEVINE

Helping teachers become “fearless” with technology could be
the best way to assure that they use these tools effectively in
their classrooms.

their own scientific inquiries and engage in col-
laborative activities while the teacher assumes
the role of facilitator or coach. Teachers who
fall into the latter group are among the most en-
thusiastic technology users, because technolo-
gy is particularly suited to support this kind of
instruction.

Increased communications is one of the biggest
changes technology offers classroom teachers.
Telecommunications, from simple telephones
to advanced networks, can transcend the walls
of isolation that shape the teaching profession
and allow teachers to converse and share expe-
riences with colleagues, school administrators,
parents, and experts in the field.

Helping teachers use technology effectively
may be the most important step to assuring that
current and future investments in technology
are realized.

Most teachers have not had adequate training to
prepare them to use technology effectively in
teaching. Currently, most funds for technology
are spent on hardware and software, but experi-
enced technology-using sites advocate larger
allocations for training and support. On aver-
age, districts devote no more than 15 percent of
technology budgets to teacher training. Some

states have suggested this figure should be
more like 30 percent.

A majority of teachers report feeling inade-
quately trained to use technology resources,
particularly computer-based technologies. Al-
though many teachers see the value of students
learning about computers and other technolo-
gies, some are not aware of the resources
technology can offer them as professionals in
carrying out the many aspects of their jobs.
Although schools have made significant prog-
ress in helping teachers to use basic techno-
logical tools such as word processing and
databases, they still struggle with integrating
technology into the curriculum. Curriculum in-
tegration is central if technology is to become
a truly effective educational resource, yet in-
tegration is a difficult, time-consuming, and re-
source-intensive endeavor.

s Technology can be a valuable resource for im-

proving teacher education overall. It can bring
models of the best teaching live from the class-
room into the colleges of education, or provide
video case studies of teaching styles and ap-
proaches. It can forge stronger connections
among student teachers, mentor teachers in the
field, and university faculty.

= Despite the importance of technology in teach-

er education, it is not central to the teacher
preparation experience in most colleges of
education in the United States today. Most new
teachers graduate from teacher preparation
institutions with limited knowledge of the
ways technology can be used in their profes-
sional practice.

» The federal government has played a limited

role intechnology-related teacher development
compared with states, universities, and school
districts. Even so, past federal programs have
piloted innovative educational applications of
technology for teachers by providing signifi-
cant support for professional development,
specifically among mathematics, science, and
special education teachers, and by providing
funding for technology-related professional

[l
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Technology is a fact of life in today's society and students will need to be facile with these powerful tools. This young student
makes sure his thinking cap is on as he ponders a computer screen in the Classroom.

development in school districts that could not
have supported it on their own.

The federal government has tended to focus
more on inservice than preservice education,
channeling more support to K-12 schools than
to colleges of education—an approach that may
address current needs but does not greatly in-
fluence teacher preparati..n or quality over the
long term.

The federal government has a unique opportu-
nity to encourage greater links between tech-
nology and professional development. through
recent legislation such as Goals 2000 and the
Improving American’s Schools Act. The way
the laws are currently written, however, fund-
ing for technology and teacher training, and
support for effective use, may not be high prior-
ities. National leadership for educational
technology can create enthusiasm and support

for state and local technology initiatives. Fo-
cusing attention, as well as funding, on how
technologies can support professional develop-
ment, and on how tcachers are essential to the
implementation of technologies, can send im-
portant signals to schools around the country.

INTRODUCTION

“4 teacher affects eternity; he can never tell
where his influence stops.”

Henry Adams, from The Education of

Henry Adams

Technology is a fact of American life. Computers,
video, television. telephones, radio. and telecom-
munications nctworks exert an incalculable in-
flucnce on how we live, work, and play—an
influence likely to expand as hardware and soft-
ware become more powerful, affordable, and per-

Y
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4| Teachers and Technology: Making the Connection

vasive.! New technologies are already essential
tcols for doing business and are quickly becoming
a primary means for people to acquire informa-
tion. For example, in 1993 an estimated 12 mil-
lion-plus Americans regularly used electronic
mail and related online information services.? By
October 1994, the number of e-mail users was es-
timated to be more than 27 million.3

For students, the ability to use technology has
come to be recognized as an indispensable skill.
The Secretary’s Commission on Achieving Nec-
essary Skills (SCANS) stated this in the starkest
terms, “Those unable touse . . . [technology] face
a lifetime of menial work.”*

Recognizing their responsibility to prepare stu-
dents to work and live in a technological society,
states and school districts have adopted standards
for teaching students: with and about technology.
For example, in a 1994 survey conducted for the
Office of Technology Assessment (OTA), all but
seven states reported that they require or recom-
mend integrating computers or information
technology into the curriculum, and 19 states re-
quire seniors to demonstrate comuter competen-
cy before graduating.® The question now is, how
can schools use technology more effectively?

Most policy discussions and technology ini-
tiatives have tended to focus on hardware and
software acquisition, and student access to tech-
nology. However, in the enthusiasm to get tech-

nology to students, and in the context of limited
resources, teacher issues have been shortchanged.
When teacher needs are discussed, the emphasis is
often on providing short-term training to familiar-
ize teachers with a specific application or encour-
age general computer literacy. Seldom have
policy discussions or initiatives centered on the
relationship between technology and the teacher’s
role. Seldom have they articulated a vision of how
technology can empower teachers to carry out all
parts of their jobs.

In response to these concerns, noted as issues in
earlier OTA reports,” OTA was asked to do this
study by congressional committees and members
of Congress with interests in the application of
emerging technologies to education (see box 1-1).

In addition to the usual OTA process of conven-
ing an advisory panel, conducting extensive staff
work, and obtaining broad peer review of drafts,
OTA used a variety of methods to conduct this as-
sessment (see box 1-2). The technologies OTA fo-
cused on and their current availability in the
nation’s elementary and secondary schools are de-
scribed in box 1-3.

OTA finds the lack of attention to teachers and
technologies ironic, for at the center of effective
use of instructional technologies are those who
oversee the daily activities of the classroom—the
teachers. To use new technologies well, teachers

I'See. e.g.. U.S. Congress, Office of Technology Assessment, Electronic Enterprises: Looking 1o the Future, OTA-TCT-600 (Washington.
g 8 3/ /; 2

DC: U.S. Government Printing Office, May 1994),

2], Eckhouse, “Internet: Millions of Users Plug in to Hug Computer Network,” San Francisco Chronicle, June 1. 1993, pp. C-1.C-7.

3 Matrix Information and Directory Services, Austin, TX. October 1994,

4 What Work Reguires of Schools: A SCANS Report for America 2000, Sceretary™s Commission on Achieving Necessary Skills (Washington

DC: U.S. Department of Labor. June 1991), p. 15,

3 For this study. when the term technology is used, it refersto all forms of computers and their peripherals including hard disk drives. printers.
CD-ROM, projection devices, ana networks offering telecommunications linkages. 1t also refers to a range of other new or more traditional
technologics: telephones, video cameras, televisions and VCRs. fax machines. videodiscs, cable and other one- or two-way links, smaltl devices
like clectronic calculators, personal digital assistants or other hand-held devices, or combinations of these and other new technologics.

6 Ronald E. Anderson, “State Technology Activities Related to Teachers.™ contractor report prepared for the Office of Technology Assess-

went, U.S. Congress, Washington, DC, Nov. 15, 1994,

Tus. Congress, Office of Technology Assessment, Power On! New Tools Jor Teaching and Learning, OTA-SET-379 (Washington, DC;
U.S. Government Printing Office, September 1988): and Linking for Learning: A New Course for Education. OTA-SET-430 (Washington, DC:

U.S. Government Printing Office, November 1989).
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S UBOX 11 Why This Study? <

In 1986, Congress asked the Office of Technology Assessment to study the use of computers in
schools. In 1988, OTA reported its findings in Power On! New Tools for Teach}'ng and Learning,! which
described the promise of and barriers to using technology? in K-12 education. At that time, there were
about two million personal computers in American schools, a ratio of roughly one computer for every 30
students. Most educational software was limited to drill-and-practice applications. A handful of small, spe-
cial-purpose educational software publishers were scrambling to create a market for their products.
Schools were focusing attention on teaching students "computer literacy” skills. Teacher training consisted
of general computer awareness courses, and a few adventurous souls were learning to program in BASIC
or LOGO, so they cculd design their own software applications. At that time, most teachers did not use
computers as a significant part of their teaching—only half the K-12 teaching force reported using comput-
ers in instruction. Few teachers had computers of their swn at school or at home. Not surprisingly, many
teachers were less than impressed with this new wave of educational euphoria.

Similarly, in 1989 when OTA released Linking for Learning: A New Course for Education,3 a followup
report assessing how schools were using distance-learning technologies to link students and teachers with
resources, activity was limited. At that time, states were beginning to investin broadcast, microwave, satel-
lite, cable, and computer-based systems, and the federal Star School Project had just funded its first round
of projects. In subsequent work assessing technologies for testing® and aduit literacy,5 OTA reported on
emerging opportunities presented by technology.

In each of these reports to Congress OTA noted the critical role of teachers. To iearn more about how
schools and teachers use computers and other technologies and what this means for future policies, inthe
summer of 1993 Congress requested OTA to revisit the issue of teachers and technology in K-12 schools in
depth.

Requesters, and their affiliations during the 103d Congress are as follows:

U.S. Senate U.S. House of Representatives
Committee on Labor and Human Resources Committee on Education and Labor?
Edward M. Kennedy, Chairman® Williarn D. Ford, Chairman8
Committee on Appropriations William F. Goodling, Ranking Minority Member®
Thad Cochran, Member Subcommittee on Elementary, Secondary. and
Vocational Education'®
Dale E. Kildee, Chairman'!

1 U.S.Congress. Office of Technology Assessment. Power On! New Tools for Teaching and Learning. OTA-SET 379 (Washington.
DC' U S. Government Printing Office. September 1988)

2 The main focus of that report was the personal computer, whether as astand-alone untt, connected to alocal area network, oras
par of a more comprehensive integrated learning system.

3 Linking for Learning: A New Course for Education, OTA-SET-430 (Washington. DC U S Government Printing Otfice. November
1989).

4 Testing in American Schools- Asking the Right Questions, OTA-SET-519 (Washington, DC U.S. Government Printing Ofice. Feb-
ruary 1992)

5 Adult Literacyand New Technologres: Tools for A Lifetime, OTA-SET-550 (Washington. DC U § Government Printing Office. July
1993).

6 Now Ranking Minority Member

7 Now the House Commuttee on Economic and Educational Opportunities

8 Now retired

9 Now Chairman, House Committee on Economic and Educational Opportunities

10 Now the House Subcommittee on Early Childhood, Youth, and Families

11 Now Ranking Minority Member

(continued)

ERIC




o BOX A+t (contd): Why ThisStugy? -

The requesters asked OTA to look at several issues. Do teachers use technology in their teaching?
Why? What happens when they do? Why don't more teachers use technology? How do teachers learn
about technology? Are prospective teachers being prepared to use technology before entering the class-
room? Which factors influence implementation of technology across schools and districts? What roles do
schools, districts, states, and the federal government play in helping teachers adjust to the challenges and
opportunities presented by new technologies? This report describes the resuilts of OTA's research into all of
ihese questions.

The issue of teachers and technology is of continuing relevance to the 104th Congress. Two major
pieces of legislation passed in the 103d Congress have provided authorization for a number of initiatives
related to technology. The decisions made by the 104th Congress will shape the direction of these initia-
tives. The Goals 2000: Educate America Act encourages states to undertake ambitious school reform ef-
forts and funds statewide plans for using technology to achieve these reforms. The Improving America's
Schools Act, in a revised Title Ill of the Elementary and Secondary Education Act (ESEA), contains the
most comprehensive legislation for educational technology ever passed by Congress and places a greater
emphasis on teacher professional development in several other federal programs. These two laws have the
potential to bring more coherent and consistent leadership to the federal role in technology and teacher
deveiopment, but whether this occurs will depend on how the programs are funded and implemented. This
report contains discussion of issues and policy options relevant to implementation.

In addition to funding decisions about current education programs, the 104th Congress faces other is-
sues aftecting education technology, most notably legistation to update the Communications Act of 1934.
The availability and affordability of telecommunications technologies for schools are two of the most impor-
tant issues affecting the future of educational technology.

PAFullToxt Provided by ERIC

not only need access to them, but they also need
opportunities to discover what the technolo-
gies can do, learn how to operate them, and ex-
periment with ways to apply them. For teachers
to make informed choices and wise uses of
technology, they must be literate and comfortable
with a range of educational technologies.

However, the use of technology in teaching,
like any other change to the status quo, should be
considered in light of the unique characteristics of
the teaching profession. Indeed, teaching has been
called many things: an art, a science, a calling, a
way of life. Throughout history, teachers have tak-
enup the tools at hand to help them teach—wheth-
er marking on clay with a stylus, or writing on a
blackboard with chalk. As new technologies have
emerged—photography, filmstrips, radio, televi-
sion—teachers have used them to extend the range
of what they could teach, illustrate ideas in differ-
ent ways, bring new materials to students, and mo-
tivate learners.

The process of adopting new technologies has
never been quick or effortless, however. Like all
professionals, teachers have instructional meth-
ods, teaching styles, and working procedures that
have served well in the past and that often reflect
how they themselves were prepared. And like
other large institutions, schools have organiza-
tional characteristics that make change difficult.
Moreover, the unique culture of schools and
changing public expectations for them create
conditions substantially different from those of
other workplaces.

Although teachers want to enlist all available
tools to help their students learn, as new technolo-
gies have become more sophisticated, the transi-
tion has become even harder, requiring more
training before teachers can use them effectively.
Teachers, like many in society, can find them-
selves bewildered by the changing landscape of
computer, video, and telecommunications tech-
nologies. Many are made skeptical by predictions

1%
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7 BOX 12 How This Sudy Was Conducied

Although considerable research has been coriducted since 1988 on student uses of technelogy, far less
has been done on teacher uses, and consequently data on teacher issues are limited. As a starting point
for this study, OTA reviewed research on teachers and technology, including national surveys and studies,
evaluations of federal technology-related programs, and research on state, district, and school technology
efforts.

During the course of this study, OTA staff made site visits to schools of all grade levels across the coun-
try (see appendix E), and had hundreds of conversations with teachers, researchers, and administrators—
in classrooms, at meetings and conferences, and over the telephone and electronic mail. OTA also con-
vened two focus groups of teachers and held a workshop about lessons from research projects on
technology in schools.

OTA also drew upon a range of other sources. Much of the background information for the study came
from research contracted by OTA (see appendix F), including a series of in-depth interviews with average
teachers regarding their experiences with technotogy,! a survey of faculty and recent graduates of col-
leges of education regarding technology use in preservice teacher education,? a research review of tele-
communications networks,3 and a review of past and current federal programs and support for teacher
development and technology.4 A series of OTA-contracted case studies iooked at exemplary approaches
to training teachers about technology use at the preservice and inservice level.> OTA contracted for two
other research reviews: an analysis of trend data from several surveys about school acquisition and use of
new technologies.® and a review of state policies related to technology in K-12 education.”

Some of these research strategies yielded statistical data. Others produced information that was mostly
descriptive or anecdotal on such issues as teachers’ perceptions of the role of technology in their teaching
and the factors that encourage or inhibit their technology use. By combining quantitative and qualitative
information, OTA has tried to present a multifaceted picture of teacher experiences with technology.

As with all OTA reports, the project was guided by an advisory panel made up of experts and stake-
holders in the fieid: teachers, principals. and district, state, and school board personnel; college of educa-
tion faculty; representatives of teacher unions and professional organizations; hardware, software, and
business representatives; and telecommunications and media experts. The advisory panel met twice, at
the beginning of and near the end of the research phase of the project, and helped define the research
questions and interpret the information. In addition, dozens of individuals reviewed drafts of and contrib-
uted to this study (see appendix D). Although every panel member and reviewer may not agree with all the
findings or policy options in this report, the panel's and cther reviewers' guidance and direction were criti-
cal in shaping its final form.

1 Melinda Gniffith, “Technology in Schools Hearing from the Teachers, " Office of Technology Assessment, contractor report. Octo-
ber 1993.

2 Jerry Willis et al., *Information Technologies n Teacher Education” Survey of the Current Status,” Office of Technology Assess-
ment, contractor report, March 1994,

3 TERC, "Review of Research on Teachers and Telecommunications,” Office of Technology Assessment. contractor report. May
1994

4 Nancy Kober. “Teachers and Technology: The Federal Role.” Office of Technology Assessment, contractor report, May 25,1994

5 John B. Mergendoller et al , "Case Studies of Exemplary Approaches to Trainng Teachers toUse Technology.” Office of Techno!-
ogy Assessment, contractor report, May 1994

6HenryJ Becker. “Analysis and Trends of School Use of New Techriiogies.” Office of Technology Assessment. contractor report.
March 1994

7 Ronald E Anderson, “State Technology Activities Related to Teachers,” Office of Technology Assessment. contractor report.
Nov. 15, 1994
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promising that new technologies will reform
education and change schools as we know them.

Making the connection between technology
and teachers—helping the 2.8 million teachers
in public and private kindergarten-through-
twelfth-grade (K-12) schools effectively incor-
porate technology into the teaching and
learning process—is one of the most important
steps the nation can take to make the most of
past and continuing investments in education-
al technology. It is central to the ultimate goal fos-
tered by these investments: not just helping
students become competent users of technology,
but helping them become more accomplished
learners overall.

This report seeks to underscore the connection’

between teachers and effective implementation of
technology in schools.

TEACHING AND TECHNOLOGY:
THE POTENTIAL

“You wouldn’t want a doctor to remove your
gall bladder without the latest technology and
the skill to use that technology, would you? It's
the same with teaching. [Teachers need tools,

skills]. . .it's a profession.”
Rusty Sweeny, algebra teacher, Piscataquis
Community High School, Guilford, ME

OTA has seen the promise of technology come
to light in school districts throughout the country.
where many teachers are using technology to
teach their students. Some have found it to be a
catalyst to support school reform, stimulatc new
teaching methods, and even redefine the role of
teachers. But it is not only in the rcalm of dircct
student contact that technology has benefited
these teachers. Many other aspects of a teacher’s
job—-preparing materials, developing lessons. as-
sessing student progress, enlisting parent partici-
pation, keeping up with advances in pedagogy and
content. and participating in the professional com-
munity—can be accomplished with technology.,
often more casily and cfficiently. When teachers

discover ways that technology can strengthen
their teaching, help them carry out administrative
tasks, and enrich their professional growth,
technology starts to make sense to them. It canbe &
resource for improving the preparation of new
teachers as well. However, there are also many
teachers who have not seen this potential, teachers
whose use of technology is marginal, limited, and
unenthusiastic. The stories and experiences of
both these groups suggest lessons for policymak-
ers. Table 1-1 summarizes the potential that
technology offers to schools and teachers.

N Improving Teaching with Technology

OTA has found many examples throughout the na-
tion of how technology can help teachers with all
parts of their jobs. First and foremost, teachers
want to ensure that their students arc learning. If
technology can be a resource to enhance student
achievement and interest in learning, teachers are
more likely to invest the time and energy to leamn
to use it in their teaching. However, the relation-
ship between technology and student leaming is
too often framed as a seemingly simple question:
is teaching with computers and other technologies
better than teaching without them? Clearly, com-
puters “cannot change leaden instruction into
2old.”® and there remain numerous questions
about how, when, and how well alternative
technologies contribute to student learning and
achievement. Issues related to measuring the im-
pact of various approaches to teaching, including
the use of new technologies on student learning
are complicated and beyond the scope of this
study (see box 1-4). This report’s analysis of the
potential of technologies for improving teaching
and learning focuses on two aspects of the teach-
ing-learning continuum: teachers’ perceptions of
how new technologics help them improve their
instruction and how they see their classrooms
changing as a result.

Many technology-using tcachers find that
technology can help them improve student lcarn-

% James Bosco, Western Michigan University. personal communication, August 1993,
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-+ BOX 1-3: Techriologies in U.S. Schools: Definitions and Availabilly

What are the technologies available in U.S. schools today and how are they used? Following is a brief
outline of some technologies found in schoois and the potential impact of those technologies on teachers
and students.

Computers

A computer is a programmable, electronic machine that can store, retrieve, and process data. Desktop
computers are sometimes called microcomputers because they have a single integrated circuit known as a
MICTOProcessor.

During the last three years, the total n.  “er of computers in schools has risen by about 18 percent
annually and, based on those projections, there will be an estimated 5.8 million computers in U.S. schools
by spring 1995. That translates to approximately one computer for every nine students. There is enormous
variability in student-computer ratios (computer density) from school to school and across states. The
greatest disparities are found between small schools (enroliments of 300 or less) and large schools (enroll-
ments of 1,000 or more); schools with fewer students tend to have more computers per student.

Still, sheer numbers of computers do not indicate real access or use. For example, although 35 percent
of alt U.S. public schools have access to the Internet, only 3 percent of instructional rooms (classrooms,
labs, and media centers) are connected. Mary factors dictate technology use, but the age and power of
the technology seems to be a prevalent influence in K-12 schools. As of 1982, one-half of the computers
used for K-12 instruction in the United States were older, less-powerful Apple I models, yet most software
and apptications currently being developed today cannot run on these machines.

Two-Way Communications

Two-way communications that allow teachers and students to share and receive ideas with others out-
side their immediate classroom are an important aspect of telecommunications networking. For basic two-
way communications, telephones and modems are staple equipment. Currently, though, only one teacher
in eight has a telephone in the classroom that can be used for outside calls. In addition, less than 1 percent
of teachers with telephones have access to voice mail, which is a useful too! to leave or retrieve messages
when parents, administrators, or other teachers are hard to reach during the school day.

Amodem is a device that allows computers to communicate electronically across telephonelines by con-
verting digital computer signals into analog format for transmission. In recent years, schools have begun
installing more modems for teacher use: in 1989 one-fourth of U.S. schools had a modem that could be used
by teachers or students, and by 1992 the figure had grown to 38 percent of all schools, although more high
schools (60 percent) had modems than middle schools (35 percent) or elementary schools (33 percent).

Telecommunications Networking

Telecommunications networking includes the Internet and other means of accessing shared commu-
nications systems that support digital communications among connected computers.

Local area networks (LANs) link computers and peripherals (e.g, printers) within a limited area, often a
classroom or building. Wide area networks (WANS) connect computers over greater distances, such as
building to building, city to city, and so on. Overall, 75 percent of public schools have computers with
some networking capabilities—either LAN or WAN access—and of those schools, 40 percent report that
machines with these capabilities are located in classrooms;! 71 percent say they are located in administra-

! Many schools responding to the survey reported access in more than one location U S. Department of Education, Advanced
Telecommunications in U § Pubhc Schools. K-12 (Washington, DC U S Department of Education. OERI. February 1995), NCES
95-731

(continued)
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. BOX 13 (cont'd.): Technologies in U.S. Schools: Defiritions arid Availabiliy -

tive offices; 62 percent, in library/media centers; and only 15 percent in teacher workrooms. Electronic

mail (e-mail) is the most common use of telecommunications reported by teachers who are accom-
plished telecommunications users.2

The Internet

The internet is an international collection of interconnected electronic networks and a set of protocols for
communication between computers on these networks. The protocols also include a large and growing list
of services that can be provided or accessed over the Internet.

Of the schools reporting networking capabilities, 49 percent have WANSs; 35 percent of those have ac-
cess to the Internet, and 14 percent have access to other types of wide area networks, such as America
Online, CompuServe, or Prodigy. Of those with Internet access, on average, only 3 percent of schools have
access in instructional rooms (classrooms, library/media centers, computer labs). This means students
and teachers typically do not have access to Internet services.

Television/Video

Nearly every schoo! in the country has at least one television set for instructional use. Video is the most
common technology used for instruction in schools, from sources such as direct broadcast and cable tele-
vision and satellite (distance learning). As of 1991, the typical school had seven television sets and six
videocassette recorders, which teachers typically use to record and show students commercially broad-
cast educational programs. While the use of more interactive video resources, such as camcorders, video-
discs, and CD-ROM is growing, these are not used with as much frequency in schools.

Broadcast television (national networks, such as NBC, CBS, ABC) is received by 70 percent of all pub-
lic schoots (61 percent of schools receive PBS). Eighty-three percent of those schools report that broad-
cast access is available in classrooms, and 84 percent report access in the library/media center.

Cable television (subscription television, such as CNN, the Discovery Channel, The Learning Channel)
is available in 74 percent of all public schools, and 70 percent of those schools say access is avaiiable in
classrooms, while 85 percent report access in library/media centers.

Closed-circuit television (neither broadcast nor cable, but in-house transmission on noncommercial
lines) is only available in 25 percent of schools, but 94 percent of those schools say classrooms have ac-
cess, and 89 percent report access to closed circuit TV in library/media centers.

2Margaret Honey and Andres Henriquez. Telecommunicationsand K-12 Educators: Findings Fiom A National Survey (New York:
Center for Technology in Education, Bank Street College of Education, 1993).

SOURCE Office of Technology Assessment, 1995, based on Henry J. Becker, “Analysis and Trends in School Use of New Technolo-
gies,” Office of Technology contractorreport, March 1994, also. Advanced Tefecommunicationsin U.S Public Schools. K-12, National

Center for Education Statistics NCES 95-731 (Washington, DC: U S. Department of Education. OERI. February 1995). see alsochap-
ter 3 of this report

ing and motivation, address students with differ- = Students engaged in a group problem-solving
ent learning styles or special needs, expose project based on a software or video simulation
students to a wider world of information and ex- are learning to work as a team, develop exper-
perts, and implement new teaching techniques. tise in specific areas, become more confident

There are many examples of how technology has learners, and weigh the merits of several pos-
enhanced teaching: sible solutions.
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Teachers involved in an international telecom-
munications project find their students acquir-
ing a new inierest in geography, and bonding
with students across the globe or in the different
world that exists even on the other side of town.
With graphing software, students appear to de-
velop a deeper understanding of mathematical
concepts for which they had learned the formu-
las but had not applied consistently.

Special education students, mainstreamed into
regular classrooms, work on a more equal basis
with their classmates when a computer speaks
for them, gives them big print, or adjusts to
their difficulties.

Students who were on the verge of dropping out
take a new interest in school when, as part of a
class project, they interview other students
with camcorders and create daily news shows.
Using CD-ROM,, students research a multir.’e-
dia term paper, evaluating resources from print,
video, and audio media.

After the teacher downloads satellite pictures
of daily weather patterns, students use a net-
work to compare their weather data with weath-
er data reported by students around the country,
analyzing trends and predicting likely condi-
tions.

A scientist working on cancer research can
come online and advise a student setting up a
science project on molecular biology.

These kinds of experiences, while far from the
norm in schools today, can and do occur in class-
rooms with access to technology and a teacher
who can skillfully guide its use. In most of the
above examples, teachers find that their students
are doing more than learning generic technology
skills or subject-specific technology applications.
Rather, they see them developing the kinds of
skills and competencies that numerous reform

Chapter1 Summary and Policy Options | 11

Teachers find that using technology can encourage students
to take more responsibility for their learning, to learn to work
cooperatively, and gain experience in acquiring, evaluating,
and using iriformation in various forms.

panels have encouraged as essential for all high
school graduates—problem-solving skills; broad-
er scientific literacy and mathematical under-
standing; strong communication skills; personal
responsibility, integrity, and initiative; and skills
and competencies for the workplace. These work-
place competencies include working with re-
sources, acquiring and evaluating information,
working with others in groups or teams, under-
standing complex relationships and systems, and
using a range of changing technologies.? Al-
though these skills can be developed without
technology, technological tools can help teachers
structure, organize, or enhance the activities that
facilitate the development of these skills.
Accomplished technology-using teachers indi-
cate that using computers has changed their teach-

9 See, ¢.g.. Secretary s Commission on Achieving Necessary Skills, op. cit. fot.atote 4; Anthony Patrick Carnevale, America and the New
Economy (Washington, DC: American Society for Training and Development. 1991), nd William B. Johnston and Arnold H. Packer, Work-
Sorce 2000 (Indianapolis. IN: Hudson Institute, June 1987).
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: TABLE 1-1:

Teachin and Technology: The Potential -~

Changing teaching and leaming

Enhancing professional development »

. I

A

Preparing new teachers

SOURCE C!hcc of Technology Assessrﬁenl, 1995-
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Resources for teaching abstract concepts, complex systems, problem
solving—and basic skills

Resources for group work and collaborative inquiry

= Adaptable to various student learning styles and special needs

Teachers report they:

—Expect more of students

—Are more comfortable with students working independently
—Present more complex materials

—Tailor instruction more to individual needs

—Adopt new roles, more “guide on the side” than "sage on the stage”
—Spend less time lecturing, so classrooms are more student-centered

Preparing fesson plans

Online databases, CD-ROMs, videodiscs, and cther electronic sources
help teachers create, customize, and update lessons.

Tracking student progress

Gradebook programs and databases to update student profiles and
maintain records.

Communicating

Telephone, voice mail, e-mail to contact parents, other teachers, or
administrators to plan meetings, discuss student and administrative
concerns.

"Just-in-time" training and support
Satellite, video, cable, or computer access to new ideas, master teachers,
and other experts for training and followup.

Formal courses and advanced degrees
Distance learning technologies for courses not available locally.

Informal educational opportunities °
Online contact with teacher colleagues and other experts. )

Models of effective teaching

Video can take prospective teachers into classrooms to watch effective
teachers in action.

Computer and video simulations and case studies

Give prospective teachers practice solving teaching challenges in & nori-
threatening environment.

Electronic networks

Minimize isolation during field experiences, provide support and interac-
tion with college faculty or mentors.



ing.!® Among the changes teachers reported were
that they expected more of students, became more
comfortable with students working independent-
ly, presented more complex material, tailored
instruction more to individual needs, and spent
less time lecturing and more time overseeing
small groups or working one-on-one wijth stu-
dents (see chapter 2, box 2-1). Some teachers sug-
gest that using technology has meant they are
transforming the educational process—their cur-
riculum and classroom organization. These teach-
ers report that, ultimately, they see a change in
their roles as they become more like coaches, en-
couraging, guiding, and facilitating student learn-
ing, and students assume more initiative and
responsibility for their own learning. While not all
teachers want to make this transition from “sage
on the stage to guide on the side,” many find it ex-
hilarating.

I Assisting with Daily Tasks of Teaching

Teachers perform a wide variety of duties in addi-
tion to being instructional leaders, including pre-
paring lesson plans and instructional materials,
keeping and transmitting records of student prog-
ress, attending school meetings, meeting with par-
ents, and staying abreast of the profession. Yet
schools rarely consider the role of technology in
assisting teachers with the many parts of the job
that go on when the students are not present. And
few schools have contemplated how teachers
could use their time differently or how teaching
personnel could be assigned more flexibly (e.g.,
teachers working with small groups of students
for some parts of the day, large groups at other
points) is teachers were freed from mundane tasks
that technology could handle.!!

Technology can assist teachers with daily acti-
vities in many ways:

Chapter1 Summary and Policy Options |13

* With electronic gradebook software, teachers
can keep and more easily update running grad-
ing histories and profiles for every student and
counsel them about problems as soon as they
occur.

s Teachers can videotape student presentations to
evaluate and maintain records of student per-
formance as a part of assessment activities.

* By accessing an electronic database, a teacher
can quickly locate a host of current materials
relevant to next week’s science lesson.

s A teacher can retrieve a voice mail message, at
a convenient time, about a change in the time
of a parent conference.

» Teachers can plan meetings with other teachers
online and save time in coordinating multiple
schedules.

OTA has observed that, as teachers develop ex-
pertise in these administrative applications, confi-
dence grows, encouraging them to try additional
applications to meet instructional and profession-
al development goals.

1 Enhancing Professional Development
for Today's Teachers

Teachers are leamers too. They take courses,
workshops, and other forms of training to fulfill
recertification requirements, learn new instruc-
tional methods, or keep up with changes in their
specialties. However, the current approach—typi-
cally a short inservice course on a specific topic in
whicha large group of teachers are gathered in one
place foran “injection” of training—is limited and
often disliked by teachers, administrators, and
parents alike. For example, a school district may
gather elementary school teachers from across the
district to spend a morning learning about a new
strategy for teaching reading. This “one-size-fits-
all” model of training is rarely used in other pro-

10 Karen Sheingold and Martha Hadley, Accomplished Teachers: Integrating Compuaers into Classroom Practice (New York, NY: Center
for Te« hnology in Education. Bank Street College of Education, September 1990).

11 See. e.g., Margarct Riel, *"The Future of Teaching, ™ contractor report prepared for the Office of Technology Assessment, U.S. Congress,

Washington, DC, Jan. 12. 1994,
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"BOX 1-4: What Difference Does Educational Tectnology Make?

When a technology is introduced in education, many people wani to compare its effectiveness with that
of existing methods of instruction. In the 1960s and 1970s, a number of studies compared learning via
radio and television with learning via classroom lectures or textbooks. More recently, many studies have
been conducted comparing computer-assisted instruction with more traditional methods of instruction.
These studies have consistently demonstrated that computer-assisted instruction technologies are either
equivalent or superior to conventional instruction.! Meta-analyses, which examine the results of many stud-
ies and aggregate their combined effects, show effects that range from .26 to .66 standard deviations,
which represent a sizable improvement on many achievement measures as well as positive attitudinal ef-
fects.2 Small, but growing, numbers of studies have begun to examine effects of newer technologies such
as videodisc or telecommunications networks.

Several factors belie simplistic approaches to the important but complex questicn of effectiveness.
These issues include:

+ Conceptual factors—are researchers, parents, teachers, and policymekers asking the right
questions and interpreting available research correctly?

+ Methodological factors—is the research designed well enough to answer questions of effective-
ness? and

« Timeliness factors—with rapid advances in technology, including rapid obsolescence of yester-
day's "new" technologies. do the research resuits tell interested parties what they need to know
today to plan tomorrow's classroom uses of technologies?

Conceptual Issues. In general, many available studies of the effectiveness of educational technologies
can be thougnt of as "horse race” studies because, when interpreted too simplistically, they are expected
1o provide evidence that one technology can "beat" another by showing that students “learn more" when it
is used.3 This approach can be misleading.? Whenever a new educational treatment is tried its effects are
not just attributable to the technology (e.g.. computer, video, books) but also to the particular content (e.g.,
subject matter, targeted skills) and pedagogical approach(e.g., software, teaching materials, teachers, and
classroom environment). The type of learner (e.g., age, previous achievement, special needs) also in-
fluences the effects of these other variables on fearning. In other words, it is not the effects of the technolo-
gy by itself that are analyzed in these studies, but the aggregated effects of how the technology fs being
used in the classroom context. Available and future research should be interpreted with an eye to these
factors, which can attenuate or enhance the effects of particular technologies.

' See.eg.C Kulkand J A. Kulik, “Eftectiveness of Computer-Based Instruction An Updated Analysis.” Computers i Human
Behavior, vol. 7, pp 75-94, John Pisapia and Stephen M Periman, “Learning Technologies in the Classroom A Study of Results’
(Richmond. VA Metropolitan Educational Research Consortium, Bec. 1992); Alice Ryan, "Meta-analysis of Achievement Effects of
Microcomputer Applications in Elementary Schools.” Educational Administration Quarterly. vol 27.No. 2, May 1991, pp 161-184,
Interactive Educational Systems Design. Inc , Report on the Effectiveness of Technology in Schoofs, 1990-1994 (Washington. DC-
Software Publishers Association. n d.).

2 Mark W. Lipsey and David B. Wilson, “The Efticacy of Psychological. Educational. and Behavioral Treatment Contirr ~tion from
Meta-analysis,” American Psychologist. Decernber 1993, Effect size (ES}is a measure of the difference between a control group that
did not use the technotogy and the treatment group that did. ES 1s expressed in standard deviation units "AnES of 17is quite small
and unimportant, whereas an ES of 33 is modest butimportant Tointerpret the numbers more easily. they can be converted to per-
centiles Forexample, an effect size of 33 means that the treatment group would be atthe 63rd percentile compared with the controi
group at the 50th percentile * (J Johnston, Electronic Learning, 1987, p 50)

3IBarbara Means et al , Using Technology to Support Education Reform (Washington DC U S Government Printing Office. Sep-
tember 1993).p 73

‘Meansetal.op cit . footnote3. AnnD Thompson, MichaelR Simonson.and Constance P Hargrave. Educational Technology A
Review of the Rescarch (Washington, DC Association for Educational Communications and Technology. 1892)
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~ BOX.1-4 (cont'd.): Whit Difference Does Ed'uéa'ti:oha:l:Technol'b'gy-Maké?%;:-"-:'_'- S

Methodological Issues. [t is important to note that there are several basic factors frustrating research-
ers, teachers, and policymakers looking for simple yes or no answers about technology's effectiveness.
One is the overall context of real world educational research. As one researcher noted, “Schools are messy
and noisy environments for research, far from the pristine, controlled setting available in the research labo-
ratory, the model on which most quantitative evaluation studies are based."S Comparable comparison
groups are scarce; interventions with technology are usually a part of broader interventions that also influ-
ence outcomes; and difierent treatments for experimental and control groups run coi - .2r to a teacher's
impulse to treat all students equitably.

A second major flaw in the existing research is the lack of good outcome measures for assessing the
impact of technology-based innovations. Most of the research to date relies on existing measures of stu-
dent achievement (e.g., standardized achievement tests). Although there are many promising efforts to
broaden the kinds of indicators that can be used to assess student achievement, these are not yet in wide-
spread use.® New achievement measures would assess areas that many believe can be particularly af-
fected by using new technologies (e.g., higher-order thinking). Also key, however, is the need to include
outcomes that go beyond student achievement, because student achievement may be affected by stu-
dents’ attitudes about themselves, school, and learning, and by the types of interactions that go on in
scheols. For example, some research has documented the positive effects of computer-assisted instruction
on students attitudes about school and learning.” Also promising is recent research that suggests that
technology-based innovations can affect student self-concept as weil as interactions between students and
teachers in the classroom environment.8 Technological changes are likely to be nonlinear, and technologi-
cal changes may show their impacts not only on student learning, but also on the curricula, the nature of
instruction 2 the culture of schools, and the fundamental ways teachers do their jobs.

Timeliness. The rapid pace and the potentially high cost of some technological changes!© create a
dilemma for the typically slower pace of careful research. Policymakers-—and taxpayers—faced with de-
ciding whether to invest miliions of dollars m an information infrastructure typically want to know whether
their investment will be worth the increased financial burden (assuming technology does not replace exist-
ing methods). For example, they will want to know whether what is on the “"information superhighway" will
really help their children achieve, whether putting a telephone on every teacher's desk will really improve
parent-teacher communication, or whether investing in new personnel to provide “just-in-time" support for
technology-using teachers will enhance the instructional capabilities of existing technology investments.
Equally reasonable seem the frustrations of those who have experienced the promise of particular educa-
tional technologies in small experimentat programs (e.g.. downloading real-time information on weather
data from satellites for science lessons). By the time the external evidence has been compiled, "proving”
that technology integration works and districts are ready to commit to purchases of the appropriate hard-
ware and software, the technology that has been researched may be obsolete and a golden opportunity to
use it for current students will have been lost.

"JoanO Herman. "Evaluating the Effects of Technology in School Reform,” Technology and Education Reform The Reality Be-
tind the Prormise. Barbara Means (ed ) (San Francisco. CA. Jossey-Bass Publishers. 1994). p 145

6See Testing in Anenican Schools Asking the Right Questions, OTA-SET-519 (Washington DC U S Government Printing Office,
Feb.aary 1992)

" Thompson et al . op cit . footnote 4

8J Swin-KachalaandEllenR Bialo Reportonthe Effectiveness of Technology in Schools 1990-1994 (Washington.DC Software
Fubhshers Association. nd)

9 Jerome Johnston. Electronic Learning From Audiotape to Videod'sc (Hillsdale, NJ Lawrence Erlbaum, 1987)

10The costs of educationaltechnotogies are not known with certainty What is known s that they will vary considerably depending
on an array of factors See section or. "Costs" later in this chapter

(continued)
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B'OX' 14 (com"d'.i).: What Différen’cé 'D}oe's' Educati_(')-hal'Te.cjhnSIOgy:Make?- '

Directions for the Future. Although there are some promising studies, more research on the broad
variety of educational effects of technology is needed. A more fruitful research approach than merely ask-
ing whether a particular technology works is to ask about the “value added" to instruction when technology
is present in schools; in other words, when, why, and how do technologies improve teaching, professional
development, and, uitimately, learning for children? increasingly, researchers are concentrating their efforts
on this type of more contextualized research—studying how complex-technology-based innovations “work"
in real classroom settings over time. Such research can help to determine how technology environments
can best be designed to support student learning and what approaches to instruction work best in con-
junction with various types of technologies for what kinds of subject matter. The role of the teacher in imple-
menting and facilitating student learning in such environments is an important focus of such studies. !
Additional research models are needed to deepen understanding about which instructional uses of technol-
ogy are most effective and under what circumstances, and how teacher interactions with technology play
into this effectiveness. By taking a more contextualized approach, research can help schools, parents,

teachers, and policymakers understand the necessary steps to diffusing and continuously refining educa-
tional technologies in the schools.

11 For examples of this kind of research see A.L.. Brown. “Design Experiments’ Theoretical and Methodclogical Challenges in
Creating Complex interventions in Classroom Seitings.” Journal of the Learring Sciences. vol 2. No. 2, pp. 141-178, Cognition and
Technology Group at Vanderbitt, "The Jasper Experiment: An Exploraton of Issues in Learningand Instructional Design.” Educational
Technology Research and Development. vol 40, pp. 65-80, 1892.

SOURCE: Office of Technology Assessment, 1995

fessions, and, although it may be efficient for such as how to apply the California history and
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school districts, many suggest it is not the most cf-
fective way to encourage teachers to learn new
skills or teaching approaches. It appears to be a
particularly ill-chosen method for encouraging
teachers to use technology, where hands-on train-
ing with the hardware and software, curriculum-
specific applications, and followup support are all
necessary.

OTA has found examples of how technology
can provide teachers with “just-in-time training
and support” when and where they need assistance
in many curricular areas. Itcan transcend the walls
of isolation that separate teachers and extend for-
mal and informal learning opportunities. The fol-
lowing are some examples:

» Without leaving their school buildings, teach-
ers from across the 90 school districts in
sprawling Los Angcles County can participate
in a satellite staff development course on topics

social science framework in lessons in their
classrooms.

= School counselors from across Wyoming meet
regularly over a compressed video network to
discuss student truancy and behavior problems.

» A special education professor at the University
of Northern Iowa offers courses to teachers
throughout the state over the Iowa Commu-
nication Network. With this fiberoptic net-
work, teachers at each site can see and heareach
other as they develop skills for adding the certi-
fication credits that will enable them to teach
students with moderate, severe, and profound
mental disabilities.
Mathematics teachers use a computer network
to discuss the mathematics teaching techniques
they have observed through video presenta-
tions in the Mathline project sponsored by the
Public Broadcasting System.

©y
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Using cable television, teachers from remote
locations around the country can take courses
leading to a masters in cducational technology
degree from George Washington University in
Washington, DC.

In examples like these, technology can be the
vehicle for providing teachers access to new ideas,
master teachers and other professionals beyond
their school setting, in both formal and informal
courses and enrichment activities. It can also pro-
vide the support teachers need after a course ends,
as they apply and refine in the classroom the les-
sons and techniques they have learned.

I Preparing New Teachers with
Technology

In colleges of education where technology is an
integral part of the teacher education preservice
program, technology has been used not just to
train prospective teachers about technology, but
also as a resource to enhance the overall teacher
preparation experience. For example, live broad-
casts, tapes, video networks, CD-ROMs or video-
discs can provide teacher education students with
case studies or models of effective teaching. Fur-
thermore, technology—whether computer or vid-
eo networks—can create closer connections
among student teachers, college of education fac-
ulty, and mentor teachers in K-12 classrocms,
whether in lab schools or professional develop-
ment schools closely allied with colleges of
education, or in more traditional student place-
ment activities. Electronic networks can provide a
safety net for communication, sharing knowl-
edge, and experience for student teachers in the
field, as well as for new teachers launching their
careers. The loneliness and anxiety common to
teachers’ first teaching experiences can be miti-
gated through contact with professors and peers
via electronic networks. The following are exam-
ples of ways technologies have enriched preser-
vice teacher education:

» Teacher education students at the University of
South Carolina appreciate what students with
language learning disabilities might experi-
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The use of technology in teacher preparation programs is
limited, but it can enhance the overall preservice experience.

ence when dealing with text by working with a
software simulation called “The Language
Mangler.” Another simulation serves as a sur-
rogate field observation, enabling prospective
teachers to observe, critique, and discuss ways
teachers handle students with special needs in
a variety of settings.

At the Peabody College of Education at Van-
derbilt University, teacher education students
review CD-ROM discs that contain video cases
of mathematics teachers working with stu-
dents. Teacher education students can cach
have copies of the inexpensive CD-ROM discs,
play them on computers supplied with CD-
ROM drives in dorms and on campus, and re-
view teaching techniques individually or in a
group. They add notes and observations on ac-
companying software that serves as an elec-
tronic notebook, which instructors then collect
electronically for grading and return.

All the schools in which the University of Vir-
ginia’s Curry School of Education preservice
students spend their intemnships are linked to
Virginia’s Public Education Network, permit-
ting the teaching intern, the supervising teach-
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er, and the faculty at the Curry School to confer
via the electronic network throughout the
teaching internship.

At the Price Lab School at the University of
Northern lowa, a fiberoptic network linking the
college and the lab school enables teachers in
any of the 48 classrooms at the lab school to
ship video to teaching methods classes. Teach-
er education students see lessons related to top-
ics they are discussing in their courses and,
with two-way video and audio, talk to the
teacher after they see the lesson and hear the
teacher’s on-the-spot analysis of what worked
and what was problematic in that lesson. Since
most lab school faculty use technology in their
classes, the teacher education students can see
effective modeling of technology use via
technology.

University of Wyoming students conducting
student teaching meet via a compressed video
system with their supervising faculty member,
collaborating teacher, and clinical supervisor as
often as neccssary to discuss problems and
questions arising out of student teaching expe-
riences.

TEACHERS AND TECHNOLOGY:
THE BARRIERS

While promising, the above examples of what
technology can do are far from the reality in
many schools, in colleges of education, or in the
daily teaching experience or professional de-
velopment of the typical teacher. There are a
number of common barriers to more widespread
use of technology by teachers (see table 1-2):

» First, there is the question of access to appropri-
ate technologices. The question of access is also
tied to problems of costs.

» Although most teachers see the value of stu-
dents learning about computers and other
technologies, many teachers lack a clear under-
standing about what resources technology can
offer them as they try to meet their instructional
goals.

As do most users of emerging technologies,
many teachers encounter technical and logisti-
cal problems they cannot solve themselves and
often lack the training and support necessary to
resolve the problems.

Many feel the need for more knowledge—not
just about how to run the machines—but about
what software to use, how to integrate itinto the
curriculum, and how to organize classroom ac-
tivities using technology.

The current assessment system, if it relies
heavily on standardized achievement tests, can
also be a barrier to experimentation with new
technologies because teachers are not sure
whether the results they are seeking will be re-
flected in improved student test scores.

In addition, issues created by technology itself
are also factors to be dealt with, including those
related to copyright and intellectual property
rights, privacy of student records, and control
of student access to objectionable materials.

B Access Issues
Equipment
One basic prerequisite for effective teacher use of
technology is access. Schools have made substan-
tial investments in hardware and software over the
past several years, increasing their technology in-
ventories (see box 1-3). OTA finds that, despite
past investments in technology, many schools still
lack the basic technology infrastructure to support
the most promising applications of educational
technology. About half the computers in U.S.
schools are older, 8-bit machines that cannot sup-
port CD-ROM-sized databases or network inte-
grated systems or run complex software. This
aging inventory limits the ability of many teachers
to use some of the most exciting applications of
computers—information gathering from net-
worked databases or CD-ROM encyclopedias,
desktop publishing, mathematics instruction us-
ing analytic graphing and calculating software,
and collaborating in joint projects over networks.
Some schools do not always make the most of
the equipment they already have, and some do not
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Teachers need time to:

Experiment with new technologies.
Share experiences with other teachers.

Plan and debug lessons using new methods that incor-
porate technologies.

Attend workshops or training sessions.

In addition to limited hardware and software, other factors
affect access:

Costs are high for purchasing, connecting, and training
to use technologies.

Technologies may not be located in or near the class-
room.

Hardware in schools today is old (50 percent of com-
puters in schools are 8-bit machines) and cannot han-
die many newer applications.

New or additional wiring or phone lines are necessary
for telecommunications networks.

Schools must have plans, and teachers a clear under-
standing of curricular uses of technology.

Itis difficult to keep up with the rapid rate of technology
development and changing messages of best use.

Teachers lack models showing the value of technology
for their own professional use.

Overall, districts spend less than 15 percent of their
technology budgets on training, but they spend 55 per-
cent of the budget on hardware and 30 percent on
software.

Technology training today focuses primarily on the me-
chanics of operating equipment, not on integrating
technology into the curriculum or selecting appropriate
software.

Only 6 percent of elementary and 3 percent of second-
ary schools have a full-time, school-level computer
coordinator for technical support.

Existing standardized measurements of student
achievement may not reflect what has been learned
with technology.

Teachers are held immediately accountable for changes
that take time to show resuilts.
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" FIGURE 1-1: Requirements for Efiective - .
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SOURCE: Office of Technology Assessment. adapted from Jane L. Da-
vid, "Realizing the Promise of Technology: Policy Perspective” in Bar-
bara Means (ed.). Technology and Education Reform {San Francisco:
Jossey-Bass Publishers, Inc., 1994), pp. 169-189.

always locate technology in the most accessible
places. Most computers are still in labs rather than
in classrooms, and modems may be located on a
central computer in the principal’s office, making
it hard for teachers to use them during the course
of a day. Thus, it is not surprising that computers
are not used very often (about two hours per stu-
dent per week, according to coordinators; less, ac-
cording to the students). Thcy are not used
regularly in the teaching of academic subjects—
only 9 percent of secondary school students re-
ported using computers for English class, 6 to 7
percent for a math class, and 3 percent for a social
studies class. The most common uses of comput-
ers are for basic skill practice at the elementary
level and word processing and other computer-
specific skills in middle and high schools. Other
uses, such as desktop publishing, developing
math or science reasoning with computer simula-
tions, gathering information from databases, or
communicating by electronic mail (c-mail) are

much rarer. And, despite the growing interest in
connecting schools with information resources
like the Internet, most school districts with local
area networks do not always configure them or use
them for the most up-to-date applications.

Furthermore, a majority of schools are ill-
equipped to take advantage of the potential pres-
ented by telecommunications networks. Fewer
than one teacher in eight has a telephone in the
classroom that can be used for outside calls. More-
over, most schools lack the connectivity, adminis-
trative and organizational support, and technical
expertise needed to integrate networks into teach-
ing and learning.

OTA finds that it is necessary to consider a
new definition of what constitutes “access” to
technology by teachers and students. Counts of
equipment, student-computer ratios, dollars spent
and requirements, while important, alone are not
sufficient to define meaningful access to technolo-
gies. It is appropriate rather to consider infrastruc-
ture in a broader sense: type of technology
(including older but overlooked resources such as
the telephone), age, capacity, connectivity, soft-
ware, and services. Organizational arrangements
—the placement and flexibility of technology—
also affect the ease of use by teachers and students.
For example, a cart of laptop computers that can
be moved anywhere in a school may be used much
more often than a computer lab far from the class-
room. An additional component of a new defini-
tion of access includes the kinds of support
teachers need to use the infrastructure effectively:
exposure to innovative uses, flexible *just-in-
time” training, and ongoing technical support and
expert advice.

If access to technology is an equity concern,
then the definition should be expanded to encom-
pass access to necessary information. Telecom-
munications and networking technologies, in
particular, may create incomparable opportunities
for teachers and students to gain immediate access
to information. Combined with hardware like CD-
ROM players, the excitement and power of video
can be combined with the information transmis-
sion power of the computer and communication
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capabilities of high speced networks. Connectivity
is likely to become the major technology issue of
the next several years. Major investments of time
and other resources will be required to prepare
schools to effectively access the information and
electronic communities telecommunications can
provide.

Costs

As new technologies. new opportunities for in-
creased levels of connectivity, and educational
applications emerge, those concerned with ex-
panding the use of technology in schools and by
teachers have turned their attention to the issue of
cost.!2 The cost of any new initiative is always an
issue for elementary and secondary education,
which is funded almost exclusively by a combina-
tion of state and local taxpayers. Some have sug-
gested, however, that there be greater roles for the
federal government, private businesses, or some
combination to ensure that schools obtain new
technologies. These suggestions have stimulated
the Congress to direct the U.S. Department of
Education (.=D) to estimate costs on a national ba-
sis.!3 The ED estimate, to be developed by the
Rand Corporation under contract to ED, was not
available at the time this report was prepared. Pre-
vious attempts at rough estimates, at the state and
national levels, can be informative in illustrating
the range of costs—and the range of uncertainty—
involved.

States vary greatly in their installed base of
technology, their technology plans and goals, and
the numbers of students served (sec chapter 3, fig-
ure 3-5). Consequently, states will require varying
levels of funding to meet these goals. For all
states, however, substantial commitments will be
required.
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The costs of technology are a major hurdle for many schools.

Table 1-3 estimates installation and operating
costs of selected telecommunications technolo-
gies. The table is based on rough estimates by
OTA of'the costs of installing telephone lines in all
U.S. classrooms, and by projections made by two
economists'4 based on various configurations for
connecting schools, school districts, and/or class-
rooms. Analysis of the estimates suggests that at
the national level and depending on a variety of
factors:

= estimated one-time installation costs (includ-
ing training) may range from $0.08 billion (for
one personal computer plus modem per school,
connected to the Internet through a school-dis-
trict-based file server) to $145 billion (to have
one personal computer per student desktop,
with full, ubiquitous connection to the Internet
for a complete suite of text, audio, graphical
and video applications); plus

» estimated annual operating costs for the config-
urations described above (including annual

12 Sce. e.g.. Russedl I Rothstein, “Connecting K-12 Schools to the NIE A Prelimmary Assessment of Technology Models and Their
Assaciated Costs,” aworking paper (Washington, DC: U.S, Department of Education, Aug., 4. 1994), Robert Cohen, *The Cost of NIT Accessto
K-12 Schools: Preliminary Assessmients,” paper provided by Robert Blau. director, Policy Analysis, Bell South, Washington, DC, 1994,

13 See, e.g., Public Law 103-3%2, Title 111,

14 Rothsten and Cohen, op. cie, tootnote 13,
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. TABLE 1-3: Estimaied Installation and Operating Gosts of Selected Telecommunications Technologies - " -~

Examples of technology, training, support,
and infrastructure configurations

Source of
estimate

Range of
estimated
one-time

installation and

training costs

Range of
estimated
annual
operating
costs

Limits on capability

Telephone in each public school classroom.

One personat computer (PC) plus modem per
school, connected to a school-district-based file
server, connected to the Internet, with minimal ini-
tial teacher training, and $2-$10K per year for
teacher support and $1-$5K per year for teacher
training.

An average of 60-100 PCs, modems, and a local
area network (LAN) using copper wire per school,
district-based file server to remote locations, LAN,
router to the Internet; initial teacher training of 5 to
20 staff per school, and annual teacher support
and training.

One PC per classroom with additional dialup lines.
Districts support file server to remote locations,
LAN, and router to the Internet; with initial teacher
training of 10-20 staff per school and annual teach-
er support and training of 1-2 support staft per
district, and $10-20K for training. Includes major
retrofitting costs

OTA2

Rothstein, 1994

Rothstein, 1994

Rothstein, 1994;
Cohen, 1994

$123.00 mil.b
(low) -
$220.00 mil.
(high)©
$80.00 mil.
(low) -
$390.00 mil.
(high)

$2.59 bil. (low)-
$7.75 bil. (high)

$5.38 bil. (low)-
$13.26 bil.
(high)

$310.00 mil.
(low)9 -
$333.00 mil.
(high)e
$160.00 mil.
(low) -
$560.00 mil.
(high)

$1.37 bil. (low)-
$3.38 bil. (high)

$1.30 bil. (low)-
$3 84 bil (high)

Phone line could be used to connect to modem.

Limited access by teachers and students; allows
text-based applications only (e.g., e-mail, telnet,
gopher).

Supports only a few users at a time because it is
limited by the number of phone lines going out of
the school.

No real-time access to video or graphics.

:ABojouyoay pue sieyoes] |22

uonosuuoy au) buiyen




Q

ERIC

PAFullToxt Provided by ERIC

60 PCs per school plus LAN, file server with high-  Rothstein, 1994 $11.75 bil. $1.85 bil. Base needed for connecting each public school to
speed links, and router. District offices have LAN, (low) - (low) - the Internet, allowing use of “limited” video, graph-
file server to remote locations, and router; with ini- $27.53 bil. $4.94 bil. ical and text-based network applications.

tial teacher training for 40-50 staff per school and (high) (high)

annual teacher support and training of 3 support

staff per district, plus annual training costs of

$15-$36K.

1 PC per desktop, plus school-based LAN, a larg- Rothstein, 1994 $65.80 bil. $4.46 bil. - Full connection to the Internet, supports full suite
cr file-server, and router to district office; each dis- (low) - $11.28 bil. of text, audio, graphic and video applications.
trict has a file server to remote locations, LAN, a $145.62 bi. Would not support full-motion video.

high-speed line to school; and a larger dialup sys- (high)

tem than in previcus model; with initial teacher

training for all teachers in all schools, and annual

teacher support and training consisting of 4-5 sup-

port staff per district; plus annual training costs of

$16 5-$38 5K. Includes significant retrofitting

costs.

4 schools per district have PCs, LAN. file server/  Cohen, 1994 $35 76 bil. $5.49 bil. None: individual schools linked directly to a nation-
router, cach district has a file server LAN, a data al information infrastructure; circuit can accommo-
ine to wide area networks, and dialup hnes; as- ) date very wide array of services including full
sumes initial training costs of $100K and annual motion video.

support and training costs of $133K total Includes

costs of retrofitting schoot buldings.

dfigures do not reflect the fact that one-eighth of classrooms now have phones. thus, these estimates may be too high

b Based on an estimate of 83 389 public schools (Software Publishers Association. 1994). with an average of 20 classrooms per school (Rothstein, 1994)
¢ Inctudes addiional cnarges for labor and installation (optional) of $42 upiront charge, plus $16 for 15 minutes (per classroom), for an addttional cost of $96.731.240

d Calculated tor regular (non-centrex) service as follows  $16 77 perline monthly charge + $1 45 per month message unit charge [@ 20 message units per month] - $18.22 X 10months in school year X
t 668.000 classrooms - $303.909.600 Figures may not total exactly due to rounding

" Calculated lor centrex service as follows  $18 22 per ine monthly charge + $1 45 per month message unit charge (@ 20 message units per month] - $19 95 X 10 months in school year X 1,668,000

, classrooms  $332.766.000 - $291.170.250 Figures may not total due to rounding

SOURCF Office of Technulogy Assessment 1995, based on Russell | Rothstemn. “Connecting K- 12 Schools tothe NIl APreliminary Assessment of Technology Models and Their Associated Costs,” a
Wtk paper (Washington DC U S Department of Cducation Aug 4, 1994) Robert Cohen. "The Cost of NI Access to K-12 Schools Prelininary Assessments,” paper provided by Robert Blau,
e tar Pohcy Anatyaas Bel' South Washington DC. 1994
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ANDREW M. LEVINE

4 a

Teachers working together can create a shared vision for
technology use.

training and support for teachers) may range
from $0.16 billion to $11.28 billion.

The range in the estimates in table 1-3 is strik-
ing. and the estimates could easily be far from the
mark. Furthermore, these estimates have not con-
sidered costs of using additional technological
configurations that offer potential, such as cellular
telephones and wireless modems.!>

Key factors that appear to account for current
differences in available estimates include:

s the configuration of technologies envisioned
for the estimate (from a simple telephone line,
to technologies that are on the cutting edge);

the number of desktops, classrooms, school
buildings, and school districts that are assumed
to obtain access to the system;

the amount of retrofitting required of school
buildings (e.g., to install new wiring for tele-
phone and cable lines or to provide additional
electrical power, to deal with asbestos during
required construction); and

the amount of support and training required for
the human resources—the teachers—to make
best use of the new technologies.

Clearly, different assumptions about these fac-
tors—and development of new, perhaps less ex-
pensive, technologies in the future—could greatly
affect cost projections. In addition, at the local lev-
el, prices for individual technologies may vary
considerably, meaning that any one school, school
district, or state could experience a considerably
different level of costs than any other. 16

1 A Vision of Goals and Rationale for
Technology Use

There is also a gap between having technology
and using it effectively. As described above,
equipment is often placed in locations where it is
inconvenient for regular classroom use. Further-
more, schools and teachers have received conflict-
ing advice over the years about the best ways to
use their technology. As the technology has
evolved, so has the prevailing wisdom on how
teachers should use technologies in schools—
from teaching programming, to encouraging indi-
vidualized drill and practice, to building computer
literacy, to participating in electronic communi-
ties. Conventional thinking also has shifted about
how to organize technology resources, from self-
contained labs, to one computer per classroom for
teacher demonstrations or single student tutorials,
to a few computers per classroom on which stu-

15 Sce U.S. Congress. Office of Technology Asscssment. study on wireless telecommunications. forthcoming.

16 The policy issues and options scction of this chapter provides examples of how different state policies (e.g., with respectto group purchas-
ing., with respect to subsidies for telecommunications charges) can affect the costs actually incurred at the local level.




dents can work in small groups, to one computer
per student and on the teacher’s desktop. It is
small wonder that teachers have become con-
fused, and administrators frustrated, with many
educators unclear where they should be headed in
directing technology use.

B Support and Training

Other barriers in many schools hamper more ef-
fective use of technology by teachers. These in-
clude lack of time, inconvenient scheduling,
attitudinal barriers, and barriers of school orga-
nization, curriculum, testing, and other policies.

In general, téachers have little in the way of
technology support or training available at their
schools, although many teachers seek training on
their own. Currently schools spend much more on
hardware (55 percent) and software (30 percent)
than they do on training (15 percent). Less than
half of American schools report that an introduc-
tory computer course is available for teachers
through the district or a local college.

Furthermore, the kind of training, not just
availability, is important. Much of today’s educa-
tional technology training tends to focus on the
mechanics of operating new machinery, with little
about integrating technology into specific sub-
jects, how to choose software, and how to or-
ganize classes, e.g., to use four computer
workstations or a single computer with a modem.

Regular, onsite support for technology use is an
even more daunting problem. Only 6 percent of
elementary and 3 percent of secondary schools
have full-time school-level computer coordina-
tors; in nearly three-fifths of schools, no one had
any portion of their workweek officially allocated
to coordinating computer activities. Even in
schools where someone is designated to spend at
least half of his or her time as computer coordina-
tor, very little of this time goes directly to training
or helping teachcrs use computers.

Chapter 1 Summary and Policy Options 125

Probably the greatest barrier to technology
use, however, is simply lack of teacher time—
time to attend training or workshops, to experi-
ment with machines and explore software, to talk
to others teachers about what works and what
doesn’t, and to plan lessons using new materials or
methods. The diverse jobs teachers are asked todo
and roles they are asked to play also affect their
ability to take on another challenge. Teachers are
given very little compensated staff development
time and there are multiple competing demands
for this time. Unless there are significant changes
to the rhythm of the school day or changed incen-
tives for giving teachers more time to learn and ex-
periment with new technologies, this barrier to
technology use will remain immense.

1 Other Emerging Issues

As the possibilities for widespread information
networks—and their use by «<chools, teachers, and
students—emerge, other issues are coming to
light that may affect the ability of teachers to use
technologies for administrative, instructional, and
professional development purposes. These issues
include copyright and intellectual property issues,
privacy of student records, and censorship of ob-
jectionable materials versus protecting students’
access to potentially valuable inf rmation.

Copyright and Intellectual Property Issues

Currently, one of the most widespread and prom-
ising uses of tclecommunications technology by
teachers is the retrieval of information from re-
mote sources, including networked information,
collections of books, journals, music, images, da-
tabases, software, and multimedia works—so-
called digital libraries.!7 As students and teachers
develop multimedia materials or projects, share
them with colleagues, and store them in portfolios
for student and teacher cvaluation, usc of copy-
righted works in the classroom could grow dra-

17 Margaret Honey and Andrés Henriquéz, Telecommunication and K-12 Educators: Findings from a National Survey (New York, NY:
Center for Technology in Education, Bank Street College of Fducation, 1993).
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matically, Some examples of student use of such
materials might include:!®

= creating a Quicktime clip from a segment of a
videodisc of a popular movie,
digitizing a video clip from a “60 Minutes” seg-
ment,
scanning a copyrighted photograph to use in a
Hyperstudio program,
using music from a compact disc for back-
ground, and
scanning a copyrighted picture of “Goofy” to
use in a project.

Teachers’ use of new media and curriculum de-
velopment activities using copyright materials
might include such activities as:

» keeping student developed multimedia projects
using materials cited above as examples to
show others,
showing multimedia projects at professional
conferences,
sharing multimedia projects over the school
district’s cable channel,
using an object from a copyrighted authoring
program in another courseware authoring pro-
gram for teaching purposes, and
sharing projects on a listserv on the Internet.

These applications all raise issues related to fair
use of copyright material and copyright pro-
tection.

The nature of digital works also changes how
people read or use the works,!® which presents
new challenges to educators for the proper use of
intellectual property. In earlier work,20 OTA has
found that the application of intellectual property
law to protect works maintained in digital libraries
continues to be uncertain; concepts such as “fair
use” are not clearly defined as they apply to these
works, and the means to monitor compliance with
copyright law and to distribute royalties are not
yet resolved. Resolution of these issues will pro-
vide teachers with clearer guidance for using digi-
tal information; meanwhile, school systems must
struggle to remain in compliance with the existing
law.

Privacy of Student Records

Use of computers by teachers may raise new is-
sues of privacy for teachers and their students.
One area of particular concern is computerization
of student records. Increasingly, educators and po-
licymakers will use data gathered and maintained
in computers to monitor progress toward educa-
tional achievement standards, determine how well
curricular content areas are covered, track perfor-
mance of all students, and analyze information
about special groups, such as disadvantaged and
language-minority children! In some states,
lawsuits have challenged the right of state educa-
tional agencies to create computerized records by

18 Rosemary Taub, College of Education, Kansas State University. personal comnwnication, August 1994.

19 Digital information differs from information maintained in more traditional forms (c.g., analog) in several ways: 1) digital works are
casily copied, with noloss of quality; 2) they can be transmitted casily to other users or be accessed by multiple users; 3) they can be manipulated
and modified casily and changed beyond recognition; 4) they render text, video, and music to an essentially equivalent series of bits and store
them in the same medium; 5) they are inaccessible to the user without hardware and software tools for retricval, decoding, and navigation: and 6)
with appropriate software, they create opportunitics to experience works in new ways, for example, interactive media.

20 . S. Congress. Office of Technology Assessment, Finding A Balance: Computer Software, Intellectual Property. and the Challenge of
Technological Change, OTA-TCT-527 (Washington, DC: U.S. Govemment Printing Office, May 1992).

21 National Education Longitudinal Study of 1988, Student Questionnaire, prepared for the U.S. Department of Education, National Center

for Education Statistics.
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collecting individually identifiable data. Typical-
ly the legality of such data collections is upheld,
but not always.2?

The Family Education Rights and Privacy Act
of 1974 (FERPA), commonly called the “Buckley
Amendment” after former New York Senator
James Buckley, was enacted in part to safeguard
parents’ rights and to correct some improprieties
in the coilection and maintenance of public re-
cords. The legislation establishes the right of par-
ents to inspect school records, limits access to
school records (including test scores) to those who
have legitimate ¢ducational needs for the informa-
tion, and requires written parental consent for the
release of identifiable data.

The growing use of computers to collect and
store potentially sensitive information also re-
quires heightened awareness from computer users
about their responsibility to respect confidential-
ity when accessing data. It is already evident to us-
ers of electronic information technologies that
functions such as e-mail make the anonymity and
casc of manipulating data within clectronic com-
munities far more likely.

Censorship and Protecting Student

Access to Information

A particularly chollenging issue for K-12 educa-
tion is finding the appropriate balance between
encouraging students’ rights of access to informa-
tion and protecting students from objectionable
materials and potentially harmful contacts over
wide arca networks. Bringing the world into the
classroom is a laudable concept. but it can also
have a downside. Educators and parents are con-
cerned that children will be able to gain access to
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pornographic, dangerous, salacious, or otherwise
undesirable material over networks, material that
might never be allowed in textbooks, school li-
braries, or at home. The same information super-
highway that makes it possible for students to talk
to the Archbishop of Canterbury or the state gov-
ernor online could also link them to criminals, pe-
dophiles, or psychopaths.23 As one news article
recently noted:

The cyberspace battles may prove especially
contentious, because the Internet contains a
great many works not found on the shelves of
most schools. “The School Stopper’s Text-
book,” for instance, tells how to short-circuit
electrical wiring, set off explosives in school
plumbing and “break into your school at night
and burn it down.” . . .Schools can keep a porno-
graphic book off the library shelf by not buying
it, but they can’t keep it from entering the build-
ing through cyberspace.24

Some educators fear that, without proper safe-
guards, concerns like this could block the educa-
tional potential of telecommunications in schools.
Schools are also worried about the potential for
litigation, since some states prohibit “exposing
minors to dangerous material or information.”2
Some schools have addressed this issue by educat-
ing teachers about the potential “risks” on the In-
ternet; others have developed network use
policies that students and parents must sign. For
c¢xample, a school district in Colorado sends home
anotice warning parents that potentially “defama-
tory, inaccurate, abusive, obscene, profane, sexu-
ally oriented. threatening, racially offensive, or
illegal material” exists online. 26

22 Auron M. Pallas, Statewide Student Record Systems: Current Status and Future Trends.” National Education Goals Panel, Mar. 26. 1992.
Some teachers hasve also voiced concern that sates witl use the data for accountability purposes that teachers belies ¢ are inappropriate. thereby

jeopardizing local autonomy. While most states do not use their statewide student record systems for accountability purposes, local districts and
state education departments may disagree abont the propriety of these purposes.

2V Paul Evan Peters. “In Your Face in Cyberspace,” Eduwcom Review, September October 1994, pp. 70-73.

24 Stephen Bates, “The Next Front in the Book Wars™ The New York Times, Educational Life Section, Nov. 6, 1994, p 22

3 bid.
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Other schools have given accounts and pass-
words to teachers only, not allowing students ac-
cess to tclecommunications. However, many
educators consider this educationally short-
sighted, especially since the possibilities of explo-
ration and freedom of inquiry are what many find
so promising about the Internet.?’ Increasingly,
schools have put some of the responsibility on the
students, setting up rules for permissible “surfing”
(browsing through discussion groups or informa-
tion sources) and taking away student passwords
or accounts if they engage in “hacking” (destroy-
ing files or other materials on a computer system)
or “flaming” (using abusive or offensive language
on e-mail). Still others seek technological solu-
tions that block access to certain areas of the Inter-
net: development is underway on “reverse
firewalls” that keep users from going beyond pre-
scribed areas on the Internet. Until such proto-

types are in place, schools and teachers face a
substantial challenge.

PROMISING APPROACHES TO
TECHNOLOGY IMPLEMENTATION

The challenge of integrating technology into
schools and classrooms is much more human
than it is technological. What’s more, it is not
fundamentally about helping people to operate
machines. Rather, it is about helping people, pri-
marily teachers, integrate these technologies
into their teaching as tools of a profession that is
being redefined through the . . . . process.28

Some schools and colleges of education are de-
veloping approaches to technology implementa-
tion from which others can benefit. The
approaches differ. depending upon the cxisting re-
sources (human and technological) at a site, the vi-
sions the sites have developed for how
technologies are to be used and what problems
they can address. and the leadership and support

marshaled to meet those goals. These approaches
include the following:

= developing  technology-rich  classrooms,
schools, or districts, in which local expertise in
various applications of technology can be de-
veloped and shared;
training master teachers, who then serve as re-
sources for their colleagues;
providing expert resource people from other
staff, such as librarians, computer coordinators,
or volunteers from business, parent, and stu-
dent groups;
giving every teacher a computer, training, and
time to develop personal confidence and exper-
tise;
training administrators so they can serve as
technology supporters and guide efforts within
their schools or jurisdiction; and
establishing teacher or technology resource
centers, ideally with ease of teacher access
through online services.

Most schools combine several of these ap-
proaches, and there is no clear evidence that any
one model is more successful than others. OTA
found a number of promising practices, including
the following examples:

= At Webster Elementary School in St. Augus-
tine, Florida, all staff received broad training in
technology use, but those interested were given
more time, more training, and the opportunity
to attend conferences. They became the “local .
experts” that other teachers could draw on for
assistance or advice.

= To ease the burden of setting up alternative ar-
rangements for substitutes, the Monterey
California Model Technology Schools devel-
oped the concept of “SuperSubs,” in which
tcachers on carly retirement, armed with
technology lessons and resources, substitute

27 ~Lifelong Learming and the NIL™ unpublished proceedings, Westficlds Conference Center, Chantilly. VA Nov. 18-20, 1994,

“8 Barbara Means et al.. Using Technology to Support Education Reform, OR-93-3231 (Washington, DC: U.S. Department of Education,

Olfice of Research, September 1993), pp. 83-84.




for other teachers who are then free to observe
still other teachers’ technology lessons and ap-
proaches.
In Indiana, four schools were given grants al-
lowing every teacher to receive a computer and
printer for use at home or in school, to improve
their personal productivity and, ultimately,
instructional effort<. Training, involvement of
support staff and administrators as well as
teachers, and broad public commitment helped
to meet the goals of the program.
In the Apple Classroom of Tomorrow Teacher
Development Center Project, principals are en-
couraged to attend training with teacher teams
and commit to providing extra time and re-
source for teachers to work together, reflect on
what they are learning and doing, and assist
their colleagues in technology activities.

= Texas supports 20 regional education service
centers, withextra funding to support technolo-
gy initiatives, including such areas as technolo-
gy preview centers, training first-year teachers
and preservice teachers in technology use. and
training personnel on the use of TENET, the
statewide computer network for teachers, with
connections to the Internet.

These examples suggest a number of important
lessons for implementation (sec box 1-5).

CURRENT FEDERAL SUPPORT FOR
TEACHER TRAINING AND TECHNOLOGY

As in the past (see box 1-6). multiple categorical
programs for different needs and niches continue
to comprise the world of federal teacher training
programs.2® Of the 58 programs OTA has identi-
fied that support preparation of teachers to usc
educational technology of some sort, most arc
small (under $10 million). What is striking
about most of these programs is the optional
nature of support for technology-related train-
ing. Not one program is devoted exclusively to
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technology-related teacher training, although
federal agencies sometimes choose, in the case of
discretionary grant programs, to make technolo-
gy-related teacher training an absolute priority for
one funding cycle.3? The programs that provide
the most consistent funding for technology-re-
lated professional development usually combine
technology with science and mathematics training
or include technology-related activities for both
teachers and students, as in the Star Schools pro-
gram.

In myriad programs, it is up to state, local, or
university grantees to decide whether technology-
related training is provided at all and in what form.
This is the case with large formula grant pro-
grams, such as the Title I Chapter 1 (usually re-
ferred to as) program for disadvantaged children
and the Vocational Education Basic Grant pro-
gram, as well as smaller demonstration programs,
such as the National Science Foundation (NSF)
Teacher Enhancement program. Even programs
with a primary focus on teacher development sel-
dom mandate or recommend that grantees consid-
cr technology as either a topic for training or a
mode for delivery. And with few exceptions, the
federal government does not collect daia from
grantees in the format or detail necessary to dis-
cern which projects are actually providing
technology-related teacher development, or how
much they are spending for it, or what the impact
has been.

FEDERAL POLICY ISSUES AND OPTIONS

The appropriate federal role in education has al-
ways been debated. The extent to which there
should be a federal role in assisting tcachers to
make the connection with technology is and will
continue to be part of this debate.

There seems to be little question of whether
technologies should be used in the nation's
schools for purposes of instruction, administra-

29 The General Accounting Office counted 86 programs supported by the federal governmient i support of teacher traming of all kinds.
“Multiple Teacher Training Programs™ (Washington, DC: ULS. General Accounting Office, February 1995).

AR absolute prioriy means that only projects that addiess the priority will be funded ina given year. Prioritics change from year to year.




PAFullToxt Provided by ERIC

30! Teachers and Technology: Making the Connection

LT BOX 1'-5:'S‘Cmé"l'.ésso’ns_ About- Technology Implementation. -

A number of schools, districts, and states have made the adoption of technology a priority. Important

lessons from these sites include.

Educational rationale should guide technology decisions. Developing a technology plan—
thinking through the goals for technology use at the local site and involving teachers in the plan-
ning process—is key to successful implementation.

Those wishing to invest in technology should plan to invest substantially in human re-
sources. Training, maintenance, technical support and time to learn to use the technology have
proven to be constant and continuing, yet key expenditures. Recently, several states (e.g., Texas
and Florida) have recommended that at least 30 percent of technology funds be spent on training.
Teachers cannot use technology without systemic support. The roles of principals, other ad-
ministrators, and the community are critical in fostering sustained use of technologies. Other
staff, such as media specialists, can provide technical and motivational support for teachers in
their building if time is allocated for them to do so.

When it comes to iearning to use technology, “hands-on” training is more than a gimmick
or motivator. It is a necessity. Teachers must have the chance to make the computer (or camera
or whatever) work, and gain confidence in their own competence, before they try the same thing
with their own class.

Access to equipment is essential. It is extremely frustrating for teachers to learn to use technol-
ogy in a workshop, then return to a classroom where the technology is not readily available.
Many programs are increasing teacher access to technology by letting them take the equipment
home (e.g.. laptops, summer loaner programs, etc.) since most teachers put in many hours at
home grading, planning, and preparing. Putting technology in the hands of teachers—allowing
them to see and explore how technology can help them do their jobs—can be an effective way
of motivating teachers to learn about technology.

Although there are a number of models for training teachers and implementing technology,
there Is no one best way of using technology or of training teachers to use technology.
Districts are most successful when they have multiple and complementary training and support
strategies.

Followup support and coaching is as essential to effective staff development as is the ini-
tial learning experience. Teachers don't “learn it all" at a training session—even if it extends
over several weeks. When they return to the classroom the unexpected inevitably happens. At
this point, teachers need to be able to reach out for technical assistance and support.

Many technology-rich sites continue to struggle with how to integrate technology into the
curriculum. Curriculum integration is central if technology is to become a truly effective education-
al resource, yet true integration is a difficult. time-consuming, and resource-intensive endeavor.
When conditions are right—resources, time, and support are high—exciting things happen
in technology-rich environments. Today we are faced with the broader issues of how to move
these lessons to the second stage of dissemination How can these lessons be translated when
resources aren't as rich? When teachers aren't as enthusiastic or energetic? Issues for policy
consideration inciude the need to consider the development of products based on research and
experience ot expenmental sites, seeding of more “real world” projects, and better dissemination
of lessons learned

SOURCE Otiee of Technology Anecament 1994




tive efficiency, and teacher professional develop-
ment, as appropriate. The policy options in this
report focus on the question of teachers’ roles in
accomplishing this goal, and on the advantages
and disadvantages of selected legislative actions
related to teachers and technology.

The array of technology for education is di-
verse, changing, and flexible, and these character-
istics enable development of hardware, software,
and learning environments that can suit special
needs, allow new approaches to teaching and
learning, strengthen teaching, and create excite-
ment in the classroom. The broad and expanding
range of educational technologies complements
the diversity of the American education system. In
the past, federal policy has often floundered on the
enormous scale and differences that characterize
American schools, compounded by the strong
tradition of state and local control. In thinking
about policy for technology, decisions can be
made to allow for variation, change, experimenta-
tion and differing outcomes. and so strength can
build upon strength.

Federal policy over the past decade has too
often focused solely on generating funds for capi-
tal investment in hardware. Other policy initia-
tives have been diffuse and, until recently, there
has been little focus on technology by the leader-
ship of the U.S. Department of Education. Insuffi-
cient attention has been given to teacher
preparation, development and support of learning
tools and techniques, issues of connectivity, and
the constantly growing demands on teachers’
time. While costs of hardware will remain an is-
sue, it is important to remember that technology
capacity continues to increase at an astounding
rate and that hardware costs often drop relevant to
the power one purchases. While direct funding or
other financial incentives are, of course, cffective
ways to demonstrate leadership and commitment,
OTA concludes that, if the federal government
wants to support the expansion and appropriate
use of technologies in K-12 schools and colleges
of education, federal policy must go beyond fund-
ing. Leadership; a commitment to research, devel-
opment, and dissemination: an increased focus on
teachers; and attention focused on issues related to
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the challenge of school access to the emerging
electronic telecommunications infrastructure are
equally critical.

OTA has identified a number of necessary com-
ponents for taking advantage of learning technol-
ogy and optimizing use of technology by teachers.
These components are summarized in box 1-7 and
discussed below.

1 Federal Leadership: Legitimizing,
Funding, and Targeting Technology

If it wants to promote the appropriate uses of
technology in elementary and secondary schools
and colleges of education, the federal government
can move to fully legitimize the role of technolo-
gy to enhance instruction, increase teacher
productivity, create new teaching and learning
communities, and support educational change.
Federal signals that technology is not only wel-
comed but needed in schools will strongly influ-
ence state and local decisions over the next five
years. Until very recently, with little focus on the
usc of technology within the Department of
Education, technology was an acceptable expen-
diture in many programs but was not held up as a
tool for improvement. An important exception to
this was the Star Schools Program, initiated by
Congress in 1988, which has addressed a number
of educational needs for students and, to a lesser
degree, teachers, through emerging applications
of technology.

The Goals 2000: Educate America Act (P.L.
103-277) called for crcation of an Office of Educa-
tional Technology within the Department of
Education. The need for high-level coordination
of technology issues had already been recognized
by the Secretary of Education in the appointment
of a Director of Educational Technology in 1993,
An office like this can provide the much needed
spotlight on technology, coordinate programs,
and lexd in evaluating and disseminating re-
search results. Continuing to support this office,
and secing that adequate resources and authority
are provided. will be critical.

A valuable related step is to make the most of
the national long-range technology plan to be
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© " 'BOX-1:6: Past Federal Efforts To éljppéft-]:ééche'r.'bé\./el'obhﬁer'\tv.' .

Although it is in the national interest to have a high-quality teaching force, the federal role in teacher
preparation and professional development has been limited. There are exceptions: spheres where the fed-
eral contribution has been larger and more influential, such as teacher training in mathematics and sci-
ence, and personnel preparation for speciat education. In general, however, the federal government has
shown caution about becoming too deeply involved in an area traditionally considered a state responsibil-
ity, and until very recently has avoided even the suggestion of minimum federal standards for teacher
education. It is the states that have exercised primary authority for teacher preparation, licensing, and cer-
tification, and more recently, competency testing. Substantial responsibility for preservice education also
rested with universities and for inservice education, with local school districts.

In keeping with this limited role, federal contributions for teacher training have been modest
compared with overall federal spending for education.

Purposes of Federal Involvement in the Past

The federal government became involved in teacher training for a variety of reasons. Often the impetus
was a perceived crisis, such as threats to American competitiveness or widespread teacher shortages. In
other cases involvement was an outgrowth of other federal commitments. The enactment of federal pro-
grams to improve education for the handicapped, for example, created new demands for specially trained
teachers to staff these programs. Similarly, effective implementation of federal drug education programs
required new training for teachers. Other motives for federal action stem from dissatisfaction with the quali-
ty of teacher education or with other aspects of K-12 education.

This diversity of motives resulted in programs that had various purposes, took various forms, and
employed various strategies.

Impacts of Past Programs

Past federal programs had many positive effects on teacher preparation and professional development.
It might be said that the federal government helped give credence to the concept of inservice education
and professional renewal, through such programs as the National Science Foundation teacher institutes
and the National Defense Education Act institutes and Teacher Centers.
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developed by the Secretary of Education in ac-
cordance with Goals 2000. This plan could pro-
vide along-overdue strategy for the federal role in
educational technology, not only in ED but across
the government. It is crucial that the Secretary
take maximum advantage of the directive in the
law to join forces with other agencies to produce
coherence and vision at the national level. Using
all national agencies and programs wisely to ex-
pand, evaluate, and build upon knowlcdge in
educational technology is a policy model that can
also apply to federal programs affccting teacher

preparation and the professional development of

the current teacher force.
The executive branch is involving professional
associations and citizen groups, as well as federal

agencies and researchers, to develop a plan with
foresight and credibility. An important caution,
however, is that the plan must respect and build
upon the extraordinary level of change occurring
in technology capacity and the multitude of devel-
oping applications. The plan should be a frame-
work for an cnvironment of experimentation and
leaming, evaluation, and sharing of results. A plan
of this nature could call forth rich results, opportu-
nities to learn from problems as well as successes,
and build respect for state and local expertise and
decisionmaking.

Goals 2000 contains other provisions that
could sct the direction for educational reform for
the next several years and could be used to lever-
age improved technology policy. A key provision

4 h
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U BOX 16 (cont'd.}: Past Federal, Efforts To S'Upp_o,rt__Té‘éoher' Development’

Although federal training programs never reached more than a small percentage of the total teaching
force, this should not obscure the fact that many millions of teachers benefited from federally supported
training. In some subject areas and specialties enough teachers were trained through federal programs to
have 2 significant effect on instructional quality or teacher supply. Mathematics and science is a case in
point. Even if the National Science Foundation institutes reached somewnat fewer teachers than the
agency's estimate of half the math and science teachers in the nation, there were still enough trained to
constitute a potent force for improvement within their discipline.

The federal government was also a major force in the growth of certain teaching subspecialties, such as
special education, bilingual education, and instructional media. in a sense there was a chicken-and-egg
relationship between federal funding and the need for specially trained teachers. On one hand, it was the
power of federal mandates that created a demand for some subspecialties in the first place. On the other
hand, federal intervention filled a void because the special needs of some children were not being met
through traditional instruction or teacher preparation.

Federal aid also changed the composition of the teaching force. Scholarships, fellowships, and training
opportunities broadened access to the teaching profession for students from blue-collar or low-income
families and for minority individuals. Federal programs such as Teacher Corps attracted talented and ener-
getic persons into teaching who might have pursued other careers.

Participation in federal training programs produced substantial improvements in the knowledge, atti-
tudes, behavior, and career advancement of many teachers. At the schoo! district level, federal funding
sometimes provided the external stimulus needed to promote change. Federally supported training famil-
iarized many teachers with instructional approaches that were once considered innovative, such as individ-
ualized instruction, nterdisciplinary approaches, team teaching, and multicultural education. And, most
significantly for this study, the integration of various technologies into the classroom—including audiovisual

materials, educational television, and computer technologies—was hastened and encouraged by federally
supported training.

SOURCE Ofiice of Technology Assessment 1995, based on Nancy Kober. "Teachers and Technology The Federal Roie.” Ottice of
Technology Assessment contractor report. May 25. 1894

authorizes federal grants to states that develop “a
systemic state-wide plan to increase the use of

and how scriously they arc taken. The inclusion
of technology issues in these standards, how-

Q

ERIC

PAruitext providea by emic ||

state-of-the-art technologies that enhance clemen-
tary and secondary student learning and staff de-
velopment.”!

In addition, states that submit an approved ap-
plication will receive funds under Goals 2000 to
establish state content and performance standards
for student learning. Whether these standards will
instigate the massive reforms desired by advo-
cates will depend on what the standards contain

31 pyblic Law 103-227, 20 USC S897.

ever, could signal that technology is an ap-
propriate tool for all core subjects, while the
omission of technology could prove a genuine
setback. Although the federal government does
not have the authority to dictate the substance of
these national and state standards, the law estab-
lished a National Education Standards and Im-
provement Council (NESIC) to review and
“certify” the standards. If NESIC or some variant
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BOX 1-7: Areas for Federal Policy -~

1. Federal and state leadership that articulates the value of integrated, technology-based teach-
ing and legitimizes technology as a path to achieve educational goals. This leadership will be mean-
ingful to the extent that it is supported by commitments to fund and encourage technology use, and is
linked to continuing research, development, and dissemination. It can also focus attention on the potential
of technology for providing resources to improve the preparation of new teachers and as a valuable tool fcr
the "just-in-time training and support" for professional development.

2. Increased focus on teachers, both in training and in the field, including: time and money to
allow teachers to learn to use technology, support for their professional growth, respect for the com-
plex nature of learning and the many demands facing teachers today, and research on how technolo-
gy affects teaching and school change. Congress has taken some steps to promote increased technolo-
gy use in schools, and greater support for teachers who use technologies. Technology planners in K-12
schoots and in colleges of education can take advantage of such support to further their goals.

3. Provisions to ensure that access to data and information, through services such as the inter-
net, are available to all teachers and students. The special needs of education are likely to be over-
looked or neglected unless they are built into federal, state, local, and private sector decisions on telecom-
munications regulation and funding over the next few years. Access to high-quality information and
necessary resources may be today's measure of equity in education.

4. Commitmentto research, development, and dissemination that will advance technology use by
and for teachers. The development of powerful curriculum products, tools, and telecommunication re-
sources is often beyond the capability of individual states, districts. or schools. The private sector may be
able to play a greater role in developing new educational technology products than they have in the past,
but some observers note that education may not be a promising enough market unless incentives are
found to aggregate it." Federal support may be needed to infuse the appropriate funding, expertise, and
altention to standardization, evaluation, and dissemination that can facilitate school use of promising
technologies and their applications. Furthermore, research is needed on teachers and technology use if
these applications are to be used most effectively.

! The Software Pubhshers Assoc:ation reports that the average elementary school spent $12.500 and the average high school
spent $10.400 on software inthe 1993-94 school year Software Publishers Association, SPA K-12 Education Market Report (Washing-
ton DC July 1994) Overail. the annual expencitures made by K-12 schools has been estimated to be approximately $1 billron. and
software purchased by K- 12 schools has been growing at the rate of about 20 percent per year Ronald £ Anderson. “The Technology
Infrastructure of U S Schools.” Communications of the ACM. vol 36. No 5. May 1993.p 72

SOURCE Oflice of Technology Assessment 1995

is supported, its criteria for certifying standards  available to support and encourage technolo-
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could include a review of whether technology
needs and methods have been considered.3?
Another very critical step that the federal gov-
crnment can take to provide both lcadership and
dollars is to make the most of the opportunities

gy-related professional development in current
programs, and the Improving America’s
Schools Act (P.L. 103-382), with its amend-
ments to the Elementary and Secondary
Education Act of 1965. The Office of Education-

Y Lepislation has been introduced that would eliminate funding for NESIC (1LR. 977, HLR. 1045, S. 323, and S. 469, all in the 104th

Congress),

Y




al Technology will be well suited to lead areview
of existing and proposed programs to ensure that
they give fair consideration to technology-related
expenditures and to determine whether there are
program regulations, guidelines, and accounting
procedures that either discourage expenditures for
technology and professional development or have
untapped potential to encourage them.

PL. 103-382 also included a major new
Technology for Education Act that could be the
centerpiece of a stronger federal role in providing
technology-related teacher development, ensur-
ing greater access and equity in the area of
technology, and demonstrating and disseminating
several promising educational applications.

The federal government could take several
steps to achieve better use of programs and
funding authorized under current laws. Feder-
al regulatory actions could include establish-
ing priorities or bonus points related to
technology in competitive grant programs,
issuing policy statements highlighting accept-
able expenditures for technology and profes-
sional development where the law permits, and
eliminating unnecessary nonstatutory restric-
tions on the use of funds for technology or
training purposes. A message from federal lead-
ers can send a strong signal of reassurance to state
and local educators that they can acquire and up-
grade technology and, most important, train
teachers in its use with no regulatory constraints.

Particular attention should be focused on the
revised Eisenhower Professional Development
Program, given greater emphasis in PL.
103-382, which calls for a larger federal teacher
professional development effort in several critical
subjects. The Secretary of Education could en-
courage states, universities, and school districts to

33 Public Law 103-382, Titie 1, 108, Stat, 3520, sec. 1001 (¢}(0).
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consider integrating technology into the various
professional development activities supported un-
der this prograrni.

Other federal programs that should be ex-
amined include the programs for students with
special needs that are a cornerstone of the federal
role in education, particularly Title I of ESEA for
disadvantaged children (referred to commonly
as Chapter 1), the Part B state grant program
under the Individuals with Disabilities Educa-
tion Act (IDEA) (20 U.S.C. 1400 et. seq.), and
the Bilingual Education Act (20 U.S.C. 7401 et.
seq.). Together these programs channel almost
$10 billion to states and school districts. Educa-
tional technology has become an important tool
for delivering instruction to the children served by
these and other special needs programs, yet teach-
er professional development has not kept pace. '

In Chapter 1, for example, technology contin-
ues to be used primarily for drill and practice of
basic skills rather than for the more promising and
integrated kinds of teaching described in this re-
port. Amendments to Chapter 1 in P.L.. 103-382,
and discussions about future policy directions in
IDEA, are stressing improved program quality
and professional development in these programs.
For example, as justification for changes in Chap-
ter 1, P.L. 103-382 states that, “Since 1988. . .[the
nation has learned that] insufficient attention and
resources are directed toward the effective use of
technology in schools and the role technology can
play in professional development and improved
teaching and learning.”33

Similarly, the 1994 Bilingual Education Act
authorized $215 million in grants for activities in-
tended to educate limited-English-proficient chil-
dren and youth so that they would be able to “meet
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Legislation or Program Level

Improving America’s Schools Act

(P L. 103-382) {amending and revis-
Ing the Elementary and Secondary
Education Act (ESEA) of 1965 and
several other federal education
statutes)

Program

Goal Funding®

ESEA Title I: Helping Disadvantaged
Children Meet High Standards

ESEA Titlc H: Dwight D. Eisenhower
Professional Development Program

ESEA Title Il Technology for Educa-
tion Act

Star Schools

Challenge Grants

National Activitics

Product Development

Major activities supported grants to $7.2 billion
states for funding local improvement
programs, family literacy, education

of migratory children, others

Supports professional development $359 million

In core academic subjects

Expanding access to and use of $40 million
educational technologies, strength-

ening the technology infrastructure,

supporting technical assistance and

professional development

Improve instruction through grants to $30 million
telecommunications partnerships for

programming and facilities

Innovative projects, can include $27 mitlion

teacher training

Regional technical assistance and $13 million
teacher training consortia and other

implementation activities

Develop, produce and distribute unfunded
technology enhancrd instructional

resources and programming for

instruction or professional devel-

opment
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Individuals with Disabilities
Education Act (20 U.S.C. 1400)

#* Eligible for reauthorization
in 104th Congress

Goals 2000 Educate Amenca Act
(F1. 103-227)

Rovenons 1o Communcations
Act of 1934

Q

ERIC
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ESEA Title VI: Innovative Education
Program Strategies

ESEA Title ViI: Bilingual Education,
Language Enhancement, and Lan-
guage Acquisition

ESEA Title XIl: Education Infrastruc-
ture Act of 1994

Part C Leadership in Educational
Technology. Office of Educational
Technology

Part B National Education Standards
and Improvement Council, Assess-
roent, Development, and Evaluation
Grants

Revisions will be tmportant to pricing
of telecommunications services

In the past, districts have spent
funds on hardware and software
purchases and professional devel-
opment

$347 million

To educate limited-English-proficient
children and youth to meet the same
rigorous standards for academic
performance expected of all children
and youth

$350 million

Ensure the health and safety of stu-
dents through repair, renovation and
construction of schools

$100 million

Fducating children with disabilities $3.3 biltion

Encourage technology as a resource
for providing instruction and profes-
sional development, and teacher
training as part of technology invest-
ments

Grants to states for ptans, part of $5 million
broader state improvement plans, (fiscal year
to increase use of educational 1994)
technologies for learning and staft

development

To be determined NA

(continuect)
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Legisiation or Program Level

Other Selected Areas and Activities
Denartment of Commerce

Nationag! Science Foundation

Pubwec: Broadeasting Act of 1967
P Y0-129)

EY 10 g onaton anles s othenwase indicated

b T Otheo of Technology Assessment 1995

ERICy
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Program

Advanced Technologies Frogram -
education activitics

Public Telecommunications Facilitics
Program

Telecommunications and Information
Infrastructure Assistance Program

Teacher Enhancement Program

Teacher Preparation

National Education Infrastructure for
Networking

Applications ot Advanced
Technologies

Corporation for Public Broadcasting

Develop telecommunications facili-
ties to serve local communities (dis-
tance-learning projects have been
supported in the past)

Planning activities and demon-
stration projects for telecommunica-
tions networks

Funds teacher training programs in
math, science and technology

Supports projects to improve under-
graduate teacher preparation in
math and science and technology

Demonstrates innovative applica-
tions of networking for education

Funds research and demonstration
in revolutionary technologies for
education

Support for development and activi-
ties in support of education and pro-
fessional development

$29 million

$64 million

$101 million

$18 mullion

$15 million

$10 million

$285 million
(estimated)
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the same rigorous standards for academic perfor-
mance expected of all children and youth."34 Fed-
eral grants were authorized for projects using
educational technologies, “‘if appropriate,” among
a range of other permitted activities. Furthermore
a subpart of the Bilingual Education Act was de-
voted to professional development and, among
the evaluation components required of recipients
of bilingual education capacity and demonstration
grants was a demonstration of “appropriateness of
the program’s staff professional development.”

The recognition of technology and profession-
al development in these legislative authorizations
represents an opportunity to encourage states and
school districts to use a portion of their program
funds for additional professional development in
forming the effective uses of technology for spe-
cial needs children. However, without specific re-
quirements in legislative language, it wili be up to
grant applicants or the Department of Education
(in regulations or grantee requirements) to ensure
that professional development and/or technology
are foci.

Other programs, such as Star Schools, have as
their primary purpose the use of technology to
meet educational needs. These programs can con-
tinue to be leaders in experimentation, helping to
add to the store of knowledge on how technology
is effectively used.

OTA also finds that while great interest centers
on advanced educational technology such as inte-
grated curricula products and multimedia tools,
“small” technology is also needed to bring
schools along the learning curve. Telephones,
voice mail, fax machines, calculators, television
sets and VCRs, camcorders and editing tools all
have a place in today’s classrooms, but are often
denied to teachers. In fact, providing a classroom
telephone that puts a teacher in direct contact with
a parent can facilitate the parent-teacher com-
munication and parcnt involvement that many
believe is essential to improving student achicve-
ment. Yet tools as basic as telephones are denied

Y Title VI of the Amendiments in Title T of Public Law 103-382,
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for a complex set of reasons, and cost is normally
one of the smaller issues. Traditional methods of
conducting school business, reluctance by princi-
pals to allow teachers more control over their pro-
fessional lives, and general fear that teachers will
somehow “misuse” telephones are frequently
cited to researchers as reasons that telephones and
other technology should not enter classrooms.
Congress may not be able to change such atti-
tudes, but it or the executive branch could set
the tone by taking steps to encourage the instal-
lation of telephones in classrooms. As discussed
earlier in this chapter, costs are likely to be a factor
inhibiting the installation of technologies, wheth-
er small or large.

Research, Development, and Dissemination

Support for educational research, development,
and the dissemination of research results has tradi-
tionally been viewed as an area of national con-
cern, supported by federal funds. This is also true
of such activities as they are related to educational
technologies.

First, more and better information is necded on
the effectiveness of various technology tools, and
applications, including whether and how technol-
ogies work for teachers. Arc some types of train-
ing or support more effective than others? Are
they more eftective for some type of teachers (by
field) or by level (elementary versus secondary)?
Some literature suggests that educational technol-
ogy “takes off” when there is a critical mass of
teachers committed to using it. Can this be sub-
stantiated? Experience has shown that tcachers
must be given time to learn and prepare, adequatc
technical and content support, and a supportive at-
titude from the principal’s office, but surcly there
is more to be learned about teachers and effective-
ness. Although some recent studics are beginning
to investigatc how the teacher’s work life is
changed by technologies, there has been little re-
scarch on teachers as members of work groups, or
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ANDREW M LEVINE

Research to date has looked at student achievement,
comparing results of instruction withi technology versus other
methods. However, there are other important factors that '
make simple comparisons misleading.

on the breadth of activitics teachers undertake. All
these are fertile areas for federal research.
Alternatively, the federal government, states,
school districts, and schools could leave the topic
of effectiveness research to private sector product
developers or form research partnerships with lo-
cal university-based. research-oricnted colleges
of education. One disadvantage of a private scctor
approach is that product developers may use re-
search as an opportunity for marketing. Publicly
funded research may be more likely to point out
both the positives and negatives of a new technol-
ogy. Clearly. the education community needs
additional exploration of rescarch strategies that
wiil lead to providing both accurate and timely re-

sults for use by adopters of new educational
technologies.

Development of advanced integrated curricu-
lum materials, projects and tools could be ap-
propriate investments for the federal government,
continuing a long tradition of research and quality
applications. Because the upfront investments are
high, and state and local funds for development
are limited, federal support has been important in
the past. Many of the innovative technology ap-
plications reported on in this study have been sup-
ported by federal research funds, particularly the
National Science Foundation.3>

The work of the Department of Education, the
Department of Energy, the National Technical In-
formation Administration, the Department of De-
fense and its research agencies. and others has also
been invaluable in creating new methods, new
technologies, new materials, and new approaches
with educational technology. Projects of this type
can also enhance the link between teachers and the
research  community. Comparatively small
amounts of money in the federal budget have had
substantial impacts on technology use in schools.

Much of the focus and experimentation to date
has been in the areas of math and science; work is
needed in other subject areas. If Congress wishes
to cncourage the development of powerful, flex-
ible learning tools and applications, federal sup-
port for continuing research and development will
be necessary. The development of the next gen-
eration of integrated curriculum projects can
work hand-in-hand with proposed educational
standards in all curricular areas, and could be
undertaken as a national research priority.

Congressional concern about timely develop-
ment of new educational technology software was
reflected in the 1994 Technology for Education
Act’s provisions on product development. Grant
applications were encouraged that “promote the
acquisition of higher-order thinking skills. . ..
convert technology resources developed with sup-
port from the Department of Defense and other

¥ For esample. the National Serence Foundation™s Applications of Adyanced Te hnology program




federalagencies for effective use in the classroom;
.. .[and] show promise of reducing the costs of
providing high-quality instruction.” No funds
were appropriated for this program in FY 1995,

The federal government’s seed money for
product development can be said to have re-
sulted in a sequential form of public-private
partnership. A good example is the Kid Net proj-
ect initially funded by NSF, further developed by
TERC (a not-for-profit organization), and eventu-
ally turned into a marketable product that schools
can purchase from National Geographic, which
sells Kid Net as part of their profit-making com-
pany.

Alternatively, Congress could leave develop-
ment of new education technologies entirely to
the private sector. It is unclear, however, that
K-12 schools, with their persistent constraints on
resources, represent enough of a market for educa-
tional technology product developers. For exam-
ple, the Software Publishers Association (SPA)
estimates that K-12 schools spent an average of
about $11,000 each on software in the 1993-94
school year.36 In half the school districts surveyed
by SPA, funds for software purchases came pri-
marily from discretionary funds held by principals
and teachers, from donations or business partner-
ships, or from school fundraising efforts. Possible
tradeoffs between public and private sector ap-
proaches to new product development would be a
good subject for further analysis.

Federal action can improve dissemination of
research results. Experimentation with new
technologies is only the beginning; teachers nced
to know what works and why. Dissemination of
research results has not been adequately empha-
sized in the past, but it too can be enhanced and ex-
tended through technological means.

Educating New Teachers, Professional
Development and Teacher Support

People preparing for teaching and teachers in the
ficld face a vast and constantly growing sct of dc-
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mands for their time and attention. Mastering
technology use may be only one goal placed be-
fore them. Yet using technology with facility is a
daunting challenge for most people; teachers are
no exception. One of the clearest findings of the
OTA case studies and other research is that even
very highly motivated teachers require substantial
amounts of time—often over a three to five year
period—before they feel fully versatile with a
complicated new technology and are able to ex-
pand technology tools to fit their particular teach-
ing goals. And finding time in the teaching day
and year for training, collaboration, and *“messing
around with” technology is a bane of the profes-
sion.

A goal for states and localities that want
their schools to function more effectively is to
find ways to give teachers time for lesson prep-
aration and learning, and support for continu-
ing work. Exposure to new materials and
resources, training in use of actual technologies,
and development of new classroom patterns take
time. They also require strong organizational sup-
port from principals, administrators, and col-
leagues. There is little point in acquiring hardware
but making no provision for teacher development
and support. Fortunately, technology itself offers
some inherent solutions, if teachers can have
cquipment to usc when they have time, and can be
rewarded for learning. The use of telecommunica-
tions linkages to provide resources and opportuni-
ties for training is one of the most promising
aspects of technology. but it cannot be a substitute
for adequate time. As mentioned carlier, states
with a strong commitment to effective technology
usc are beginning to allot as much as 30 percent of
technology expenditures for tcacher training and
support. This includes the cost of substitute teach-
ers as well as training resources.

The demographics of the teacher pool and the
school population indicate a substantial incrcase
in the number of teachers required just after the
turn of the century. Teacher preparation has al-

W Software Publishers Association, SPA K-12 Educanon Market Repors (Washigton, DC - Authon, July 19945
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ways been the province of states, colleges and uni-
versities, The federal government has played a
limited role in the general area of teacher profes-
sional development, despite the fact that a large
number of federal programs have been aimed at
this issue and some have made an impact in specif-
ic subjects such as math and science (see box 1-6).

Prior federal efforts to improve teaching or in-
crease the teacher pool reflect a scattershot ap-
proach. Preservice programs have included
fellowships, scholarships, loans, support for certi-
fication efforts, and some direct training programs
aimed at specific kinds of teachers or curricular
materials. Current teachers have been exposed to
summer and academic-year institutes, seminars,
workshops, and one-time training sessions. Fed-
eral funds have provided institutional support to
local school districts and schools of education to
build their capacity. Strategies to magnify the ef-
fect of federal dollars have included targeting key
teachers who are expected to train their peers or
promote school change, training teams of teachers
and administrators from one school, developing
model training programs and, to a more limited
degree, encouraging collaboration between
school districts and universities.

A review of many other federal programs (sec
chapter 6) makes clear that in some instances,
technology has been introduced to schools, but
funding has been limited to the cost of hardware or
software only, with no allocation for the prepara-
tion and support of teachers and other personncl.
This strategy is a bad investment.

Congress could more definitively express its
wishes to see adequate budgets for teacher support
and training in future legislation or report lan-
guage.

OTA concludes that an effective policy mecha-
nism would be to require that all applications
for federal financial help that include technolo-
gy show adequate budgets for high-quality
support and preparation of staff. This approach
would remind anyonc preparing an application
how important planning is to assure technology
will be well used; it will help to assure that teach-
ers will be given support over the fong term, not
just when the technology is brought in the door.

584

States that are leading technology users have
already adopted this approach. The Texas Educa-
tion Agency recently recommended that districts
allocate 30 percent of their technology funds for
hardware, 30 percent for software, 30 percent to
staff development, and 10 percent to maintenance.
For the 1993-94 school year, the Florida legisla-
ture allocated $55 million for technology and
$8.65 million for software, and required that
schools seeking these funds set aside at least 30
percent for teacher training.

The importance of teachers for the effective use
of technology, the need for expanding the popula-
tion of teachers in the next decade, and the inclu-
sion of teacher professional development in the
national education goals suggest that the time is
ripe to consider whether the nation wishes to
make a more direct and coordinated commit-
ment of federal attention and resources for
teacher preparation and professional growth.
Goal 4 of the National Education Goals specifies
that by the year 2000, “the Nation’s teaching force
will have access to programs for the continued im-
provement of their professional skills and the op-
portunity to acquire the knowledge and skills
needed to instruct and prepare all American stu-
dents for the next century.” Meeting this goal must
surely mean competence in working with technol-
ogy. Policy decisions to meet this challenge
could be carried out through the revised Eisen-
hower program, through other innovation pro-
grams such as the Fund for the Improvement
of Post-Secondary Education, through broad
initiatives such as the National Teacher Corps,
or even through a national-level teacher certifi-
cation. A first step toward making this policy de-
cision would be a review and evaluation of
existing programs as recommended above, and
consultation with professional societies, educa-
tors, parents, and others to identify appropriate
federal actions.

Colleges of education remain generally low on
the totem pole when value is assigned to under-
graduate and graduate training. Onc forcc work-
ing to improve teacher preparation is a movement
to raise standards for accreditation of teacher col-
leges: state and federal policy decisions that em-
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phasize accreditation (or other outcome
measures) are likely to encourage improvement.
Awards and honors bestowed by professional
education groups also contribute to higher status.
The federal government can play a role
through its grantmaking activities, by encour-
aging and supporting technology applications
when considering funding requests from
schools and colleges of education. In particular,
education research centers and major graduate
educational sites could be strongly encouraged to
adopt teaching with technology, so that new teach-
ers learn by example. In teaching, as in most other
professions, the techniques modeled for new en-
trants by their own teachers are extremely power-
ful. If new teachers have not experienced the
power of leaming through technology-based
tools, they will have less motivation to make the
effort to master these tools themselves.

In addition to relying on the public sector for
support, states, school districts. and schools that
accept offers of hardware or installation from pri-
vate sector companies (e.g., computers, wiring
schools or providing other hookups to electronic
information sources) could request or require that
the companies also provide meaningful levels of
initial training and continuing support for teach-
ers. Some companies have provided such support
on a short term basis (sec chapter 4). Companies
might be persuaded to agrce with requests for
more intensive support for technology-using
tcachers because technology-friendly teachers are
likely to make more and better use of the technolo-
gics provided. and expand companies’ markets.
Schools may be reluctant to make such demands
in the belicf that the companies will be less likely
to offer any assistance in the future. but the strate-
gy might be worth trying and monitoring, as a
means of providing more effective private sector
supr,ort to schools.

While it is clear that diffuse, shifting federal
teacher training programs that reach only a tiny
fraction of teachers cannot change the profession,
itis alsoclear that if a decision were made tointen-
sify the emphasis on use of technology as a
resource for preservice and inservice teacher de-
velopment, efficiencies and improvements could

=
J
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be made in the overall ways these activities are
conducted.

Access to the Emerging
Information Infrastructure

In the early days of “computer education,” great
attention was given to the distribution of ma-
chines per capita. It is becoming clear that actual
equity for technology today goes well beyond ma-
chine counts; in fact, machines are a necessary but
not sufficient component of teaching and learning.
Students in some classes may have access to ma-
chines, but nothing available from or through the
hardware of any real value. Likewise; teachers
need to be able to locate and retrieve information.
<. .aborate with others electronically, and devel-
op and share materials at their own pace and for
their own needs. In the information age, access to
necessary information may be the true measure of
equity. Over the next decade, many individual, lo-
cal, state, federal and business decisions will de-
termine whether this resource is broadly available
or greatly restricted.

At the present time, computer networks, clec-
tronic communities, software for searches and re-
trieval, and myriad other elements of an emerging
information infrastructure are coming into use on
a highly idiosyncratic basis. This takes advantage
of techinology capacity and caters to individual
needs. It means, however, that teachers. schools,
and students can easily miss the boat.

An intense debate is now under way about the
role of education with respect to the emerging na-
tional and global information infrastructure. The
policies that result from this debate may be the
most difficult and important decisions of all. All
sectors of the economy are struggling to come to
grips with the new opportunities. products, and
choices offered through these developing technol-
ogies and policies. The constantly shifting defini-
tion of the system. changing technologies, entry
of new public and private participants. and the
simple newness of the system mean that it is very
hard to articulate policy choices for the near fu-
ture, much less for a decade. Some conclusions
seem clear, however:

g
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= Having ready electronic access to information
is likely to be necessary for schools.

The costs of these services cannot be fully
determined but will include hardware, soft-
ware, connectivity, use of guides and help-
ers to effectively navigate the system, and
fees for line access and use. How the na-
tion’s schools might afford rcady electron-
ic access to information, especially in a
time of restricted or even reduced funding
for education, is a major policy concern.
School districts are facing huge costs just
to bring their aging, dilapidated school
buildings to where they meet basic stan-
dards. The General Accounting Office re-
ports that $112 billion is required for the
repairs, renovations, and modernization re-
quired to restore the nation’s 80,000 public
schools to good condition and to comply
with federal mandates related to accessi-
bility and safety regulations, for major
building features such as plumbing and ¢n-
vironmental conditions such as ventilation,
heating, lighting, or physical security.?’

« Intellectual property and privacy issues arc im-
portant for schools, as they are for other groups.
The K-12 education community, and the col-
lege-of-education communities are not well
positioned to ncgotiate effectively in the open
market or in the regulatory arcna for rights and
access, and are unlikely to have the funding, le-
gal support, and bargaining powcr to protect
themselves, unless there is intervention or
guidance from state and national policymakers
or the private sector.

Congress is considering a number of ap-
proaches for education and the emerging telecom-
munications complex. Some reflect the desire to
apply the concept of “universal service,” con-
tained in the current legal framework for the
broadcasting system, to schools. There have been
suggestions to set aside portions of the informa-
tion infrastructure for school and other public
uses, and suggestions to provide special sources
of funding for school connections to these sys-
tem.3® The education market could possibly be
aggregated into a purchaser that generates sub-
stantial market clout. This model reflects the suc-
cess of some states in centralizing purchasing of
hardware, specifying arrangement for network
connections, and specifying software from com-
petitive vendors. For example, some states have
regulated tariffs and established targeted subsi-
dies for schools. Georgia, for example, through its
state department of telecommunications, procures
telecommunications services for schools at the
same prearranged rate that state agencies pay.3

In California, the Industry Council for
Technology and Learning worked with the Public
Utility Commission (PUC) in developing a PUC
Educational Telecommunications Plan for the
state. When the commissioner, who originally did
not know that the schools were not connected, met
with the state’s education agency, together they
developed recommendations that overcharges to
customers be channeled to education. This
amounted to an estimated $40 million for tele-
communications in the schools per year. As a part
of this partnership, Pacific Bell pledged to con-
nect every school in the state.4® Currently, 18

7008, Congress, General Accounting Office, School Faelines: Condition of America’s Schools (Washington DC: February 1995).

¥ See, e.g.. National Association of Secondary School Principals. Council of Chief State School Officers. National School Boards Associa-
tion, American Library Association, and National Education Association, press release. Nov. 15,1994,

¥ James Barley Matthews, vice chaneellor. Information Technology for the University System of Georgia, Atlanta. GA. petsonal com

imication, Mar. 13, 1995,

Y )ohn Cradler, Far West Education T ab, presantation to Nationat Coordinating Council- Technology i Fducation and Traning, meeting,

Wishington, DC, December 1994,

«f{uﬁt




Chapter 1 Summary and Policy Options 145

~ BOX '1485‘drgani.za'tion'of.the Report .-

This first chapter hightights some of the main findings of the study and lays out several policy options
for Congress. It also analyzes several issues related to educational access to the global information infra-
structure, including rough estimates of cost of and possible financing strategies for developing a telecom-
munications infrastructure with various levels of school access. It addresses other issues relevant to
emerging electronic information sources and teachers, such as intellectual property rights, confidentiality
and privacy of records, and limits on student access to potentially obscene or harmful materials.

Each of the next five chapters begins with a summary of key findings frcm that chapter.

Chapter 2 discusses the potential of technology to support, enhance, and, in some cases, rede-
fine the job of teacher. Based on the actual experiences of teachers as reported in interviews, site visits,
case studies, and published research, the chapter examines why some teachers are using technology and
how it is changing their classrooms and teaching methods. The chapter also describes how technology
can help teachers carry out many of the administrative, productivity, and communications tasks associated
with their jobs. Finally, the chapter considers how technology can be a resource for teachers' professional
growth, whether through formal professional development courses or informal exchanges with colleagues
and outside experts.

Chapter 3 provides a statistical picture of the presence and use of technology in schools today.
The chapter examines the extent to which schools and teachers have access to various kinds of technolo-
gies, including computers, video resources, telephones, and networking technologies. it also looks at how
schools actually use these technologies: how often, in which kinds of classes, and for which kinds of activi-
ties. Finally, the chapter examines state policies for technology access and use.

Chapter 4 analyzes the factors that influence how effectively teachers implement technoclogy. The
chapterexamines multiple barriers limiting teachers use of technology and describes the resources currently
available to support teacher use of technology. Building on case studies of promising practices, the chapter
outlines some approaches that schools and districts are currently using to help teachers learn more about
technology and draws some lessons about technology implementation from these pioneer sites.

Chapter 5 addresses the role of technology In the preparation of new teachers. It examines the
treatment of technology issues in teacher certification requirements and teacher education reform propos-
als. The chapter analyzes the kinds of technology preparation currently provided to teacher candidates.
Drawing on case studies of institutions that have made technology a priority, the chapter also describes
some promising approaches for integrating technology into teacher preparation and highlights ways in
which technoiogy can improve the teacher preparation experience.

Chapter 6 summarizes the federal role in technology-related teacher preparation and professional
development. It outlines current sources of federal support for these activities, the nature and extent of
federal commitment, and new opportunities for federal leadership created by recent legislation. The chap-
ter also examines past federal efforts to improve teacher training and promote technology, analyzing their
impact and their lessons for future federal action.

states are using prefercential telecommunications  for interstate service would fall within the author-
rates as sources for expanding the usc of technolo- ity of the Communications Act of 1934.

gy.4! Legislation proposed (and in effect) at the Congress may be left in a quandary as it consid-
state level speaks only to teleccommunications ac-  ers how much it should do with respect to expand-
cess rates for intrastate service: any special rates  ing the technological capabilitics of elementary

41 Ihid.
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:

Our children face a future in which technology will touch
every aspect of their ives. Teachers want them to
be ready

and secondary schools and colleges of education.
Clearly, federal support for an extensive expan-
sion of educational technologies, even if it were
ideologically desirable, could be costly.4? Be-
cause technologies are advancing so rapidly, there
may never be an adequate, up-to-the-minute an-
swer to the question of whether such investments
are worth their cost.** Some states and local
school districts may be able to take on the burden
of investing in new educational technologics,
even without a definitive answer as to the long-
term payoff, but others will not have the resources.
Given the federal budget deficit, and the tax bur-
dens felt by American citizens in all localities, an
extensive federal investment at this time may not
be possible. The analysis in this report suggests
strongly, however, that whatever investments in
hardware and software arc made, and at whatever

level, with whatever sources of funds, the invest-
ments be made thoughtfully. In this case thought-
ful investment will require that infusions of
resour.es be accompanted by concomitant invest-
ments in the teachers who will be working with
the students and the technologies.

The Department of Education is struggling to
keep attention focused on educational access, as it
works to define what products the education mar-
ket needs and how schools can best participate in
the emerging telecommunications system. Given
the large federal role in interstate telecommunica-
tions issues, if schools are not to be left behind,
Congress will need to pay close attention to this
issue as it debates regulatory and subsidy mea-
sures,

Regardless of decisions made about funding, if
unintended consequences of new technologies are
not to hinder teachers’ access to technology and
telecommunications, policymakers must be vigi-
lant regarding three additional areas pertinent to
education and new information systems. These
areas, discussed earlier in this chapter, are privacy,
particularly with respect to the records of students,
copyright law, and the tradeofts between protect-
ing children from inappropriatc materials and
untoward censorship of emerging networks. Pro-
tection of intellectual property products also re-
quires cffective education of the public about
intellectual property rights. This education could
begin in school as students, teachers and admin-
istrators are connected to online information
systems.

CONCLUSION

Bringing about change in the diversified U.S.
school system is a formidable task. With over 2.8
million teachers in the United States, and 3.3 mil-

42 A discussed carlier, the costs of connecting schools, teachers, and students to emerging information technologies and sources are highly
uncertain. Available rough estimates suggest the costs on a national basis could be minimal (for minimal interconnectivity) or they could be
astronomical, relative to current spending by elementary and secondary schools. In the 1992-93 school year. the National Center for Education
Statistics estimates that puhlic and private elementary and sccondary schools spent $280 bitlion (U.S. Department of Education, Office of
Educational Rescarch and Improvement, National Center for Education Statistics, Digest of Education Swatisties, 1993 table 33, October 1993,

43 True costs will likely vary on both a national and focal basiv depending on what technology plans are developed, the state of current
school infrastructures., technology costs at the time of implementation, and other factors.
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lion estimated to be needed by 2003, any attempt
to “retool” or provide the entire existing teacher
workforce with new skills or knowledge will need
to be done on a very large scale. Most teachers
have many years of teaching experience (the me-
dian is 15 years) and, at a median age of 42, most
attended school before computers were used in the
classroom.

Teachers arc an incredibly diverse group. Some
already have experience with technology—com-
puters at home, for example—while others have
never even been shown how to “boot one up.” And
some teachers are eager to experiment with new
ideas even at the risk of failure, while others have
little interest, energy, or time for experimentation.
The great majority of teachers probably lie some-
where in between.

Technology has been viewed by a few as a frill,
by some as a distraction, and by others as an in-
triguing but peripheral component of education.
OTA finds, however, that technologies offer the
ability to do many traditional things efficiently
and quickly, and a way to encourage entirely new
educational opportunities that may be of vital im-
portance to the next generation of learners. [f these
learners are to make the most of the investments

“made in educational technologies, support must
be given to the teachers who guide and encourage
its use.

Chaptert Summary and Policy Options 147

How can policymakers help to realize a vision
of schools where teachers effectively and careful-
ly identify, enlist, and use electronic and commu-
nications technology to improve learning?

OTA concludes that if the federal government
wants to maintain or enlarge its involvement in
this area, the linchpin of federal policy could be a
set of initiatives that develop and support technol-
ogy, and help teachers in theirteaching and profes-
sional activities. When technology is effectively
harnessed to goals identified by teachers, schools,
states, and national policymakers, it becomes a
vehicle for learning that is powerfully attractive.

One of the principal policy challenges for the
next decade is to lead by exémple and by commit-
ment. The experience of effective technology use
in classrooms needs to be widely shared, evalu-
ated and used as building blocks. Resources are
needed to develop advanced learning products
(hardware, software, curriculum materials, and
tools focused on educational applications); both
resources and farsighted regulation will be needed
to make electronic communities affordable and
well designed for schools. Effective policy and
well-organized private sector involvement could
create technology options that assure resources
arc equally available across the country, for ali
teachers. for all students. in all schools.




The
Promise of
Technology
for Teachers

SUMMARY OF KEY FINDINGS

» Although helping teachers use technology well may be the
most important step to helping students, there are almost no
hard data on the impacts of technology on tcachers; research
has focused primarily on the implications of technology use for
students. For information about the ways in which technology
can help teachers, one must look to surveys, case studies, and
reports from teachers who are accomplished technology users.
The experience of teachers who are adept users of technology
suggests that technology is not a panacea for all educational
needs. Nor does it appear that there is one best way for teachers
to use technology—just as there is no one best technology for
every teacher to use. Instructional goals, teacher ¢xperience,
subject matter or curriculum area, available resources and sup-
port, and student nceds are all factors that affect teacher’s
technology use.

Some teachers use technology in a traditional “teacher-cen-
tered” model of teaching, such as drill and practice for mastery
of facts and content or as tutorials to supplement tcacher-con-
trolled activities. Other teachers use technology to support dif-
ferent, more student-centered approaches to instruction. in
which students conduct their own scientific inquiries or proj-
ccts or engage in collaborative activities, and the teacher as-
sumes the role of facilitator or coach. The latter kinds of
teachers arc among the most enthusiastic technology uscrs,
since technology is particularly helpful in supporting this kind
of teaching.

Student enthusiasm for technology is a powerful incentive for
teachers to usc it. Tcachers who are technology users often re-
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port that technology can make learning more
relevant to “real” life and more engaging and
motivating to students.

Some technologies offer a new set of alterna-
tives to traditional pencil-and-paper testing by
enabling teachers to record, review, and main-
tain records of student performance. For exam-
ple, videotaping a student presentation not only
provides a recorded demonstration of the stu-
dent’s understanding of the subject at that time,
but also creates a “living” record of the stu-
dent’s progress throughout the school year that
can be viewed and discussed by other teachers,
the student, and parents.

Simplifying daily tasks. such as recordkeeping,
may be the most immediate way to involve
teachers with technology. As teachers gain ex-
perience with technology, they often discover
ways it can help them carry out their varied du-
ties better, faster, or more effectively.
Increased communication is one of the biggest
changes technology offers classroom teachers.
Technology, particularly new telecommunica-
tions options, can iranscend the walls of isola-
tion that plague the profession and allow
teachers to converse with colleagues. the
school office, experts in the field. parents. and
others outside the boundaries of the school.
Teachers who are leaders in telecommunica-
tions and other technologies arc demonstrating
how technology can be a vehicle for continuing
formal and informal professional development.
Many technology-using teachers report a re-
newed sense of professionalism when they take
part in such activitics, especially since they
have little time for face-to-face collegial activ-
ity outside the classroom. Telecommunications

can provide a means to give and receive support
from colleagues and enable teachers to expand
their knowledge in all content arcas.

INTRODUCTION

New technologies! are becoming standard tools in
American schools. Recognizing the growing role
of technology in the workplace and in everyday
life, school reform panels have stressed the need
to provide students with skills to succeed in an in-
formation-based economy.? State and local cur-
riculum frameworks have begun to incorporate
standards for teaching students with and about
technology. School districts are scrambling to
keep up with ever more powerful hardware and
software (see chapter 3) and are finding ways to
integrate technology more effectively into
instruction.

At the center of effective use of instructional
technology is the teacher. For students to be-
come comfortable and effective users of vari-
ous technologies, teachers must be able to
make wise, informed decisions about technolo-
gy. However, technology is not a cure-all, nor is
there one single technology iool or application
that must be used by every teacher. As one group of
researchers suggested. “If we abandon the idea
that technology is a panacea—a magic cure for all
that ails our cducational system—we would ex-
pect that sometimes technology will make a dif-
ference and sometimes it will not.”? All teachers,
however, should be confident in applying
technology when and where appropriate. Like
their students, they should be “fearless™ when it
comies to using technology.

U Although tany people view educational technology as synony mous with computers. for the purposes of this report. the Office of Technal-
ogy Assessment adopts a broader definition of educational technology that includes computers, VCRs, televisions, telephones. video and stilt

cameras. audio devices. caleulators and other hand-held devices, microcomputer-based tab equipmient (such as sensor probes and measurement
devices). videodises, C1-ROM. satellites, multimedia, and telecommunications networks.

2 See. e What Work Requires of Schools, A SCANS Report for Amenca 2000, the Secretay < Commission ot Aciies ing Necessary

Skills (W ashington, DC. WS, Depattment of Labor, June 1991).

Ulav P Sivin and £ llen R Bialo, “Microcomputers and Related Technologies AnOvervien, mareporton rescirch covenmy TUR6 thiough

1990,

!;/t
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How are teachers dealing with the influx of
technology in schools? How and why do teachers
use technology? In what ways, if any, can technol-
ogy help teachers do their many-faceted jobs? An-
swering these kinds of questions is a complex,
often frustrating task. Despite the central role of
the teacher in educational applications of technol-
ogy, there has been relatively little research on
how and why American teachers use technology.
Most research about educational technology has
focused on the impact of technology on students;
little attention has been given to its impact on
teachers.

Furthermore, although teachers’ experience
and expertise with technology varies, the data that
doexist about teachers typically focus on a special
subset—the enthusiastic, pioneering teachers
who are “accomplished” technology users. Spe-
cifically, two major surveys assessed the goals, at-
titudes, and activities of accomplished teacher
users of technology* (see boxes 2-1 and 2-2).
While these data do not discuss technology use by
the average teacher, or by teachers in general, they
do offer a vision of how technology can help
teachers.

This chapter describes how technology can
support, enhance, and in some cases redefine the
job of teachers. The Office of Technology Asscss-

ment has derived the information for this chapter
from multiple sources. These include the afore-
mentioned surveys of accomplished teachers; in-
terviews with and observations of teachers
conducted for OTA under contract; site visits by
OTA staff to schools at every grade level across
the country;% conversations with hundreds of
teachers, administrators, and researchers at con-
ferences,” meetings, workshops,8 and over elec-
tronic mail; reviews of literature and evaluations
of local technology implementation efforts from
around the country; and OTA staff experience
working in and with schools over the last decade.
While much of the information from these data
sources is anecdotal, descriptive, and qualitative
rather than quantitative, together these sources
paint a rich, multifaceted picture of teachers’ ex-
periences, often in the teachers’ own words. And
while the examples in this chapter are by no means
all-inclusive, they indicate the varied ways that
teachers around the country are using technology
to carry out their jobs.

It should be emphasized that for teachers to
realize the potential of technology as described in
this chapter, certain basic conditions must be pres-
ent. including adequate hardware, software, guid-
ance, time, and a school climate that encourages

4 Karen Sheingold and Martha Hadley, Accomplished Teachers (New York. NY: Bank Street College of Education, 1990): and Margaret

Honey and Andrés Henriquez. Telecommunication and K-12 Educators: Findings from a National Survey (New York, NY: Center for Technol-

ogy in Education. Bank Street College of Education, 1993).

5 Seeespecially. the following OTA contractor reports: Melinda A. Griffith, “Technology in the Schools: Hearing from the Teachers.” Octo-
ber 1993; John R. Mergendoller ctal..Exemplary Approaches to Training Teachers To Use Technology.™ September 1994; Jerry Willis et al.,
“information Technology in Teacher Education: Surveys of the Current Status™ (Section 3: Survey and Interviews with Recent Graduates),

March 1993,

© During the project (July 1993-December 1994), swaff visited schools in California, Florida. Iowa. Kentucky. Mamz, Maryland, Montana,
New York, Tennessee, Vnginia, Washington, Wyoming, and the District of Columbia. These sites were selected because teachers were actively

using a variety of different technologices throughout the schools.

7 For example, National Educational Computing Conferences, 1988 through 1994; New York State Association for Computers and
Technalogies in Education, November 1994; New York State Education and Rescarch Network Annual Conference, September 1994 Califor-
nia Technology Users Conference, November 1994; and Florida State Information Technology Annual Conterence, 1994,

B OTA Focus Group workshops, August 1994, OTA workshop on Technology Implementation Projects, “What Rescarch Reveals About

Teachers and Technology,”™ Feb. 8, 1994,
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BOX 2—1 How Computer Use Changes Teachmg Results ofa Survey of
- Accomplished Computer-Using Teachers

In 1990, the Center for Technology n Education surveyed teachers who were “experienced and
accomplished at integrating computers into therr teaching.” The 608 teachers who completed question-

naires included teachers from grades 4 through 12 in all 50 states, drawn from a wide range of public
schools and comr .nities nationwide

The teachers who completed the survey did prove to be experienced computer users; most (73
percent) had used computers in their teaching for five years or more. some more than nine years When
asked about the effects of computers on their teaching, 88 percent of the teachers sampled indicated
that computers had changed their teaching.

What kind of changes did the teachers report? First, many of the teachers indicated that, using

computers. they expected more of their students (72 percent) and could present more complex material
{63 percent) As one teacher wrote.

| have been able to increase student productivity and enhancelaboratory routines by implementing the computer
as a lab tool Students become better problem solvers and divergent thinkers when they are able to focus their lab
expenments In their own direction using the computer 2

Second, many of the teachers said that the computers permitted greater individualization in their
ecching (81 percent) and facilitated more independent student work (65 percent). Seventy percent of
these teachers felt that the computers allowed them to give greater attention to individual students:

My lectures are shorter on the topics covered by the software | letthe students set their ownindividual pace. and
take responsibility for their own learning it gives me more time to float around the classroom and interact with the
students on an indiviuual basis 3

Third. many of these teachers reported that integrating the computer enabled them to spend less
tme lecturning to the entire class (52 percent). or more time to conduct work in small groups and
one-on-one with individual students (43 percent) '

| have become more comiortable inthe role of facilitator as opposedto alecturer lamable to encourage Children
to find answers for themselves as oppcsed to giving them answers 4

Data from this survey aiso suggest that it took time—five or six years—for these teachers to master
the use of computers as a multipurpose tool in their teaching. According to the researchers'

[Fwe to six years} appears to be the point at which they [teachers] have a well-organized, workable set of
practices Withthis foundation. they canflexibly make choices about using new apphcations and about using faminar
applications differently

¥ Although inclusive of ali reqions of the country the sample was not. nor was it ntended to be. representative of all teachers or
schools The researchers wantrd 10 question those teachers who were known for and expenienced in the use of computers in their
teaching Tn locate suchteachers the researchers contacled state and localtechnology directors. hardware and software vendors.
professional organizations leading educators and researchers in the field, and others and asked themto nonunate teachers rcog-
nized for their accomplishments using computersin their teaching The final sample of teachers was foundto berepieseniative of the
demographicsof public schools nationwide nterms of school size regionofthe country. s1zeof town or city. and ethnic composition of
“tludent populations The sample had a somewhat higher representabon of high schools and schools from lower Income levels

< See Sourcr: below 14
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BOX 2- (cont'd 3 How Computer Use Changes Teachlng Results of a Survey of )
Accomphshed Computer-Using Teachers

Accomplished Computer-Using Teachers: How Their Teaching Has Changed

AGREEMENT WITH STATEMENT

| can expect more from my students in terms
of their pursuing and editing their work.

| spend more time with individual students.

1 am more comfortable with students
working independently.

| am better able to present more complex
material to my students.

| am better able to tailor instruction to
their indvidual student needs.

| spend less time lecturing to the entire class.

| am more comfortable with small-group
activities.

| spend less time with the whole class
practicing or reviewing material.

Percent of teachers

NOTE Based onthequestionnaire responsas of the 494 teachers (88 percent of the sample) who reported that computers had made
a difference in their teaching

Although many of these tcachers were highly motivated. and had developed impressive expertise in
using computers n therr classrooms. all of these teachers faced at least some barriers as they tried to
integrate computers into their teaching The barrier most often cited by teachers was the lack of time to
develop lessons that used computers. Other significant barriers mentioned were problems with schedul-
ing enough computer time. too few computers for the number of children. too few printers or other
peripherals, inadequate tinancial suppaort. and not enough help for supervising student use of computers

Why did these teachers persist with this challenging task? Of 29 possible incentives for incorporat-

1g computers into thewr teaching the most highly rated by these tcachers was that computers became
a tool for children that works for them n therr learning such as writing analyzing data. or solving
problems * Other incentives rated as important were that computers increased the enthusiasm of the
students and helped teachers make a subject more wleresting. these teachers also reported being
molivated by therr own professional growth with a high share noting that they denved “personal
gratification from the learning of new skills ~

SOURCE Karen Shemngold.and Martha Hadley Accenipiehied Teadbers lutegrateg Computers nto Class roorm Practice (New York.
NY Center tor Technology n [ ducation Bank Streel College of Educaton September 1990
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teachers to use these resources in innovative ways.
The existence of these conditions is far from com-
monplace, as chapters 3 and 4 explain in more de-
tail.? Chapter 5 discusses whether new teachers
are being prepared to enter classrooms ready to
use the technologies at hand. It should be stressed
that the acco:nplished icachers whose experience
is described in this chapter probably make up only
a small percentage of all U.S. teachers.

TECHNOLOGY AND THE JOB
OF THE TEACHER

It's February, and the 6th grade is at the beach. 10
This half of the school year, across all subject
areas, 6th graders are working on an environmen-
tal theme. They have chosen four sites near the
school, and every two weeks they returr to those
sites to compile datu. Today they are working in
small groups, collecting samples of plant life, wa-
ter, and crustaceans to bring back to their science
classroom for further analysis. They will store
their findings in a computer database, which they
can access and use in other classes, such as histo-
ry or math.

On the beach, the teacher walks from group to
group; using a hand-held, pen-based computer,
she jots down observations about the students as
they are learning. She can record notes about a
particular group’s work habits or the individual
learning styles of a student. The teacher can use
the hand-held device to refer to previous observa-
tions, recall u student’s particular weakness, and
ask questions to see if that student has gained
greater understanding of the material or the proc-
ess. When the group returns to school, as the stu-
dents conduct experiments and record data, the
teacher can download her observations from the

hand-held device to her desktop computer, which
is connected to a schoolwide information man-
agement system. Other teachers can have access
to the data, too, so if a student is having difficulty
in a certain area, the teachers are able to address
the problem together.

Teachers must carry out many tasks to make the
learning experience a rich one. They must guide
and encourage students, provide varied learning
experiences, keep track of student progress, and
evaluate student leamning. In reality, this means
they must regularly find and organize informa-
tion, create lesson plans, grade papers, maintain
extensive records, and deal with arange of admin-
istrative duties. And, as with any profession, they
must keep current with developments in their
field.

OTA finds that technology can be a power-
ful tool for helping teachers with all the differ-
ent parts of their job: enhancing instruction,
simplifying administrative tasks, and fostering
professional growth activities. The experience
of some teachers further suggests that technology
can help redefine the role of the teachers, in and
out of the classroom.

Although teachers have long accomplished the
manifold tasks required in teaching without
technology, some teachers who have learned to in-
tegrate technology tools into their teaching have
found them to be useful in ways they had not
imagined. These teachers describe how technolo-
gy makes it possible to nieet current instructional
goals or pursue altogether new goals. Some find
that using various technologies allows them to
teach in entirely different ways (sce boxes 2-1 and
2-2).

9 Chapter 3 fooks at the amount of technology present in schools today and teachers” aceess to vanous technologics. Chapter 4 explores
wotmie of the barriers that atect technology use by teachers, as well as some models and lessons for how schools can foster more widespread and

cticctive use of technologs by teachers.

e Thusis a fictional composite of s arious activities at sites visited by OTA in spring 1994. However such projects do exist, For example. the
tilobat Thinking Project at Georga State University engages teachers and students in collaborative investigations of their local environments
and i global discussions of envirommental 1ssues using 3 telecomnunications network. The projectis funded through the ULS. Eisenhower
theher Fdueation program and the U8, Environmental Protection Agency.
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" BOX 2:2: How Tea‘phérs Use Telecommugications: Resuits of aSurvey of

Teachers Who Are Telecom Pioneers

To understand better how telecommunications resnurces are being used in schools, in 1833 the Center
for Technology in Education undertook a survey of K-12 teachers actively involved in using telecommu-
nications. To find such a group, they posted online announcements on more than 50 educational, com-
mercial, and state-run telecommunications networks. They also solicited respondents through mailing
lists, conferences, state education departments, and professional contacts. Of those teachers who were
contacted in this manner, 550 completed questionnaires '

The teachers who responded were an experienced group (83 percent had been teaching for 10 or
more years) and were heavily concentrated in jobs directly related to using technology in instruction, such
as computer specialist or library media specialist. Most (82 percent) of the respondents reported using
computers in their teachung for five or more years, on average they had been using telecommunicaticns
for professional reascns for more than four years. Almost all (81 percent) had access to a computer at
home; 73 percent had access to a modem at home

Teachers were surveyed about the kinds of professional activities for which they used telecommunica-
tions. The most frequently reported activities were those used for collegial exchange, including sending
e-mail to colieagues (76 percent of teachers reported doing so) and posting questions or exchanging
ideas on forums and builetin boards (62 percent). A substantial number of teachers also reported using
telecommunications for information retrieval, such as accessing databases that contained information
relevant to students (51 percent) and databases of educational research (49 percent), downloading
curriculum materials (44 percent). accessing librarnies (39 percent), and accessing information for col-
leagues (46 percent) A quarter of the teachers responded that they used telecommunications for one of
these functions every day Fewer teachers reported using telecommunications for administrative tasks.
such as planning meetings (34 percent) and obtaining schoolwide information (18 percent) or attendance
records (8 percent). This may be because many of the schools in which these teachers worked did not
have the network infrastructure needed to perform such schoolwide functions. For example, 45 percent of :
- the schools did not have a local area network (LAN}). and 43 percent of those with a LAN reported that it
was restricted to one room.

Teachers were also surveyed about the most frequent uses of telecommunications for student learning,
which were less regular than teacher professional uses. The most frequently cited activities involved
students’ accessing services and databases. including encyclopedias (57 percent of teachers used them
with students). news retrieval services (54 percent). weather information (50 percent), Educational Re-
search Information Center (ERIC) and other educational databases {48 percent), and scientific databases
(39 percent) Classroom exchange projects were the other major use of telecommunications with students;
these activities included pen pal exchanges (41 percent of teachers reported using these), scientific data
collection and exchange (34 percent) and social awareness exchanges (33 percent) Far fewer teachers
(about 7 percent) reported using telecommunicatrons activities with students on a daily basis.

! The authors of the study report that across size type of school and ethnic and economic representation. the schools in our
sample are comparable to national averages Although there i1s a trend taward more suburban schools inour sample thanisthe case
nationally our economic data suggest that our sampie does not represent more affluent communities in fact. the percentage of
schools whichreport that ther students recewe tree o reduced price lunchesis shghtly greater inour sample thanis the case nation-
ally

(continued)
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. BOX é-2 (coﬁtf_d ) How Teachers Use Telecommunications: ‘Results of & Survey of
- Teachers Who Are Telecom Pioneers

How Teachers Use Telecommunications for Professional Activities

MOST FREQUENTLY
REPORTED ACTIVITIES

Sending e-mail to colleagues

Using forums or bulletin boards

Accessing relevant student
information

Accessing educational research

Participating in discussion forums

Accessing information for
colleagues

Downloading curriculum

Accessing libraries

Percent of teachers

NOTE Based on survey resporses of 550 teachers who wete actively involved in using telecommunications

More than a third of these teachers reported that they served as telecommunications resource
people and facilitators for their colleagues Approximately one-quarter reported that they were the sole
users of telecommunications in their schools; another quarter reported that several teachers in therr
schools used telecommunications for activities unconnected with each other Only one-tenth of the
respondents reported collaborating with other teachers in their building on telecommunications activi-
ties More than half of the respondents descnbed themselves as the principal catalyst for their schools’
telecommunications activities

The most frequently mentioned barriers to effective telecommunications use included nsufficient
telephone lines. lack of time n the school scnedule. inadequate communication apout school and
district telecommunications activities. and lack of funds to cover the cost of network services

SOURCE Margaret Honey and Andrés Henniques  Teleconrunications and K-12 Educators: Findings from o Natiunal Survey (New
York, NY Ci oler for Technology in Education. Bunk Street Coflege of Cducation 1993)




Q

ERIC

PAFullToxt Provided by ERIC

Chapter2 The Promise of Technology for Teachers 157

In addition, some teachers find that technology
can enhance their personal productivity. And—
perhaps the most exciting finding—some note
that technology can help support their profession-
al growth and enable them to continue to learn and
improve their teaching skills.

There are many technologies available in
schools today, with a wide range of applicationsto
teaching and learning. There is no single best
technological medium that suits all teachers
equally well. Some teachers have focused on ex-
ploring applications of the computer; others a vid-
eo camera or video cassette recorder. And, in
growing numbers, some teachers have become en-
thusiastic about the instructional and professional
applications of telecommunications technologies
to reach out to others and to a wide range of re-
sources.

Similarly, there does not appear to be one
best way for teachers to implement technology.
Different teachers and schools find different rea-
sons and methods for using technologies. In the
survey of teachers accomplished in telecommu-
nications, many were using it to send electronic
mail (e-mail) to colleagues (two-thirds of those
surveyed); fewer (approximately 40 percent) used
it for student pen pal exchanges.

USING TECHNOLOGY TO
ENHANCE INSTRUCTION

Teachers use new technologies for the same rea-
son they use books, worksheets, and other teach-
ing tools—to help their students learn. Evidence
from an array of studics indicates that technology
in the classroom can have a positive impact on stu-

Teacher Kameron Conner incorporates technology into her
classroom instruction when and where it makes sense. Here,
a second-grade student records his voice as he reads from a
book. When parents visit the class, they can hear their child
reading and record a message back to the child.

dent learning, in terms of achievement in certain
subject areas, development of skills, and attitudes
toward school (see box 1-1 in chapter 1).!!

Although early research tended to focus on “the
computer” as an independent variable that some-
how affected the learning process, it is becoming
increasingly clear that technology, in and of it-
self, does not directly change teaching or learn-
ing.1? Rather, the critical element is how
technology is incorporated into instruction. In
areview of research on computers and basic writ-
ing instruction, for example, the researchers con-
cluded:

... the most effective utilization of computer
software in the basic writing classroom com-
bines the best of writing instruction theory with
a creative use of computer technology. Only
well-informed. trained and caring composition

Ngee.e.g. CL.C. Kulik and ). Kulik, “Effectiveness of Computer-Based Instruction: An Updated Analysis.” Computers in Human Behay--
ier.vol. 7. 1991, pp. 75-94: Ann D. Thompson et al., “Educational Technology: A Review of the Research.™ Association for Educational Com-
munications and Technology, 1992: ). Pisapia and S.M. Perlman, Learning Technologies in the Classroom: A Study of Results (Richmond, VA:
Lducational Rescarch Comsortium, December 1992), Ellen Bialo and Jay P. Sivin, “Report on the Effectiveness of Technology in Schools,
1990-92." Software Publishers' Association, Washington, DC, n.d.; Stanley Pogrow, “[.carning Dramas: An Alternative Curricular Approach
10 Using Computers with At-Risk Students,” in C. Wagner (ed. ), Technology in Today's Schools (Alexandria, VAT Association for Supervision
and Curriculum Development, 1990y and Cheryl M. Kane. Prisoners of Time, Rescarch, report of the National Education Commission on Time
and Leaming (Washington, DC: LS. Government Printing Office, September [994), p. 29.

12 Ann 1. Thotapson et al., “Educational Technology: A Review of the Reseatch,” Assoviation for Educational Communications and

Technology. 1992, p. 43,
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" BOX 2-3-“The Adveftures of Jasper Woodbury”,

In recent years, many researchers and educators have been trying to develop new instructional
approaches that focus on helping- students learn to think and reason about important, complex prob-
lems; many are finding that technology cain be a valuable tool in implementing these new instructional
approaches. For example, researchers in the Cognition and Technology Group at Vanderbiit University
have developed a videodisc-based set of materials, "The Adventures of Jasper Woodbury,” that en-
gage students In complex mathematical problem solving Central to these materials is a particular
theory of learning—a "constructivist® approach that emphasizes student opportunities to engage in
in-depth exploration, evaluation, and revision of their ideas over extended periods. The mathematics
content and theory are consistent with the kinds of revisions to traditional mathematics curriculum
suggested by the National Council of Teachers of Mathematics (NCTM).! "The Jasper" researchers
have also focused on designing special environments that make learning meaningful to students by
"anchoring” instruction in a real-life context. Each "case" or problem involves complex situations that
require students to formulate and solve a set of interconnected subproblems. The essence of the series
is a set of narrative episodes. In each story, the main character is faced with a complex problem to
solve (e.g.. computing the fuel necessary to fly into the forest to rescue a wounded eagle, or drawing
up a business plan, using statistics. for a booth at a school carnival) Students are challenged to solve
the problem using data presented in the story. Teachers are encouraged to have students work in
cooperative groups to consider alternative solutions to the problems. A variety of supplementary and
supporting activities al.ow teachers to use the materials in many different ways in their classrooms.

Video has been found to be key to the design of these instructional materials, in part, because of its
capacity to anchor e problem-solving situations in real life situations. "The video is also important
because it brings thc world into the classroom in a manner that motivates students, and it makes
complex mathematicai problem solving accessible to students who have difficulties imagining complex
situations by reading.” the researchers report.

Research about the effectiveness of the Jasper series indicates that, after a year of using the
program, students who received Jasper-based instruction outperformed control subjects on complex
mathematical word problems, as well as on ptanning and subgoal comprehension problems; they also
demonstrated significantly improved attitudes toward mathematics

' NationalCouncil ot Teachers of Mathematics. Curniculum and Evaluation Standards for School Mathematics (Reston, VA NCTM.
1989)

SOQURCE Office of Technology Assessment. based on Cognition and Technology Group at Vanderbiit University. “The Jasper Series
as an Example of Anchored insiruction. Theory. Program Description. and Assessment Data.” Educational Psychologist, vol 27, No
3. 1991 pp 291-315

instructors will help to bridge the gap between in “The Adventures of Jasper Woodbury,” look

technology and humanity.!? particularly promising (see box 2-3).

Certain applications, such as the approach tak- Although Jasper is just onc example of how
en in the video-bascd problem-solving materials ~ new ideas about teaching and leaming can be im-

1Y M. Valeric-Gold and M.E. Deming. “Computers and Basic Writers. A Research Update,” Journal of Developmental Education, vol. 14,
No. 3. spring 1991, pp. 10-14.
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plemented with technology, it also illustrates the
difficulty of sorting out the “effects” of the
technology itself. In this particular example,
many design and implementation features—a
theory of learning and cognition, particular math-
ematical goals and skills, varying methods and ap-
proaches for using the materials in the classroom
with students—all combine with the technology
to affect student learning. Additional research is
needed to develop a deeper understanding of
which instructional uses of technology are most
effective and under what circumstances, and how
teacher interaction with technology plays into this
effectiveness.

While improving student learning is a central
goal, technology-using teachers express enthu-
siasm for additional instructional benefits of
technology that may or may not be reflected im-
mediately in measures of student learning: bring-
ing a wider range of resources to the classroom,
motivating learners, providing new teaching
tools, accommodating individual learning styles,
and even redefining the role of the teacher. These
applications—discussed in the sections that fol-
low—are the most typically mentioned when
technology-using teachers use words like “trans-
form,” “rclevant,” “flexible,” and “motivating” in
discussing why they use technology in their class-
rooms.

I Bringing New Resources
into the Classroom

As technologies have become more widely avail-
able, they have made it increasingly easy for
teachers to access a broader range of materials
they can use in the classroom. At the most basic
level the copying machine has allowed teachers to
make copies of articles, charts, or instructional
matcrials from outside sources and share them di-
rectly with students. Supplementary computer
tools—such as scanners or digitizing cameras—
allow teachers to bring in outside sources, enter
them into a computer, and customize assignments
for students. For example, a tcacher can bring a
timely article from the morning newspaper into
class, scan it into the computer in minutes, and

Telecomunications projects expose students and teachers to
resources and people that might otherwise be inaccessible,
often in ways that were unimaginable only a few years ago.
For instance, the Global Schoolhouse project (above)
connects classrooms using different technologie::. such as
Corriell University's CU-See Me software, which requires
telephone lines and a camera mounted near the computer S0
video conference participants can see each other on their
computers.

have her students work on rewriting, editing, or
adding research to the story on the same day. Stu-
dents can browsc interactively or conduct elec-
tronic research searches in CD-ROM databases,
encyclopedias, or other reference works. Thus,
not only do technologies allow access to a broader
range of instructional resources. but they also of-
fer students the opportunity to learn to use elec-
tronic tools to access information and develop
rescarch skills using the technologies they will
face in the future.

Telecommunications creates even broader pos-
sibilities for transcending school walls and ac-
cessing a wide range of learning opportunities and
resources. Today. computers with modems, telc-
phone lines, and local or wide area networks en-
able teachers and students to explore worlds
beyond their immediate reach, such as perusing
the card catalog at the local library for a list of
books on a research topic, sharing weather data
with scientists on a network, or previewing soft-
ware to seeif itis appropriate fora particular grade
level.

Many of the teachers who access telecommu-
nications networks do so after school or at night,
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on their own time and very often on their own
dime—but they say it is worth it. For instance, a
teacher in Arlington, Virginia, said that she pays
for her subscription to America Online because
communicating with a scientist at a national re-
search lab is a great way to get ideas for student
projects or to encourage students in their work.'4
Teachers who use telecommunications re-
sources particularly mention the ways it can “ex-
tend the learning environment” for students: !3

» “Electronic networks bring real equality of

education to all students. My inner-city stu-
dents were learning and participating with pri-
vate school students who have access to very
specialized equipment. Through Internet, my
students were unaware of the social status of
these students. It was wonderful to watch them
exchange scientific information with students
they would be very uncomfortable with in a
classroom.”
“It has expanded our classroom ... blown
away the walls . . . filled us with a sensc of pos-
sibility . . . made us less provincial . . . person-
ally involved us with the nation and the world.”
“We're more keenly aware of a world outside
the classroom, in the sense of being able to
reach out to information resources and not op-
erate in a vacuum.”

Telecommunications can connect students and
teachers—sometimes instantaneously and simul-
tancously—to poets or politicians, musicians or
religious leaders, university professors or re-
searchers on a national supercomputer. or other

students down the block or on the other side of the
world. The number of these telecommunications-
based activities is growing rapidly, in part because
of teacher and student enthusiasm for the opportu-
nity to collect, share, and evaluate their ideas,
data, and writing with classes in other schools and
states or even in foreign countries. Some of these
links are initiated by individual teachers on a
class-by-class basis. Increasingly, telecommu-
nications-using teachers are finding that connect-
ing to a “listserv”1® gives them immediate access
to classes sharing a common interest in a particu-
lar topic. For example, “GLBL-HS” is a listserv
created by two New York teachers for teachers and
their students interested in discussing world cul-
tures.!” Another listserv, called the “Noon proj-
ect.” involves classes at different latitudes where

- students measure the shadow of a meter stick at

noontime. Based on these measurements and the
latitude of each site, the classes calculate the di-
ameter of the earth.!8

There are also a number of more extensive cur-
riculum-based telecommunications projects us-
ing electronic networks. While many teachers
have long used project-based teaching!® and con-
tinue to do so without technology, many teachers
are enthusiastic about what technology can add by
extending the project beyond the classroom.
These projects have typically been created with
federal or private support to cover the costs of cur-
riculum development, organization, and teacher
support. Some projects, such as the AT&T Learn-
ing Circle, Kid Link, and the International Poetry

14 Bonnie Bracey, Ashlawn Elementary, Arlington, VA, OTA site visit. Dee. 21, 1993,

15 Camments taken from educators v ho responded to an online request for information. Glona G. Frazier and Daneen Frazier. Teleconimu-
nications and Edwcation: Surfing and the Art of Change (Alexandria, VA: National School Boards Association, 1994), p. 23,

16 Lystservy are lists ereated on telecommunications networks for discussion of topics of common interest. Some are moderated. with the

organizer guiding and franung the discussion, but others are unmoderated and more free form.

1T NertEACH NEWS, vol. 2, No, 6, Nov. 29, 1994, p. 7,

IR TERC, "Review of Research on Teachers and Telecommunications.” OTA contractor report, Washington, DC, May 1994, p. 25,

19 Pyeggec t-based teachng reters to teaching activities in which sudents develop shills and understanding in the context of carrying out

projects that require thent to apply these rdeas and processes.
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Guild, center around writing and the humani-
ties.29 Most projects, however, focus on science
and mathematics, reflecting initial developmental
support from the National Science Foundation.
They include Global Lab (see box 2-4), an envi-
ronmental education curriculum primarily for stu-
dents in junior high and high school; the National
Geographic Society’s Kids Network, which pres-
ents science topics to upper-grade elementary
school children; Kids as Global Scientists, in
which elementary school students around the
world exchange, compare, and study weather data
with each other and mentors; and the Weather Un-
derground, a similar weather study project linking
students throughout Michigan.2! Projects such as
these can supply the focus and boundaries for in-
teraction and can provide teachers with the con-
tent, accompanying materials, organizational
help, and technical assistance they may need to
work telecommunications into their curriculum
and lesson plans.

I Developing New Forms of Instruction

Some teachers are creating new teaching tools
with technology that facilitate new forms of
instruction. For instance, a teacher who wished to
give her students a better understanding of music
created a multimedia set of musical instruments
the students could “play.” Using Hypercard??
software on her computer equipped with a CD-
ROM to play sound, she designed her own
instructional software around a set of musical
instruments and the sounds they make. Each pic-
ture of an instrument has a “button” the students
can click on to hear the instrument’s sound. The
students can play the “game” of recognizing the

ONI YRLNWOD 3ddY

Students can “play* various instruments on the computer with
MIDI (musical instrument digital interface) software, which
increases not only the students’ familiarity with instruments,
but can enhance their understanding of the way mnstruments
interact.

instrument by its sound only. It is not the same as
having the real instruments in the classroom—a
luxury most schools cannot afford—but the stu-
dents can “play” the instruments on their own, and
it is a lot more quiet. According to the teacher, the
software has been extremely su :cessful with her
students. “T am already able to see how the chil-
dren’s increased familiarity with instruments car-
ries over to the music appreciation class,” she
said. “They are beginning to understand why a
composer might choose a certain instrument to
convey a particular image or emotion.”2?

By encouraging students to use computers, vid-
co, and telecommunications in tandem with tradi-

20 AT&T Learning Circles, based in New Jersey. discontinued its network at the close ot the 1994-95 school year; Kid Link is an intemation-
al dialog based in North Dakota: and the International Poetry Guild is at the University of Michigan, Ann Arbor.

21 Global Lab is based at TERC, Cambridge, MA: Kids Network, National Geographic Society, Washington, DC; Kids as Global Scientists,
the University of Colorado, Boulder: and Weathier Underground, the University of Michigan, Ann Arbor.

22 Hypercard is a software program designed to create multiple pathway s for moving through a body of related material, allowing the link-
ing together of information following an associative, rather than linear, train of thought,

23 Rhonda Coleman. music teacher, as guoted i John Steinmietz, *What Are These Things Good For, Anyway ™ technical report for Apple

Computer, Inc., 1993, p. 10.
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" BOX 2-4: Global Lab: Collaborative Research for Teachers and Students

The Global Laboratory (GL) Project, developed by TERC! and funded by the National Science
Foundation, engages middle- and high-school students and teachers in collaborative, hands-on, proj-
ect-based investigations of environmental phenomena. Global Lab enables teachers to implement in
their classrooms an advanced form of science teaching that is experiential and process-centered and
that goes beyond memorizing facts and canned lab expernments. A specially designed telecommunica-
tions network links classrooms around the world with data exchange and analysis capabilities. The
network makes classroom collaborations possible on both regional and global scales

In order to prepare students and teachers for collaborative classrocm science. the curriculum uses a
developmental approach that leads students from carefully supported, skill-building activities to more
open-ended research investigations. The sequence is designed to introduce students to the process of
real science, empower them with essential skills for “doing science,” and then direct them to their own
hands-on, real world investigations. The preparatory phase of the Global Lab year 1s called "Building
Investigative Skills,” and the investigative stage is called "Advanced Research.”

Students and teachers begin with a community-building activity in which classes send information
about their schools and community to other sites. As they do this, they learn how to manipulate and
navigate around the telecommunications software. For example, a class in the Czech Republic wrote:?

Ourtown is a very old one It was founded in the 13th century and has evolved under both Czech and German
influences The townis known as the "Pearl of South Bohemia.” There are however many factones with smoking chim-

neys and outflows into the rivers, so we have already had experience with ecological problems So we would be very
glad to help any research into some of them

A teacher 1n Hawaii describes her class’'s reaction to data it recerved from other Global Lab schools:

The students located GL schools onthe map . and looked up information about the schools in our cluster Dur-

ingthis time, my class got involved with longitudes and latitudes and made some interesting discoveries about their
perceptions of where certain cities were!

The GL curiculum emphasizes the process of science and leads students through a series of
hands-on activities to ntroduce them to kev aspects of this process. such as the importance and
history of collaborative science, the need for calibrations, measurements, standardization. international
units, and reproducibility; and typical sources of errors Each class selects a focal site o study
environmentally over the school year, and they begin to assess its environmental health and quality
Students start with qualitative observations of their sites, based on their senses (e g., what do we see,
feel, hear, smell at the site?) Working first without quantitative tools. they soon begin to develop an
appreciation for the need for scientific instrumentation .

At this point, the curriculum introduces students to low-cost. high-tech tools developed or provided
by TERC, and then requires them to use these tools to conduct a quantitative analyses of their study

TTERC. based n Canbridge  MA. 15 2 nonprolit ednication research and development organiZzdation. dedicaled to science and
math Since 1990, Global Lab has invoived over 400 classrooms from 30 countries around the world

? Exceptas noted otherwase aliquotes are alltaken from Berenleld - Technology and the New Modet of Science Education” (see
"Source” below)
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“BOX Q—4~.'(cont’d.): 'Glbb'al Lab: Cf,‘b"aboétive Résearch for Téachers and Students - .

sites. This model features an activity called “Environmental Snapshots.” At the same hour (solar noon) on
the same day, Global Lab students around the worid make an environmental profile of their study sites.
They measure parameters such as light intensity, carbon dioxide concentrations, air and soll temperature,
and soil mosture at their study site, then compile their data and exchange it with other schools. They
compare findings with projectwide data and formulate research hypotheses to explain observed phenome-
na. The Hawaii teacher further describes the process:

Thenthey finally chose whichteamsthey would like toworkon askedthe Engineernng Teamto be responsible for
takingmeasurements of air temperature, humidity. amount of hightusing a luxmeter. and alsoaradiometer,tomeasure
pH. andwind speed. Meanwhile, the Ozone Team watched the videotape on how to assemble their devices. The
Audio Team began writing their introductions . .the Art and Writer Team began musing about therr study site . . . It
was a pleasure watching and listening to them comparing notes, discussing their work.

Students and teachers are then prepared to begin the project's second phase, Advanced Research.
Each classroom begins an in-depth investigation at their site in one of five research fields including air
and water quaiity, environmental chemustry, ionizing radiation and stratospheric ozone, and biodiversity
and field explorations. A class in Texas explained their choice:

Our classes chose Environmental Chemistry because we are concerned about the results of local industry and
agnculture in our water. sail, and air. Also, we would like to know if the recent flooding has affected the chemical {bal-
ance) in these areas

The students discuss therr work online with other schools and are encouraged to tap into local
resources, outside scientific collaborators, and scientists from TERC After conducting their investiga-
tions, the students in each classroom prepare a research report and then conduct "peer reviews” of
other students' reports. An important part of the curriculum s teaching students about the ethics of
science and the need for and nature of peer review

Global Lab presents a challenge to many teachers Often, participating teachers are learning content
and technology use alongside therr students Furthermore, the open-ended. Inquiry-based environment
s different from the practices of many teachers To help teachers make the transition to project-based
pedagogy. Gicbal Lab provides them witt tools. materials reinforcing the concept of contextual relevance
for student learning. a curricular framework, guidance for engaging a class in this model of scientific
inquiry and collaboration. and. perhaps rmost important. oniine support A Massachusetts teacher said.

It's hetped me focus more on the research process and the scientific thinking process. whereas before | think I'd
gottennto the rut. havingtaught 25 years, of wst gvingthemactivities, having them fill out the sheets. andthat'sit So
this has forced me to start them thinking abc ut hypothesis and guessing and thinking about what makes an expert-
rnent valid. and all the vaniables that could he I the expenment that nught affect the data

A Texas teacher admitted

The thing was that starting into this project. nobody knew anything. including myself Wehad noidea whathad to
be done to study the problem we elected Everybody had to go out and research it and it turned out that instead of
jearning it out of a textbook or beinglectured about it. we were doing everything by trial and error step by step Andto
me it was more real science thanwhat younormally getinascienceclass  I've learned more this yearthan probably
in 13 yeurs of teaching science

(continued)

Q

ERIC

PAFullToxt Provided by ERIC




64 | Teachers and Technology: Making the Connection

: -BOXI2-£"1 (contd.): G!bbal%éb:Collabérativ‘é— Reséarch for Teachers and Students

Although there has been no formal research into the impact of the Global Lab model on teachers,
preliminary evaluations revealed a great variety in the way teachers implemented Global Lab in their
classrooms. These ranged from afterschool science clubs to a fuil science course.

Itis our core curnculum and from it we build other subjects. Whenwe study water in Global Lab, we study water in
history. its relationship to wars, and so on, how cities are created on it We use it to wnite for English and we study
English from it We take all our field trips connected with it 3

As a project pioneering new teaching paradigms, Global Lab experiences suggest that giving
curnculum support based on a developmental model can encourage teaching with collaborative,
hands-on science investigations. When such pedagogy s enhanced by telecommunications, innovative
software and hardware tools, and online collegial and expert support. this approach to teaching
science reflects the kinds of relevant, inquiry-based scientific study recommended in the emerging
national standards recommended by the science education community.4

3 See "Sources” below. Tinker and Berenfeld. p 15
4See. e.g . American Association for the Advancement of Science, Benchmarks for Science Literacy (New York, NY Oxford Uni-

versity Press. 1993) and National Academy of Science. National Science Education Standards (Washington OC NationalAcademy
of Science. 1994)

SOURCES Office of Technology Assessment. 1995 based on Bornis Berenfeld. “Technology and the New Mode! of Science Educa-
ton The Globaltab Experience.” Machine-Mediated Learning, vol 4,Nos 283.1994. pp 203-227.Barbara Tinker and Boris Beren-
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feld, "Patterns of Use. Global Lab Adaptations.” Hands-On/. fall 1994. vol 17.No 2 (Cambndge. MA TERC). pp 14-15

tional materials, such as textbooks and other print
or library resources, teachers can also give both
their own lessons and student assignments more
content and depth (see box 2-5). For example, in
the social studies classes in Montgomery County,
Maryland.?* the teachers have been provided mul-
timedia “MacPacs, 2> to develop lessons based on
texts, photos, TV or film footage collections on
videodisc, or other powerful content that cannot
be found in other media. Teachers also require that
their students use these resources to create multi-
media reports. Instead of the traditional approach
to written reports (“‘use a minimum three different
print sources and only one from the encyclope-
dia”). a teacher can suggest that students include
clippings scanned in from a newspaper, maps.

pieces taken from primary sources or family jour-
nals, photographs, references from the CD-ROM
encyclopedia. or text with highlighted words that
correspond to a student-created glossary, in addi-
tion to the other traditional research materials.
Students thus must extend their research to in-
clude a variety of information sources; draw upon
multiple ways of representing events, perspec-
tives and interpretations: evaluate which materi-
als work best for the presentation required; and
then synthesize this material into a cogent multi-
media message.

For example, for a report on Martin Luther
King, Jr.. a teacher in Kentucky has her high
school students view a full-motion videodisc seg-
ment of the civil rights Ieader delivering his “I

24 Linda Spoales. social studies resource teacher, Moentgomery County. MD, OTA site visit Dee. 14, 1993,

33 The “MacPac workstations cach include a Macintosh 1.C computer, 4 CH-ROM drive, a level HEvideodise plaver. and a passive-matrix

LCD display panel (for overhead projection of the computer sereen), Each depattinent also bas a 31-inci television.,




Q

ERIC

PAFullToxt Provided by ERIC

Have a Dream” speech.26 Powerful as the speech
is, it takes on additional impact when the student
searches other video materials and discovers pic-
tures of segregated lunch counters or water foun-
tains with “Whites Only” signs, views film
segments of speeches by other civil rights leaders
and segregationists, reviews documents that sup-
port Dr. King’s statements, and examines evi-
dence in contemporary news articles that suggest
whether or not his dream has been met. The proc-
ess is as important as the product, as students
develop valuable skills in finding, evaluating,
organizing, and communicating many types of
information, using new technologies as well as
traditional research materials. Although stu-
dents could go to a library, read books, watch vid-
eos, and interview people, technology has the
means to bring together all those original source
materials in an easily accessible place—such as a
videodisc or CD-ROM. Students may not other-
wise have access to these kinds of sources. Some
suggest that this is what using the technology can
do best: give teachers the chance to ask and stu-
dents better ways to find answers to “different
questions, richer questions, questions that make
kids think.”?7 .

i Motivating Learners

The nature of new technology-bascd resources
suggests, and discussions with teachers confirm.
that many technology-based classroom activitics
can be motivating to students. Some teachers re-
port that many students become so involved in
what they are doing with technology that they ar-
rive before the first bell and Ieave after the last bus.
These teachers suggest that technology can be a
key vehicle for stimulating learning. primarily be-
cause it creates environments and presents content
in ways that are more cngaging and involve stu-

By encouraging students to use a variety of technologies—
such as video—to supplement the use of more traditional
materials, teachers make both their lessons and the
assignments more meaningful.

dents more directly than do textbooks and more
traditional teaching tools.2® Many instructional
designers have suggested that the interactive ca-
pacity of new technologies—-wherein children
can actively interact with information and receive
feedback on their questions or answers—contrib-
utes to its motivating effects.??

For example, a social studies teacher in Mont-
gomery County, Maryland, uses a multimedia sta-
tion (which includes a videodisc player controlied
by a computer using Hypercard software) in class:
where teacher questions were previously greeted
with silence. high school students now participate
actively in class discussions. The multimedia les-
son converts her lecture into more of a demonstra-
tion or slide show wherein she can easily show
maps. charts. graphs, primary source documents,
and video clips of news or historical footage. The
computer technology allows the teacher to stop,
backup. go forward. or skip to another “file™ of
images as students ask questions. This teacher
was particularly impressed with the level of in-

26 Iyebbie Hall, Shelby County High Scheal, Shelbyville, KY. OTA qite viate Apr, 18, 1004,

2% David Mintz, National Center on Education and the Leonomy, personal communication, August 1994,

28 Thompsen, op. oit., footnote 12, pp 11,68

298¢, ¢.g.. David Thormbur g, Killing the Fatted Calt.” Electrome Learnmy (New York, NY Scholastie, e L September 1994, pp. 24.25:
Richard Ruopp (ed.). LabNet: Toward a Commumity of Praciice (hlldale, N3 tastenee Eribaum Assoc., 1993,
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Teachers have found that students working together in small
groups using technology are often more motivated and take
greater responsibility for their learning.

volvement and interest this approach generated in
students; she reported that they ask more ques-
tions, seem less afraid to speak out in class, and
were even talking about it with their parents at
home.30

Another example of the motivating effects of
technology is described by a teacher in an alterna-
tive high school who reported that he used a soft-
ware simulation program as both learning tool and
behavior motivator for his class of ten 16- to
18-ycar-old boys. These students, referred from
their regular schools and placed in the alternative
school as a last chance before placement in a more
restrictive educational setting, were often unruly
and needed to develop social skills as much as
they needed the academic skills they had missed
in their earlier schooling experiences. Engaging
this group was a challenge; yet. almost all were
enthusiastic when presented with a science activ-
ity using simulation software. According to this
teacher, his students loved working with “The
Great Solar System Rescue™:3! working in teams

¥ Spoales, op. Gt footnete 24,

as “‘experts "—meteorologists, astronomers, geol-
ogists, and space historians—they were chal-
lenged to find lost probes in the solar system.
Working with the packet of expert material pro-
vided in the software and analyzing visual clues
from the videodisc engaged their interest and fo-
cused their attention, and they learned about the
solar system in the process. When one student be-
came disruptive in class, his punishment was not
being allowed to participate with the team for sev-
eral days. The teacher said it was one of the most
effective behavior modification techniques he had
ever used.?

Some teachers contend that their students are
more motivated and take greater responsibility for
their learning when they are engaged in technol-
ogy-based activities that require them to create
and share content with each other. For example, in
the Global Exchange weather-mapping project,
middle school students work in groups of two or
three to become “experts” in specific areas of local
weather. The student “experts” collect data using
Internet resources such as weather text and imag-
ery. electronic dialogues with local scientists,
book research, and other information. The teacher
observed a higher level of motivation among stu-
dents on the Internet compared with students not
using telecommunications. I could see the kids in
the Internet classroom were more motivated to
learn the material because they knew they would
be sharing it with other kids their own age,” she
said. “and I think that the idea of sharing it with

their peers was a . . . very good motivation for
them,”33

I Individualizing Student Learning

Teachers who use technology also report that it
can be used to help them individualize instruction.
This has been one of the greatest appeals of inte-
grated lcarning systems, computer and software

Y The Great Solar System Rescue.” Tom Snyder Productions, Cambridge, MA.

2 Robert Martin, BOCES. West Nyack. NY. personal commmumcation, November 1994,

YW Naney B. Songer, “Knowledge Construction Through Global Exchange and Dialogue. A Case of Kids as Global Screntists,” University
of Colorado, Boulder, 1994, p. 30, Global Exchange is part of a farger project called "Kids as Global Scientists.”

,;(,
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- BOXQS "Dear President Foover”

In a Kentucky high school history class. the teacher instructs her students to write a letter to President
Hoover to try to convince him that the Depression is not over. Before class, the teacher goes to the school
library and checks out a videodisc player and a videodisc, called History in Motion,! for her students to
use during class. For research to support arguments in their letter, the students can watch the videodisc
to get a feel for the era in which Hoover was president.

The students use technology to see history as it happened: video clips of “flappers” dancing up a storm,
followed shortly afterward by unemployed people on bread lines. One student takes the remote control and
replays the sequence, freezing the frame on the bread line and confirming with another student that "this
is the same decade?" It is the student's ability to access at the touch of a button the image of a bread fine,
the teacher says, and also to replay and discuss meanings of this powerful image, that points to the real
difference between technology-based resources and print. In a textbook, the bread line doesn't shuffle
forward white students watch the pained expressions on the faces of real people reaching for food.2

The teacher also has Time magazine archives cn CD-ROM in her classroom so students—working in
teams of three or four—can peruse and download articles that give credence to their claim that the
Depression is not over. The availability of a product such as the Time CD-ROM not only provides more
information but gives the teacher more opportunities to ask different questions, questions that challenge
the students to investigate a topic in greater depth and think about the implications of the information they
are now able to access Students can also read other students’ letters from previous years’ classes and
use any typical resources, such as textbooks, to prepare the assignment. This history class—combining
traditional and technology-based approaches to research, communication, analysis, writing. and collabo-
rative learning—connects the students to new resources and information in a way that not only captures
their interest. but appears to encourage and support their participation in learning.

V History in Motion 1s published by Scholastic Software. New York. NY
2 Debbie Hall. Shelby County High School. Shelbyville. KY, OTA site visit. April 1994

SOURCE Office of Technology Assessment, based on Shelby County High School Sheibyvilie. KY. site visit, Aprit 1994

systems that correspond to curricula** and canbe  dent, so that extra assistance can be given in those
presented to each student in a class based onhisor  particular areas where the student needs help.
her abilities. The student can work on the materi- Technology has been extremely helpful in rev-
al—often called “drill and practice™—until reaching  olutionizing individualized instruction for special
a level of mastery, at his or her own pace. Reports  education students, many of whom are now being
produced by these systems give the teacher are-  served in regular classrooms.3® Hardware, soft-
cord of what areas were most difficult for each stu-

34 Curriculum refers to the courses offered by an educational institation (plural, curricula), Mostschools have prescribed curricula teachers
must follow throughout the school year and on which students are tested as the basis for passing a course or getting credit for it.

33 Special education programs serve children with disabilities that include autism. deafness and hearing impairments, mental retardation.
orthopedic impainments, other health impaimments. serious emotional disturbance, specific learning disability, speech or language impairment,
traumatic brain injury. and visual impairments. The Education for ali Handicapped Children Act (Public Law 94- 142). renamed the Individuals
with Disabilitics Education Act (IDEA) in 1990, guarantees that children with «uch disabilitics he served in normal classroom settings to the
maximum cxtent possible,
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ware, and assistive devices can help special educa-
tion students progress in their leaming and
communicate their knowledge to others in new—
and accessible—ways. For example, scanning de-
vices convert text into speech so visually impaired
students, in particular, can hear the content and re-
spond to questions. An expanded keyboard with
extra large keys or a touch-sensitive screen at-
tached to a computer monitor are alternative input
devices that help students with motor control dif-
ficulties use the computer without struggling with
amouse. Even a word-processing program with a
spell-checking feature can ease the frustration for
students who have difficulty with handwriting or
spelling so they can progress to deeper levels of
understanding the subject matter. As even more
devices are developed to enable special education
students to learn in innovative ways, it is hoped
that teachers will be better equipped to provide ap-
propriate instruction.3®

Some technology tools, like the Algebra Tu-
tor,37 enable a teacher to track the paths a student
takes to reach a solution to a problem, helping the
teacher understand where the student is confused
and needs help. Other applications such as Text-
Browser,® word processing, and databases, can
provide a “window into the student’s thinking, in-
quiry, and problem-solving processes (giving)
teachers access to students’ misconceptions, the
ways in which they sort and categorize informa-
tion, the relationships they form among ideas, and
the conjectures they make.”39

While this look into the mind of the individual
student is enlightening, it remains a nearly insur-
mountable challenge to find ways to draw upon
this insight and work with each individual student
in a class of 20 to 30 students, all needing the
teacher’s attention (see chapter 4). Some teachers
report that using technology can allow them to
structure their classroom activities so that stu-
dents work more independently, sometimes in
small groups. This may allow the teacher more
flexibility to organize time to better meet individ-
ual student needs. While there are examples of
how some teachers work with limited availability
of technologies, clearly a more systematic under-
standing is needed of the factors that lead to suc-
cess in such situations.

Forexample, in some cases, teachers have used
technology as a tool for setting up activities in
which students work in teams where their roles as
members of the team are designed to draw upon
their personal strengths and interests, to help them
find areas where they ‘can succeed and develop
self-confidence. For example, in a school in San
Diego*0 the students create adventure games for
projects called “Microworlds.” Based upon an-
cient cultures, games such as “Exploration in the
New World in the 16th Century,” are created using
Hypercard. Teachers organize students into teams
of researchers, graphics designers, project manag-
ers, programmers, and so forth; as students devel-
op their budding expertise in these arcas, they are

36 See. ¢.g.. Thomas Wall and Jessica Sicgel. " All Included: Inclusion of Special Education Children in Regular Classrooms Cannot Happen
Without Technology.” Electronic Learning, vol. 13, No. 6 (New York, NY: Scholastic. Inc.. March 1994), pp- 24-34: also. Carol $. Holzberg,
“Technology in Special Education.” Technology and Learning (Dayton, OH: April 1994), pp. 18-21.

7 Algebra Tutor™ was developed by John R. Anderson. Camegic Mellon University. Pittsburgh, PA. with funding from the National Sci-

ence Foundation. Washington, DC.

3 D.M. Kurland, “Textbrowser: A Computer-Based Invtructional Management and Assessmient System for Language Arts [nstruction.™

Newton, MA, Education Development Center, 1991,

¥ Barbara Means, John Blando. Kerry Olvon, and Teresa Maiddleton. SR Intenational: and Catherme Calb Morocco, Atlene R. Remy.and
Judith Zortass. Lducation Development Corporation. Using Technology To Support Edicanon Reform. report tor U.S. Department of Educa-

tion (Washington, DC. U.S. Government Prnting Office. 1993), p. 69,

O 'Famrell Community School. Center for Advanced Academic Studies. San Diego. CA. Based on presentation by Roland L. Garcia.
Educational Technologint. at Socicty for Technology amd Teacher Lducaion Conference, San Diego, CA, March 1993,
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called upon to teach others and contribute to the
success of the project as a whole.

B Redefining Teachers’ Roles

When technology is integrated into the curriculum
in a comprehensive way, and when teachers feel
comfortable and confident about using it, myriad
changes occur that may ultimately redefine the
roles of teachers. One teacher echoed the opinion
of many when she said: “I've gone from being the
‘sage on the stage’ to the ‘guide on the side.”™*!
While some teachers have always taught in this
way, others report that the change to a coaching,
facilitator role can be daunting, especially when it
requires them to venture beyond the teacher-cen-
tered lecturing or presentation model they experi-
enced as students themselves or in their teacher
preparation. Nevertheless, many who take on
these “new” roles find the change is welcome, pro-
found, and often necessary.

A teacher in the National Geographic Kids Net-
work project summed it up this way:

.. .I no longer spend most of my time stand-
ing in front of my class and lecturing or having
the students read from a textbook. I have be-
come a facilitator, stage director, resource man-
ager, master learner, discussion leader, observer,
and evaluator. For me this change has been re-
freshing, enlightening, and long overdue. My
students too have changed. There are no longer
textbooks or tests with right or wrong answers.
They have become collaborators and teachers.
They have become scientists making predic-
tions, developing hypotheses, and analyzing
data. And they spend their money buying school
pencils, folders, and banners to send to their pen
pals.42
Teachers at the Open Charter School in Los An-

geles found that their roles were shifting as
technology integration took over the school. The

¥661 "INIATT W MIHONY

Some teachers use technology to tailor instruction to an
individual student's needs or to structure classroom activities
so students can work more independently

Open Charter School received enough technology
to make available one computer for every two stu-
dents. One teacher described the change she has
gone through as she has grown more comfortable
in using technology:

I don't do things in the same way that 1 did
them before. I have had to become very inven-
tive when looking for ways that I think the
[technology] tool fits best for children. My goals
changed, because I looked not necessarily at the
outcome, but the process by which they were
getting there.®3

41 Bonnie Bracey. Arlington Public Schools, on “The Digital Classroom,” WORLDNET television program. Washington, DC, United
States Information Agency. Oct. 26, 1994.

42 Joun Bissell et at.. National Geographic Kids Network and Language Minority Students: The Use and Adaptation of the Hello! Telecom-
munications Unit in Califorma Public Schools (Innine, CA: Depariment of Education. Univensity of California, July 1994), p. 24.

43 Steinmetz, op. cit.. footaote 23, p. 25.
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Teachers' roles are often redefined in classrooms where
technology has been successfully integrated. Some teachers
report that they see themselves as learners alongside their
students when technology is used.

Teachers at the school also said that by becoming
learners themselves, they had developed greater
empathy for their students. Said a teacher, “After
struggling to learn [Hypercard] programming,
now I’'m more likely to suggest and provide alter-
natives instead of answers, so children can discov-
er their own answers.”44

At least part of the teacher’s new role as “guide
on the side” involves admitting to themselves and
to their students that they don’t have all the an-
swers. In other words, one new role for the teacher
is as a learner alongside the students. In fact, an
unexpected side effect of technology use is that
students, who are often more comfortable with us-
ing technology than their teachers, end up helping
the teachers. One journalism teacher, initially in-
timidated by computers, found that her students
had a totally different view of technology than she
did. She described her “turnaround” this way:
“Teachers tend to read the manual and say, “This is

44 Ibid.

what the computer can do.” Students tend to say,
‘It’s a computer, it can do anything.’ This is one
thing I've learned, and I learned it from my stu-
dents.” This teacher gained a new way of think-
ing about the technology (it could be
manipulated), the students (they could teach the
teacher), and herself (she didn’t know everything
after all, and that was fine). Could this change
have occurred without technology? Perhaps. But
she maintained that, as a journalism teacher, she
weuld be remiss in her teaching if she failed to ex-
pose students to technologies now commonplace
in her field. So she has let the students help her
with (he technology, while she teaches them the
techniques and craft of journalism.%

In the Olympia Washington School District,
students are equal partners with teachers in learn-
ing about technology applications. The director of
technology described the district’s approach:

Students often introduce technological in-
novations into the classroom and work with
teachers in developing course content and goals.
The result is that often initial [technology] use
by teachers does nor mimic current teaching
practices. We have found that using students as
technical resources pays better dividends than
teachers depending on colleagues. Kids take to
technology faster than teachers, are more readi-
ly available, and the children’s self-esteem is en-
hanced by being a mentor to a teacher. The
Olympia School District does not give any
technology workshops to teachers. Most work-
shops are given to students and they are taught
how to pass this knowledge on to administrators,
teachers, and other students. When teachers are
involved in a technology workshop. they must
bring a student in their class, and together they
learn the skills. The pair pool their strengths, and
exciting things arc happening in the district’s
schools.7

45 Kitty Sharber, Shelby County Hiph School, Shelbyvlie, KY, OTA we viat, Apr. 18, 1994,

4 1hid,

47 Dennis Harper, Dircctor of Technology, Olympia School District, Olsmpi, WA, personal communication, August 1994,
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ASSISTING TEACHERS WITH
THE DAILY TASKS OF TEACHING

Teachers are asked to do a lot in the time they
spend inside the school building—then they
spend additional hours at home working on
school-related projects and materials. According
to data from the U.S. Department of Education,
teachers spend 35 hours a week on average per-
forming their required duties in the school build-
ing. Beyond these required school hours, teachers
report spending an average of three additional
hours with students—for example, coaching, tu-
toring, and supervising extracurricular activi-
ties—and eight more hours a week doing work
activities without students, such as preparing les-
sons, grading assignments, and attending meet-
ings. In 1990-91, teachers in public secondary
schools were responsible for an average of five
class periods a day. each with an average of 23 stu-
dents. Public school teachers who were responsi-
ble for a class for a whole day. such as elementary
teachers, were responsible for an average of 25
students.*8

Technology offers alternative—and sometimes
time-saving—approaches to many day-to-day
functions that eat up teachers’ valuable time and
encrgy. Teachers who arc comfortablc using
technology indicate that it can help with many im-
portant daily tasks, such as keeping records, as-
sessing student learning. preparing and evaluating
curricular materials, and increasing communica-
tion with students, colleagues. and parents.

OTA finds that teachers, like all profession-
als, tend to use technology when they can see
how it will help them become more productive
or do their jobs more professionally. Teachers
use technologies in ways that are most valuable
for them, whether to record grades or videotape
the performance of a school play.

Evidence for how computers can support and
enhance the job of the tcacher emerged from a
four-school pilot project in Indiana in which every
teacher was given a computer and training to use
it. Two years into the program, teachers reported
that use of the computer had allowed them to be
more efficient with the time they spent on admin-
istrative tasks, to produce work that was more pro-
fessional, and to be more confident about
exploring the many potential educational uses of
computers (see box 2-6).

1 Keeping Records

AsOTA observed in site visits, gradebook or other
recordkeeping software can provide a “hook™ that
gets otherwise reluctant teachers interested in us-
ing technology tools. Most teachers spend large
chunks of their time maintaining records, often
detailed ones, of student scores on tests and
quizzes, daily participation, homework. behavior.
and other factors. Computerized gradebook pro-
grams are set up as spreadsheets: each time a new
grade is entered and weighted (e.g., homework as-
signments. class participation. quizzes. major pa-
pers. and midterm tests). the software can
automatically recalculate each student’s grade av-
crages. The teacher can print out the studeut’s
grading history and use it as a vehicle for discus-
sing with the student or parents what that student
needs to do to improve (“your quizzes were fine,
but when you failed to turn in those homework as-
signments it really pulled your average down™).
Onc high school math teacher. for instance, regu-
larly uscs an clectronic gradebook to counscl stu-
dents onc-on-one about problems as they occur,
and she offersto show every student his or her cur-
rent grade average after cach quiz or test. “When
you have a quiz a week,” she said, “it’s too late to
tell them [handing back a previous quiz] that they

A Nanenal Center for Tducation Statisties, Schools and Staffing i the Unired States A Swatistical Profile. 1990 91 (Washington, DC. LS

Department ot Education, July 1993), p. 51
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‘BOX 2-6: What Happens When Every Teacher Get'séCometér"? B

As part of a pilot project funded by the state of Indiana, four small schools—three secondary
schools in rural locations and one small elementary school in a suburban setting—received grants to
acquire computers for the personal use of all teachers (as well as administrative staff) and to provide
training for staff on the basic software provided. The project—"A Computer for Every Teacher’—was
just that: all teachers in each school had to agree to participate and, in return, received a computer and
printer for their own use either at home or in school (wherever they chose to keep 1t).

An evaluation study was conducted of the project in the spring of 1992, after the teachers had had
their computers for two school years. The evaluation of this program found three areas of particular
impact: teacher productivity, professionalism, and empowerment.

Productivity. Teachers and administrators reported substantial improvements In their productivity,
primarily in completing administrative and management tasks. Teachers recounted spending the same
amount of time on class preparation and administration, but accomplishing more. Teachers reported a
side benefit. the electronic gradebook made it possible to update grades daily This permitted teachers
to provide more information to the students about their academic standing and what they had to
accomplish to achieve a higher grade, improving student motivation and achievement.

Professionalism: According to the teachers and administrators who pasticipated, the availabiiity of
computers and printers tended to improve the appearance and even the quality of materials they
prepared. Class handouts, tests, flyers, and letters to parents were perceved as looking more profes-
sional and reflecting well on the school. Moreover, teachers perceived themselves as more competent
because they could apply the computer to accomplish professional work Some teachers in each
school became “"experts” on particular programs or aspects of software—such as mail merge—and
gained the respect of colleagues, who often turned to them for help And by being placed in the role of
learner as they received training about the computer, several teachers said they were impelled to
reconsider their instructional approaches, curriculum, and pedagogy

Empowerment. According to participants, learning to become proficient on the computer was 2
great equalizer among the faculty and between faculty and students. Teachers now felt as comfortable
and proficient with computers as their students They felt secure in suggesting computer applications to
therr students and willing to learn from them as well The staff of each school reported a sense of growth
and collegiality that emerged from the process of learning to use computers together They described
pride in their school for becoming leaders in the use of computers in education.

! eachers and staff completed a questionnaire before the program began in 1990 Inthe spring of 1992 researchers made site
visits 10 each school and conducted interviews with most of the participating statf Each teacher was given a diary form and was
askedtocomplete a log of all uses of the computer for four randomly selected days over a two-week penod inMay Afollowap Gies-
tionnaire was also distributed to all staff. 88 percent of them completedthic questionnaire A final debriefing session was heid «iththe
four school-site coordinators in late June 1892

SOURCE S Rockman el al . ‘Productivity, Professionalism and Empowerment Given a Comnuter for Every Teache: ™ report pre-
pared tor the indiana Department of Educatian October 1992
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need a 96 on the next one to get an ‘A.""%? Elec-
tronic gradebooks can therefore become a teach-
ing tool as well as a personal time saver, an
additional benefit teachers find useful.’®

In schools in which the central office and teach-
ers are linked by a local area network with access
to databases of student records and management
software, these programs can make it simpler for
teachers to work together or with their department
head or principal to analyze student work, reex-
amine course goals, and adjust the curriculum or
instructional approach when needed. For exam-
ple, at Piscataquis Community High School in
Guilford, Maine, a teacher who sees that a student
is having trouble in class can call up a central
grade record file from the computer on his or her
desk to see whether that student is doing poorly in
other classes. If so, the teacher will send an e-mail
message to the student’s other teachers to discuss
the student’s difficulties and decide what actions
are necessary. such as notifying the counselor and
setting up a team meeting with the student’s par-
ents. Because every teacher in the school has a
computer with access to the instructional manage-
ment software. they use the technology as an ““ear-
ly warning system,” allowing for intervention
before student problems become too entrenched.

I Assessing Student Learning

Asnoted inthe 1992 OTA report, Testing in Amer-
ican Schools:

A quiet, but dramatic, transformation is oc-
curring in education as researchers and practi-
tioners rethink basic beliefs about teaching and
learning. These research findings and the
instructional theories they have spawned raise
serious challenges to traditional classroom orga-

Some teachers are using technology to maintain and update
electronic portfolios of student work. As more schools explore
alternative forms of assessment, technology offers teachers
new ways to quickly and efficiently record and respond to
student performance.

nizational models, to conventional curricula,
and, in turn, to existing forms of testing.!

One of the greatest challenges of alternative
forms of assessment, such as performance-based
assessment, is keeping track of rich but extensive
historics of student performance. Some teachers
are using technology to meet this challenge—
maintaining electronic portfolios of student work
on disk, saving hard copies of work that students
create on the computer, or requiring students to
demonstrate competence and understanding
through multimedia or other technology-based
presentations (see box 2-7). Performance assess-
ment methods, especially when supported by
technology, help teachers diagnose student
strengths and weaknesses and adapt instruction
accordingly, provide students with immediate
feedback on their performance, let teachers record
and score multiple aspects of competence. and

4 Lisa Martell. Prscataquis Conununity High School, Guilford, ME, OTA site visit, Apr. 2. 1994.

50 See. ¢.g.. Saul Rockman et al.. Praductivary, Professionalism and Empowerment: Given A Computer for Every Teacher. eport prepared
for the Indiana Department of Education, October 1992. Also. David Stanton. “Gradebooks. The Next Generation.” Electromc Learnig (New

Yaork. NY: Scholastic, Ine , September 1994), pp. 54-58.

SLULS. Congress, Office of Technology Assessment, Testing in Amertcan Schools: Asking the Right Ouestion. OTA-SET-519 (Washington,

DC. LS. Govemment Prmting Office. February 1992, p. 45,
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- BOX 2.7 'Tkeci{ndlbgy Tools for Teacher Productivity

CENTER FOR EDUCATIONAL TECHNOLOGY. FSU

In Florida, teachers designed their own tool—the Tycho ™
Teacher Information Manager—a handheld, pen-based

student observations, 1eport to parents, and keep track of
student progress.

2 The Heller Report, December 1994 p 4

maintain an efficient, detailed, and continuous
history of the student’s progress.>2

For example, some teachers use video to help
make objective records of student performance
and growth. A teacher can videotape a student pre-
sentation, speech, demonstration, or performance
and review it later, several times if necessary. to

As part of a long-range. school-reform effort, the Florida School Year 2000 Initiative, Florida educa-
tors designed a specialized “teacher productivity tool."” Working with teachers across the state, the
state education department. in cooperation with Florida State University's Center for Educational
Technology. developed a technology tool designed to flexibly and efficiently address the grading.
recording. and information retrieval aspects of teachers’ jobs.

computer that helps them to create. record. and summarize

The convenience and flexibility of a hand-held device 1s obvious as teachers walk around the class-
room (or wherever learning is taking place) and record information immedsately For example, a teacher
can walk through a class in session with the tool in hand and record what the students are doing as they
are doing it, later. that information can be downloaded onto the teacher's computer for more thorough re-

! Sottware was developed and marketed by Amerncan Management Systems. inc , Fanfax, VA Tycho software runs on a variety
of Windows-based mobile computing platforms teachers in Florida tested Tychoona Fujtsu hand-held pen-based device

The tool—Tycho™ Teacher Information
Manager'—is a combination of information
management software, a pen-based hand-
held computer, a central host workstation, and
data communications software. Currently, 150
teachers, mostly in grades preK-2, in 20 Flori-
da schools are using Tycho™ to create re-
cord, and summarize student observations,
report to parents, and keep track of student
progress. In Leon County, Florida, the school
district has purchased 1,000 units of a differ-
ent platform, Apple Computer's Newton Mes-
sage Pad teamed with a Wings for Learning
product called "Learner Profile" in another pi-
iot of "smart" handheld devices for student
assessment.? Teachers using these devices
can save lists of selected skills and enter cor-
responding assessment information for more
than one student at the same time.

analyze and evaluate the student’s performance.
The teacher and student can view the tape together
and discuss progress or areas of concern. The tape
can also be stored and revisited later in the year to
sec how far the student has progressed or to share
the demonstration with parents.
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#  BOX 2-7 (cont'd.): Technology Tools for Teachier Productivity -~ |

cordkeeping and analysis of student progress. Such products3 can also prompt teachers to pay attention
to individual student learning styles by reminding them of previous observations (e.g., accessing the file
for a student named "Jimmy" would show the teacher an observation she made previously that she thought
was important to the student’s progress, such as: "Jimmy is learning to work well in smaller groups™).

Teachers who use such technology tools say that ultimately it makes their daily work easier, more
efficient, or more productive so time can be better spent addressing students’ needs. Even teachers
who don't use these kinds of tools seem to understand the potential: a 4th-grade teacher in Indiana
says the tools could help her prepare student progress reports required by the school teacher on every
student every three weeks. Presently, she needs a week just to get the records together to produce the
reports. If technology could help her organize all that information, the teacher says, she would have
more time and energy to devote to her students when they need it most—as they are iearning *

3Other products are available commercially. such as the CSL Profiles in Hand, an observation and recording tool. developed by
Chancery Software Inc , Belingham, WA that uses Macintash computers and the Apple Newton MessagePad The Learner Profile
from wings for Learning. Scotts Valley, CA uses bar codes so the teacher can walk around the learning environment and scaninbar
codges that represent learner outcomes or teacher-specified skilis to measure progress and achievement

4 Doris Zmmerman. teacher. Shelbyville. IN, personal communication, October 1994

SOURCE Oifice of Technology Assessment, based on information provided by the Center tor Educational Technology. Flonida State
University. Tallahassee. FL. October 1994

Many schools are calling for students to main-  their lesson plans. Word-processing software,
tain portfolios of student activity, throughout a ~ combined with printers, for example, have proved
year or over scveral years.’3 These can be exten-  valuable tools for teachers when preparing work-
sive documents. Storage of these materials  sheets, creating tests. and updating lesson plans.
(whether drafts of work over time, collections of  Teachers take pride in being able to use programs
pictures, test scores, reports, journal entries, self-  like spreadsheets and word processors to produce
assessment. or other items) on CD-ROM makes  professional-looking documents. As ore high
them more convenient to maintain. access, and  school journalism teacher says, with “the right
update, and saves scarce storage space in class-  computers and software. the school newspaper ac-
rooms and school offices. tually looks like a newspaper, not a student publi-

cation.™4
B Preparing Curricular Materials Oftenit is the school media center where video-
Preparing materials for daily lessons is onc of the  disc players, VCRs, computers with CD-ROM ca-
largest parts of the tcacher’s day. Some teachers  pabilities, and other hardware are available, along
are using new technologies to help them preview,  with collections of software and programming for
access. create, and incorporate new materials into preview or classroom use. For instance. a tcacher

33 For example, states such as Vermont now requrre student portiolios as an altemativ e form of assessment. Likewise. some sehools have
tollowed suit, including Webster Elementary School. San Augustine, FL, and O Farrell Commumty School. 8an Diego. CA:both require ongo
ing student portfolios,

4 Sharber, op. ¢it . footnote 45,
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Multimedia stations with any combination of a computer,
videodisc player, VCR, television, or CD-ROM can be used by
teachers to preview and prepare materials for classroom use.
A computer connected [0 a videodisc player with a bar code
reader, for example. simplifies customizing classroom
presentations

might go to the school media center. review the
teacher’s guide and table of contents in a product
like the “Windows on Science™ videodisc.”® and
enter the code numbers for a particular segment
she is teaching (c.g.. how animals adapt to their
environment). She can review the segment.
choose parts she wants. and use a bar code scanner
to capture that scquence and play it back in the
classroom. Teachers at the Open Charter School in
Los Angeles. for example. use computer-con-
trolled videodiscs for customized presentations to
students. They preselect film clips or images they

want to show and stop the presentation at any
point for discussion. As one teacher said, “I can
talk to kids and tell them about things—Ilike the
capability of sea stars to flip over—but now I can
show them. I don’t need to watch an entire film to
get to the part I want to see. And the students can
go back and watch it over and over.”%®

New telecommunication technologies enable
teachers to access information from a variety
of sources—universities, schools, government
agencies, or any organization that has a publicly
available database. From the electronic files in the
database, teachers may access documents, such as
written reports, lesson plans, or research papers;
graphic images such as weather maps and satellite
or still camera photographs; or other kinds of in-
formation. In fact, information retrieval is one of
the most common purposes for which teachers use
telecommunications.>’

Teachers who use telecommunications empha-
size several advantages of electronic information
retricval. They can find sources of information
that are far more current than materials in standard
textbooks, such as satellite photos that may be
only hours old. Inaddition, once teachers are com-
fortable using the technology, searching for rele-
vant materials electronically may be quicker or
more convenient; for example, perusing a library
card catalog online is usually faster than going to
the library to look. Teachers can access materials
that may not be available ctherwise, such as those
created by colleagues, or information not pub-
lished in traditional ways. Also, teachers who re-
trieve information elcctronically can easily store
and usc the materials when and how they want,
such as adapting lesson plans for their own class.

Viatclecommunications networks, tcachers are
now being encouraged to participate as contribu-
tors to as well as users of electronic resources. For
example, the Eisenhower Clearinghouse for

% Windows on Science™ is published by Optical Data Corp., Warren, N 1990, the videodise series was approved by Texas for purchase
with state textbook tunds.,

S Stemmets, op. it footnote 23, p. 27,

7 Honey and Hemrigues, op. cit.. tootnote 4, p. 19,
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Mathematics and Science Education?® is creating
an electronic catalog of instructional plans written
by teachers in the broad areas of mathematics and
science.® Other network service providers have
created places for teachers to distribute their own
instructional plans over a network. Virginia’s Pub-
lic Education Network (PEN) has areas—called
Academical Villages, in the Jeffersonian par-
lance—where teachers place materials that other
teachers may download and use in their class-
rooms. In fact, the state’s most recent technology
plan, designed to replace the existing Virginia’s
PEN system, was influenced in part by the idea of
making teacher-created documents easier to post
and more accessible to network users.50

I Improving Communication

Teaching is one of the most isolated professions.
Teachers are “classroom bound” most of the
day with limited access to the outside world;
yet, an essential and vital part of the job of
teaching is maintaining open communications
with parents, other teachers, the school office,
and other professionals.

Teachers spend a great deal of their time worry-
ing about, helping, counseling, and sharing in-
formation with students and parents, yet they are
expected to do so in most cases without the aid of
technology. Telephones, perhaps the most
ubiquitous and necessary technology available

to other professionals, are rare in most K-12
classrooms, Only an estimated 12 percent of
teachers (one in eight) in this country have a tele-
phone®! in their classrooms. As one teacher
pointed out, “Telephones may be the only tool we
don’t give teachers because we are afraid they will
use them.”6% Some teachers stand in line to use the
one phone available to them (even, in some cases.
a pay phone) in the teachers’ lounge or principal’s
office, to make arrangements for field trips, for
bringing guest speakers into their classes, or for
scheduling parent volunteers. Actually, a national
survey suggests that the main reason teachers
want telephones in their classrooms is to contact
parents about immediate problems or concerns,
such as student behavior, attendance, and comple-
tion of homework.%3

There are other duties required of teachers that
would be far simpler if they had easy access to
telephones. For example, educators in New York
undertook a review of what it takes to convene a
meeting of the school personnel required by law to
meet with the parents of each special education
child to review the child’s Individual Education
Plan.%4 They found that often six peopic. in many
cases coming from three ditterent buildings, were
required to attend these meetings. For the teacher
to go to the school office or faculty lounge and
stand in line to make all the phone calls necessary
to set up each meeting literally took hours of play-

8 The Eisenhower National Clearinghouse for Mathematics and Science Education is funded by the U.S. Departnient of Education and is

located at Ohio State University.

59 An Invitation To Share Your Best Work,™ brochure preparcd by the Eisenhower National Clearinghouse for Mathematics and Science

Education, Columbus, OH, n.d.

6 Glen L. Bulletal., "Anthology: Establishing an Evolutionary Path to a Peer Client-Server Internet Architecture for Virginia's Schools,™
paper presented at the U.S. Department of Education Secretary’s Conference on Educational Technology. Washington, DC, May 8-10, 1994

61 NEA Communications Survey. as cited by Henry J. Becker, table 3. 1: Reported Market Penetration and Estimated Simultancous Student
Accessibility for Various Electronic Technologies, "Analysis and Trends in School Use of New Information Technologies.” OTA contractor

report. March 1994,

62 “Integrating Technology and Professional Development,” unpublished report, Westfields Conference Centet, Chantilly. VA, Apr. 27,

1994,
63 NEA., op. cit.., footnote 61.

63 Gregrory M. Benson, director. Education Program Development, Office of Educational Technology, New York State Department of

Education, personal communication. Novermber 1994,
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Telecommunications use by teachers has expanded in the
last few years, and the number of curriculum-based
telecommunications projects is increasing as more teachers
and students seek opportunities to share and evaluate ideas
and activites with classrooms around the globe.

ing telephone tag with busy psychologists, coun-
selors, resource personnel, and parents. Without
easy access to phones, much less voice mail or
e-mail accounts wherc messages can be left, the
task of corralling all the required players is a
scheduling nightmare.

It doesn’t have to be that way. In Billings. Mon-
tana, a local business partnership has enabled the
district to put a phone on every teacher’s desk in
the Lockwood Schools.®® The telephone system
connects teachers and students to each other, to
parents, and to resources outside the school. The
phone lines allow for voice mail, use of modems
or fax machines from the classroom, and access to
parents as the need ariscs. Each teacher at the
Lockwood Schools also has a “broadcast™ mail-
box to send and receive messages to groups. For
instance. if a member of the school’s technology

O3 OTA site visit. Miach 1994,

86 Becker, op. cit., footnote 61.

committee wants to leave a message telling other
members about a meeting time, the broadcast
mailbox can handle it. Voice maii lets teachers
leave or retrieve messages for each other and for
outside callers, such as parents, calling in to check
on a homework assignment.

Telecommunications use by teachers, especial-
ly for e-mail, has expanded in the last few years,56
and with goed reason: teachers with classroom ac-
cess to local or external telecommunications net-
works can contact other educators, experts,
scientists, and practitioners to discuss issues re-
lated to their teaching practice, developments in
their field, and classroom experiences. Further-
more, a growing number of teacher-based net-
works offer teachers a chance to connect with
other people in a variety of forms. Electronic mail,
users groups, and listservs, by at least one esti-
mate, account for nearly 80 percent of the general
public’s use of the Internet overall; teacher use
seems to reflect this trend.67

Schools do not have to have external network
connectiois to receive some of the benefits of in-
creased communications via technology. Many
schools are exploring the use of internal networks
as vehicles for enhancing schoolwide commu-
nication. For example, when the principal of Web-
ster Elementary School in St. Augustine, Florida,
received a model school technology grant from
the state, he chose to use it first to improve com-
munication in his school by building a “teamwork
infrastructure’ that would connect the teachers in
his building.6® Each of the school’s 53 teachers,
who were scattered across three building wings
and several mobile trailers, was given a computer
connected to a local area network that links all the
classrooms and the principal. Teachers share les-
son plans and files of teaching ideas with one
another and have ready access to the principal

07 Lrank Odasz, teacher on the Big Sky Network, Dillon, M T, a public address, Sceretary's Conference on Educational Technology.

Washington, DC, May 10, 1994,

0% "The Managing Prinaipal,” Electromie Learnng (New York, NY* Scholastic, Inc., May June 1993, pp. 26-31,
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throughout the day as questions or problems arise.
The principal maintains that e-mail is “the most
important technology” in his school: in addition to
checking it constantly throughout the day, he is-
sues a daily e-mail bulletin to update teachers and
staff on the day’s activities:

The bulletin lets teachers know exactly
what’s going on. When a school has morale
problems, 99 percent of the time it’s because of a
lack of communication. The rumor mill feeds
the gossip chain and before you know it, peopie
feel left out of the information loop. The net-
work gives me open communication with teach-
ers.%

The principal at Webster Elementary has also
used the technology to streamline the paperwork
within the building, creating school forms (e.g.,
letters to parents and field trip requests) and put
them on the network so that teachers can fill them
out and send them back easily. Weekly newsletters
to parents, a parent-school voice messaging sys-
tem, and a daily vidco newscast (where students,
not the principal, make the day’s announcements)
are also important parts of this principal’s ap-
proach to using technology in his school to create
a “team environment” centered around open com-
munication. And the teachers seem to like it too—
according to an outside evaluation, Webster was
the only one of the five Florida model schools in
which 100 percent of the teaching staff were par-
ticipating in the technology grant.

Local area networks (LANS) arc the mode of
connection planned for the Edison Project School
Design.’® The current plan outlines a goal to pro-
vide cvery student with a computer at home to ac-
cess “the Common.” a LAN linking all local
Edison teachers, administrators, students, and
familics. Each local school’s LAN will be con-
nected to a wide area network of all the Edison

“bid. p 27

schools nationwide, enabling them to communi-
cate with one another, Computers housed in each
school’s media center will provide Internet access
so media specialists can tap into vast resources
and gather information for their schools. Edison
staff suggest that at the present time the Internet is
too complex for iadividual teachers or students to
navigate.”! Edison leaders hope that the Common
will become the center of a geographical commu-
nity and social center for teachers and families.
They foresee richer collegial relationships and
joint curriculum development among teachers,
and increased parental involvement, as bulletins
and notices are sent home over the network so par-
ents can discuss student work and school issues
online with teachers and school staff.

FOSTERING TEACHER
PROFESSIONAL GROWTH

As with any profession, teachers need opportuni-
ties to expand their knowledge, keep pace with de-
velopments in their field, try out new methods,
exchange ideas with peers and experts, and refine
their skills (see box 2-8). They are alsorequired, in
most districts, to take a certain number of continu-
ing education credits for recertification or promo-
tions. Some of this training comes through
courses or one-day workshops offered by the dis-
trict, generally referred to as “inservice training.”
Most districts require tcachers to attend one or
more days a year of this inservice training, usually
on a limited list of topics selected by the district.
While this may be an efficient delivery system for
the district, it is not always the training that a
teacher needs or would choose on his or her own.
In fact, research suggests that professional devel-
opment is more likely to be etffective when it en-

0 The Edison Project. a private company formed m 199§ and based in New York €y, was developed by Whittie Communications. Knoy -
ville, TN, to create public schoals “where creativity. technological sophistication, high motivation. accouttability. responsiseness. . . are the

nomt.” and to do o by “spending the same amount [ol money | per student as the average sche ol district now spends.”™

/VThe Edion Project Technology implensentition Plan, p. 6; and Nancy Hechinger, The Edison Project, New York, NY. personal commu-

neation, Sept 12,1994
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BOX 2-8: Professional Development in the Lives of Teachers

Professional development is a general term, often used interchangeably with staff development or
teacher training, to indicate the structured or unstructured process by which teachers aiready in the
classroom expand their knowledge, skills, abilities, or experience to further their effectiveness. Most
states and districts have a requirement that teachers must take a certain number of hours or credits of
such professional development in order to maintain their teaching certificates, or for moving ahead on
the salary schedule.

Yet the amount of work time during which teachers are actually paid for professional development
activities is limited. Compensated professional development opportunities are usually restricted to two
to four days each year; this time often includes district meetings and classroom preparation time at the
beginning of the year.! Any additional training or learning activities usually occur after school or on
weekends on a teacher's cwn time. Additional release time for professional development for teachers
can be particularly difficult to arrange, not only because it can be costly (substitutes must be hired to
take a teacher's place), but also because of logistica! difficulties. Teachers must often still prepare
lesson plans for substitutes; in addition, many want to minimize the amount of instructional time away
from their students since they feel responsible for covering curriculum goals and keeping students and
projects moving along.

Furthermore, teachers experience multiple competing demands for their limited staff development
time. Many different kinds of school-based reforms are being encouraged and most will require new
learning or expertise by today's practicing teachers:

{Teachers) are faced with a staggering array of complex reforms. Teachers are told that they have to set higher
standards for all students, eliminate tracking, tailor lessons to kids' individual needs (including those with various
disabilities), adopt small-group and cooperative learning techniques, design interdisciplinary and multicultural cur-
ricula, work in teams with other teachers, promote “critical” and “creative” thinking instead of rote learning, attend to
children's social and emotional needs, rely on "performance assessment" instead of multiple choice tests, get with

the iatest technology, encourage active learning in “real-life” contexts, use fewer textbooks, and ... become
“agents of change" in thair schools.2

The most typical ways teachers upgrade their skills are by taking credit courses on their own at local
universities or attending inservice courses or activities put on by the local school or district. These
inservice activities are viewed as a vehicle to enhance teaching, provide new information to teachers,
or remediate for teacher deficiencies.

Frequently, inservice training entails a single workshop or course for a group of teachers, with the
assumption that "one-shot training” is all teachers need to apply their newly acquired skills, content, or
techniques in the classrooms. Yet research has suggested that teachers learn best, not from one-shot
lectures by experts but by seeing methods used in actual classrooms, by trying out new techniques
and getting feedback on their efforts, and by observing and talking with fellow teachers.3 As one
researcher noted:

! Elizabeth Arnett, "Business People and Educators Have a Lot To Learn from Each Other,” The Harvard Education Letter. vol. X1,
No 1, January/February 1995, pp. 7-8.

2 Edward Mifler, "The Old Model of Staff Development Survives in a World Where Everything Else Has Changed,” The Harvard
Education Letter, vol XI, No. 1, January/ February 1995, p. 2.

3See.e g .J Litle, “Teachers' Professional Development inaClimate of Educational Reform," Educational Evaluatior: and Policy
Analysis, vol. 15, No. 2, summer 1993, pp. 128-161.
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BOX 2-8 (cont'd.): Professional D"evelopmeht in the Lives of Teachers

The problem of harnessing staff development is compounded by its increasingly sprawiing prominence. On the
one hand, it is correctly seen as the central strategy for improvement. On the other hand. 1t is frequently separated
artiticially from the institutional and personal contexts in which it operates.

Professional development efforts have evolved over the years in several directions. Two very differ-
ent approaches to professional development have been in competition with each other for the past 40

years—professional development as a form of remediation versus professional development as a
method of culture building within a school:

One approach—deficittraining—viewsteachiné astechnical work and seeks to improve it by training teachers in
a set of techniques and discrete behavior. This approach has, in fact. been dominant. The other approach—growth
and practice—defines teachers as professionals, views them as having requisite knowledge to act on behalf of their
students, and seeks to develop structures to enabie themto collaborate with colleagues and participate in their own
renewa'! and the renewal of their schools.5

Recent research suggests that professional development may work best when schools create
working conditions for teachers that foster continuous learning and professional growth, such as
providing opportunities for teachers to reflert on their teaching practice or to refine ideas ‘with col-
leagues. For example, in the Tupelo (Mississippi) Schoel District, teachers are encouraged to travel to
other school districts to gain a new idea about how to improve practices in their own classrooms. If a
teacher convinces the Tupelo district to try the practices that he or she has observed, the district will
pay for the cost of changes in that teacher's classroom.8 The superintendent of schools in Tupelo says:

You can'ttelt people howto do things; they have to experience it. and it has to make sense tothem. So we provide
[money} for any teacher in the district togo anywherein America . . to observe cutting edge educational practices
.. .We don't require that they return to the district and change anything. butwhat’s happening is that they are seeing
other, new ways of teaching.”

Yet the biggest barrier to professional development of teachers is simply lack of time in the school
day or calendar. According to Prisoners of Time. the widely quoted report of the National Education
Commission on Time and Learnring:

The greatest resistance of all [to reallocating time in schools] is found in the conviction that the only valid use of
teachers'time is “in front of the class:” the assumption is that reading, planning. collaboration with otherteachers. and
professional d2velopment are somehow a waste of time 8

4 Michael G. Fullan, “Staff Developmenit. Innovation, and Institutional Development,” in Bruce Joyce (ed }. Changing School Cut-
ture Through Staff Development, 1990 Yearbook of the Association for Supervision and Curriculum Development, p 4

5 Ann Lieberman and Lynne Miller, “Professional Development of Teachers.” Encyclopedia of Educational Research, 6th Ed., vol
3. M. Alkin (ed.) (New York, NY- Macmillan Publishers, 1982). p. 1049

6 As of early 1992, several "grants” had been awarded 10 teachers so they could change praclices intheir ciassrooms Funding
hasbeen providedthrougha$3 5-million privateendowmenttothedistrict Isabelie Bruder. ' Underwriting Change.” Efectronic Learn-
ing (New York, NY. Scholastic, Inc., February 1992). pp 26-27

" lbid

8 The National Commission on T-ne and Learning 1s a nine-member independerit advisory board established by the Education
Council Act of 1991 and charged.ithconducting a comprehensive. two-year review of the relationship between timeand learning in
the American schnols Prisoners of Time (Washington. DC U S Government Printing Office. April 1894). p 17

(continued)
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BOXj 2-8 (cont'd.): Profes iqnal-De\'/e_lb'pment in_1hé Lives of Téacher§

One of eight recommendations set forth in the Commission’s report is to give teachers time to learn
or prepare better for their work. Evidence suggests that teachers are committed to improving their own
knowledge and practice even on their own time. One study of the costs of staff development found that
for every dollar spent by districts and schools directly on formal staff development activities, individual
teachers personally contributed 60 cents in their own time, with no present or future financial com-
pensation.8

Some schools and teachers are finding that technology can be a grect resource to facilitate new
kinds of professicnal development; some technologies may help solve time and distance problems that
have traditionally interfered with collegial interaction. For exampie, electronic mail can circumvent the
problem of teachers not being free for collaboration or discussion at the same time as their colleagues.
Telecommunications technology can also pull together biology teachers scattered across a large
geographical area or enable teachers to take online credit courses from home. Videotaping technolo-
gies allow teachers to record their own teaching, for supervision and observation purposes; it also
allows the work of "master teachers” to be recorded anc shared with others Telecommunications
technologies are fostering the growth of “electronic communities” of teachers who can share teaching
experiences, problems, lesson plans, and new ideas.

9 Judith Warren Little et al . Staff Development in California (San Francisco, CA: Far West Latoratory for Educational Research
and Development, December 1987).

SOURCE: Oftice of Tech.ology Assessment, 1995

courages teachers to participate in their own re- | Expanding Opportunities for
newal rather than supplying teachers with pre- Formal Continuing Education

. . s 72
packaged mformatlon Or training.™® Yet many  echnology-based resources can greatly enhance
teachers are far fromcolleges, umversl(t;es,.orcen- opportunities for convenient, flexible, continuing
tral training resources in a state or district that  ¢qucarion courses and workshops—whether re-

might offer courses or topics of interest 'f"fth_e" quired for recertification or taken for personal
teaching field. Technology is one means of filling growth.”3 Educational programs and courses of-

this gap. Increasingly, te‘zchnology can provide oo over cable or public television, distance-
teachers access to new ideas, master teachers learning networks, packaged video (videotape,
and other professionals outside the school set- videodisc, or CD-ROM), and telecommunica-

ting, and courses and enrichment activities ;s networks can extend the range of options for
both formal and informal. It can also make it ;.. hor's study (see box 2-9).

possible to provide continuing sul‘)‘port”atter Distance-learning technologies enable learners
courtses eEd or after educators have “met” over ;. |,0.ions distant from one another and/or the
a network.

72 Ann Licberman and Lynnc Miller, “Prnfessional Development of Teachers,” Encyclopedia of Educational Research, 6th Ed.. M. Alkin
(cd.) (New York, NY: MacMillan Publishers, 1992), vol. 3, pp. 1045-1053,

73U.S. Congress. Office of Technology Assessinent, Linking for Learning: A New Course of Education, OTA-SET-430 (Washington, DC:
U.S. Government Printing Officc. 1989).
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instructor to participate in courses via video, au-
dio, and computer technologies. These technolo-
gies are increasingly being used to provide
instruction not just for students, but also for teach-
ers and other school staff. For example, teachers in
the 90 school districts in Los Angeles County par-
ticipate in staff development programs offered by
the LA County Office of Education’s satellite-
based Educational Telecommunications Network
(ETN).74 This service was developed in response
to the need to provide equitable staff development
for teachers regardless of local budget and geo-
graphic constraints. A range of courses are offered
on topics such as “Making Economics Come
Alive in the High School Classroom,” “Grouping
for Instruction in Language Arts, K-12,” or
“Creating an Emotionally Safe School: Conflict
Resolution and Peer Mediation.” The programs
and courses are led by experts—many of whom
are local teachers—from the ETN studios and sent
by satellite signal to school sites around the
county that have satellite dishes to receive the
broadcast signal. Participants can call in and inter-
act by telephone with the presenters in the studio.
Each participating school site also has a facilitator
who leads discussions and other activities after the
broadcast.

Teachers looking for. ways to improve their
own teaching may also engage in what researchers
refer to as “reflective practice.” Technology can
provide valuable resources for extending this con-
cept. Reflective practice involves asking focused
questions, sharing concerns, seeking common
meanings in teaching practice, or constructing

ideas in collaboration with other teachers. “Video
has a long, successful tradition as a means to sup-
port this form of collaborative learning among
teachers. Moreover, research supports the notion
that shared observation, discussion, and planning
of teaching in peer groups can lead to improved
practice.””® Typically, to learn from other teach-
ers, a teacher has to find time to watch and observe
in classrooms—a difficult scheduling feat for
most teachers. Video allows classroom interac-
tions or master teachers to be tapec for convenient
viewing. Or teachers can tape themselves teach-
ing, then ask a colleague, principal, or coach to of-
fer a critique or perspective.

One group of researchers has been organizing
teachers into video “clubs” on a school or district
basis. Teachers make videotapes of their own
teaching and teacher-student interactions. The
clubs watch and discuss one another’s videos as
well as videos of exemplary practice. The groups
have a facilitator who helps them focus on relating
standards of exemplary teaching to their own
practice.’® This can be particularly valuable for
student teachers or new teachers just learning their
craft, but it is also being used as a part of the proc-
ess for preparing teachers to meet the standards for
Master Teachers set forth by the National Board
for Professional Teaching Standards (see chapter
5).

Telecommunications-based electronic com-
munities are another vehicle for teachers to en-
gage in reflective practice.”” An electronic -
community can be a nonjudgmental forum for

74 Information about ETN provided by Sandra Lapham, consultant-in-charge. Instructional Media and Technologics. Los Angeles County
Office of Education, August 1994, ETN Program Guide, 1993-94, Los Angeles County Office of Education.

75 Jeremey Rochelle, Cherie Del Carlo. and John Frederiksen, **Restructuring Through Video-Based Reflection on Practice.” unpublished
manuscript. Institute for Rescarch on Learning and Educational Testing Service, n.d.. p. 2.

76 Ibid.

77 Sce, for cxample, the AT&T Leaming Circles project and the TERC LabNet project. started in 1989, LabNet provides support for high
school science teachers: the project is designed as a community of practice. connected mainly by atelecommunications network through Amer-
ica Online. There arc currently more than 500 teachers in the project, ex perimenting with new teaching strategies. reflecting on teaching experi-
ences, sharing resources, solving problems, and building collegial relationships, William Spitzer et al., Fostering Reflective Dialogues for
Teacher Professional Development (Cambridge, MA: TERC., 1994),

SN
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BOX 2-9: Mathline: A New A‘bproach to Professional Developmeht for Mathematics Teachers -

When the National Council of Teachers of Mathematics (NCTM) issued standards for teaching
mathematics, educators around the country applauded this first set of educational standards promoted
by a national professional association. However, agreeing on the standards—and developing the
suggested content, materials, tools and approaches to teaching in support of these standards—was a
substantial challenge. Even more daunting is the challenge of getting the word out to educators and
helping them implement this new vision of mathematics education in schools around the nation. To
respond to this need, the Public Broadcasting System (PBS) created a new framework for professiona
teacher education, channeling the resources of its 347 affiliated public television stations nationwide
and their experience in working with local educators.

The opportunity for PBS to enhance traditional educational services to schools came in 1993 with
the launching of Telstar 401, a state-of-the-art satellite greatly expanding programming capacity. This
expanded satellite access, combined with VSATs (very small aperture terminals), telephone, television,
and computer technologies made it possible for PBS to also offer interactive data, voice, video, and
muitimedia educational services to teachers and students. "We've tried to bring together technologies
in a way that really services people,” said PBS's executive vice president for education! " . . .we started
(with math) because it was the NCTM that was first out of the box with standards” for curriculum. In
collaboration with NCTM,2 in the fall of 1994, PBS launched Mathline, the first discipline-based educa-
tional service offered over the PBS "telecommunications highway.”

The Middle School Math Project, the first of several planned Mathline services, is a year-long
professional development course for middle schoo!l mathematics teachers. Each Mathline group has
approximately 25 teachers—some seif-selected, some chosen by their schools-—and a mentor teacher.
The management of each project is handled locally by the 20 participating public broadcasiing
stations, representing 16 states. The local stations do more than broadcast video lessons—they also
distribute course materials over the computer nzwork and offer technical and organizational support to
participants.

With the assistance of NCTM math consultants, the PBS affiliate Thirteen/WNET in New York pro-
duced a series of 25 hour-long video segments, in which teachers demonstrate and model the instruc-
tional approach and content promoted by math standards (e.g., ways to help build students’ skills in
reasoning, estimating, communicating, and problem-solving in math). In the “Something Fishy" video,
for example, a Maryland teacher uses small fish-shaped crackers to demonstrate how students can
learn how proportions can be used to count a large poputation (e.g.. the number of fish in the entire
Chesapeake Bay).3 The videos are aired on the local PBS station at a time when teachers can tape
them (at home or school) for viewing later at their own convenience, or several times to study key points in
detail as they choose. The groups discuss the videos in an online discussion facilitated by a master teach-
er. In a discussion of the "Something Fishy" lesson, for example, one teacher commented that, although the
concept was a good one, the technique would never work in most classrooms: "The kids would eat the
crackers before the lesson was over!"

' Sandra Welch. quoted in Mark Walsh, “Station Break.” Education Week, Oct 12. 1994. p 24.

2funding support was also supplied by the Corporation for Public Broadcasting. the AT&TFoundation. the CarnegeCorporation
ot New York. and the Cellular Telecommunications industry Association

3Walsh, op cit . footnote 1.p 25

4 Jinny Goldsten, vice prestdent. Education Project Developrnent. PBS. Alexandria. VA, persoial communication. January 1995
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BOX 2-9 (cont'd.): Mathliné: A New Apprdach to Professional Developmént for Mathematics Teachers -

In addition to the video segments and discussions, two national video conferences are broadcast
live, presenting the opportunity for teachers to talk with math educators and expert teachers from
around the country. The participating teachers can call in their reactions and questions live, tape the
videoconferences for later review, and discuss the ideas and questions generated in their subsequent
computer conferences.

The model is new for professional development—interactive, flexible, reaching teachers in local
communities who might not otherwise have access to high quality professional development. The
teachers’ reactions. halfway through the initial year, have been positive. As a teacher in Spring Lake
Park, Minnesota, said. "Most teachers are isolated in their classrooms. This gives them exposure.”S The
facilitator for her project suggests that teachers respond well to being freed from inflexible inservice
training at a set time and place. "They can sit in 10 minutes here or there to participate in the
discussion. You also tend to get a lot more thoughtful responses than you might get in a teaching
seminar."® Despite the fact that they may never meet face to face, the class becomes an electronic
community of learners.

Under a grant from the Rockefeller Fcundation, PBS is studying the feasibility of using the Middle
School Math Project as a model for other professional development activities for teachers, across a
range of content areas. The lessons learned in the pilot project for middle school math teachers will
form a basis for considering future steps.

S walsh. op cit . footnote 1. p 25
6 |bid

SOURCES Office of Technology Assessment, 1995, based on Public Broadcasting Service matenals and personal communica-
tions, January 1995

teachers to ask questions, solicit cpinions, and ex-  ers. Unlike schools in some other countries, time
plore personal philosophies with the aim of im-  is not set aside in the teacher’s day for working
proving their teaching.’8 Through these kinds of ~ with colleagues on a regular basis.”

exchanges, teachers can also build collegial rela-

8 . > Teaching, more than many other occupa-
tionships and become more adept at learning from

tions, is practiced in isolation, an isolation that is

each other. at times crushing in its separateness. Collegial-
ity is non-existent for many teachers, unless hur-

1 Fostering CoIIegiaI Work ;ied hlunches over pla(sjtic trays ?n ur'lkem;l)t
: : unchrooms are viewed as exercises in col-
with Other Professionals leagueship, rather than the complaint sessions
American schools tend to be structured in ways they are more likely to be. Knowledge is the cur-
that do not cncourage collegial work among teach- rency in which a teacherdeals, and yet the teach-

8 Spitzer. ibid.. pp. 7-8.

9 In Japan, for example, teachers typically have more students per class (35 to 40 versus 23 in the United States). but Japanesc teachers are
only in front of the class four hours a day. Likewisc. teachers in Germany are in class with students 21 to 24 hours per week, but their work week
is 38 hours. In these countrics. time outside the classroom is considered essential to the teachers® professional development. National Education
Commission on Time and Leaming, Prisoners of Time (Washington, DC: U.S. Govemment Printing Office. April 1994), pp. 23-27.
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er’s own knowledge is allowed to become stale
and devalued, as though ideas were not the life-
blood of the occupation. The organizational
structure of schools, so far as the professional
staff is concerned, is built on a series of one-on-
one relationships. Since there is little incentive
for teachers to integrate their behavior with that
of other teachers, they tend to go their own ways.
Teachers are so accustomed to working on their
own that they are surprised when someone tries
to act as a colleague and collaborate .30

As discussed in chapter 4, most teachers’ days
allow them little time or specific opportunities to
share ideas and communicate with colleagues, and
there is little incentive for them to work together.
Some teachers who have had regular opportuni-
ties to interact with other teachers—in person or
electronically—report that the collegial support
they receive far exceeds their expectations. One
teacher in Florida who team-teaches once a week
said, “I could never go back to teaching alone. I
can’t imagine how I did it before.”8! This teacher
received time and support from her school to plan
and prepare lessons with other teachers; she felt
that the chance todraw.on another teacher’s exper-
tise and contribute her own knowledge was in-
valuable. As one education writer pointed out,
“The beginning of the end of isolation is bringing
teachers together. Teachers feel more powerful
when they are part of a group with acommon pur-
pose than when they labor on their own.”8?

Some teachers have found online resources.
such as listservs, bulletin boards, or e-mail, to be a
convenient and time-saving way to connect with
colleagues and other professionals or resources
outside the school. Some networks, such as TE-
NET in Texas. Virginia's PEN, and the Scholastic

p. L

Network, are designed specifically for teacher in-
quiry and growth. Teachers also use commercial
networks like America Online and Prodigy for
this purpose; many of these networks have educa-
tional forums. Teachers who use these services
say that the exposure to new colleagues, ideas, and
resources can ‘nvigorate their enthusiasm for their
own learning (see box 2-10). As arecent survey of
accomplished educators’ use of telecommunica-
tions found:

. .. the opportunity to communicate with oth-
er educators and share ideas |is] one of the major
benefits of this technology. Obtaining rapid
feedback on curricular issues and other topics of
professional interest, and keeping current on
subject matter, pedagogy, and technology trends
are also important incentives.83

A teacher in Kentucky who subscribes to the
service Prodigy84 and regularly uses it at home,
noted that she has forged an online relationship
with people in her state department of education.
“I didn’t even know who they were when I first got
online,” she said, “but we had some of the same
questions we wanted answered, and they didn’t all
have to do with my school. I'still haven’t met them
face-to-face, but I feel like I know them."83

Some learning opportunities allow teachers to
contribute to the resource base of expertise, not
just take from it. For example, the Bellevue Wash-
ington School District network—called Belnet—
has been used to further the district’s philosophy
of peers learning from peers. Teachers use the net-
work for planning and joint teaching efforts. New
ideas about instructional practice, materials, and
strategies pass through the network, as do discus-
sions about using technology to promote learning.

80 Gene L. Macroff. The Empowerment of Teachers: Overcoming the Crists of Confidence (New York. NY: Teachers College Press. 1988).

&1 Naney McLaughtin, Webster Elementary School. St. Augustine. FL. OTA site visit. Apr. 20, 1994.

82 Maeroff. op. cit.. footnote 80, p. 24.

%3 Honey and Henriquez. op. cit.. footnote 4. p. 19,

%3 prodigy— like America Online and others—-is a commercial teleconmunications netwaorking system that charges a monthly fec (approx-
imately $9.95) and hourly rates ($2.95:hour) for usc of the network. Costs include software for connectivity.

¥5 Debbie Hall. Shelbyville, KY. OTA site visit. Apr. 18, 1994,
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BOX 2-10: Teacher Collegial Exchange Using Telecommunications

Perhaps one of the greatest benefits for teachers using telecommunications technologies is the ability to
engage in collegial exchanges—the opportunity to talk with other teachers about teaching. For example, a
teacher in Alaska can communicate with a teacher in South Carolina to discuss the ways in which both are
using The Diary of Anne Frank in their respective literature classes; these teachers can share lesson plans,
collaborate on activities online, discuss students’ difficulties or successes, and generally offer support to
each other as the school year progresses.

Below are some exampies of teacher dialogs in which teachers discuss some of the ways they use
telecommunications in their teaching and in their professional life. These teacher comments came from
BreadNet, the telecommunications network established by the Bread Loaf School of English at Middiebury
Coilege in Vermont, for secondary school English teachers. The enthusiasm and sense of collegial support
is common among telecommunications users woridwide:

| must assure you that the network has changed my classroom. . . . This year we have opened up our roomto the
restof the nation. We areisolatedhere, especially inthe cultural sense. My class has become aware of the differences
and similarities of students in Hawaii, Vermont, Mississippi, Soutt. arolina, as well as bush and urban Alaska. Dis-
cussions in class often center around how differently or similarly students we are communicating with view a certain
idea. When we went on a recent irip to see the Anne Frank exhibit in Anchorage, students commented they wished
everyone we had been writing to [throughout the year] could have been with us. My students will never again view
Native Alaskan culture inthe narrowfashionthey had viewed it before this year. Just that one concept change is worth
the whele project.—Teacher, Trapper Creek, Alaska

Letme sharewithyoua very realsuccessstory. . Kelly, a very bright 11thgrader inHonors English, was painful-
ly shy. She would take a "0" before she would stand before her classmates and speak. However, as soon as she
beganto "talk” online. | saw her begin to shine. She expressed her views on our [Class] poems in a clever, insightful,
and witty manner. . . . | took her to the conference in Myrtle Beach and while she would stili not speak before the
educatorsat ourinservice.therehas been a greatdealof change in her at our school. She has gained confidence from
positive feedback online and is now preparing to do a special oral presentation on Wordsworth for her classmates.
.. . I honestly feel that the telecommunications experience allowed her to view herself on another and more positive
light -—Teacher, Paw/eys Island. South Carolina

My children were able to participate in two projects on BreadNet. One was responding to the Korean Tale "Story
Sprrits,” which wentinto a publication with responses from Alaska and Virginia. They were very proud and excited to
see their responses printed alongside those of middle and high school students! . . . The parents were also im-
pressed. The children also centributed to a statewide newsletter about what was happening in our schools.

One of the most exciting things | participated in was the Alaska publication of "A Day in the Lite of a Teacher.” It
made me rethink my philosophy and set down honest thoughts The thoughts of my colleagues astounded me and
gave me new directions Inmy own thinking. The establishmerit of the Alaska Teacher-Researcher Network folder [on-
line} gave us an easy avenue for communication that we have had difficulty establishing on the university system.
This is due to the ease of the software. . |have been able to connect to colieagues around the nation on a
beginning project about the ixclusion of special education students inthe regularmiddle and high school classroom.

While BreadNet has not k.ecome a regular fixture in my classroom [for instructional purposes} for a number of
reasons, It has become & definite fixture in my professional lite. Being able to communicate with colleagues in my
state and nation on such an expedient basis has opened new avenues for me in my professional life. —Teacher, Ju-
neau, Alaska

SOURCE- Office of Technology Assessment, basad on teacher comments contained in unpublished documents obtained from Jim
Maddox, Director, Breadioat School of English, compiled for PBS Retreat. Apr 27. 1994
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Teachers use technology for many reasons, but ultimately,
getting and keeping students engaged in learning is the
strongest rnotivation.

The system, which is connected to the Internet,
also provides a followup to staff development;
when teachers complete a class, they can gain
additional help, or advice from their peers on
Belnet.86

Sometimes collegial support is an added bene-
fit of a student-centered project, as shown by the
Georgia ClassConnect project, a trial project that
connects four high schools and four colleges.
Teachers at any of the eight sites have a chance to
teach a group of students at any or all of the other
seven sites. Classrooms are equipped with
technologies to facilitate full interaction: moni-
tors, cameras, instructor and ceiling-suspended
microphones, a fax machine, a document camera,
and a personal computer that controls the equip-
ment at each location. Although the primary focus
of this pilot project is distance learning for the stu-
dents, teachers have learned methods and strate-

gies watching their colleagues that they have
incorporated into their own teaching.8”

CONCLUSION

The central question for ateacher has always been:
how can this help my students? This is as it should
be, and will not change as technology enters the
classroom. However, although research on educa-
tional technology has consistently focused on
how it may or may not benefit students, students
are not on their own in schools. It may be time to
rewrite the question and direct more research ef-
forts to explore some answers for teachers. Help-
ing teachers may, in fact, be the most important
step to helping students.

The examples in this chapter illustrate several
ways in which technology can help teachers im-
prove instruction, change the teaching and learn-
ing process, fulfill daily tasks, and engage in
regular professional development. But these vi-
sions of what is possible are far from the reality in
many schools and for the typical teacher. As the
next chapter will show, many schools do not have
the basic technology infrastructure to support tele-
communications and other newer applications.
And as chapter 4 will explain, there are schedul-
ing, organizational, curriculum, and other barriers
in many schools that hamper more effective use of
technology by teachers. Furthermore, as chapter 5
explains, if new teachers are not well prepared to
use technology as they enter the classroom, they
start teaching at a disadvantage. Chapter 6 sug-
gests federal programs are attempting to improve
the nation’s capacity to help teachers learn about
technology.

Still, as this chapter and others indicate, teach-
ers in a wide range of settings are overcoming the
barriers, blazing new trails, and learning lessons
from which others can benefit. Clearly, technolo-
gy implementation is a challenging task. Teachers
need support if it is to become a reality.

863 *.nR. Mergendoller ctal., “Excmplary Approaches to Training Teachers to Use Technology.” OTA contractor report, Scptember 1994.

87 william R. Jordan, * Using Technology to Improve Teaching and Leaming.” Dyvnamite ideas: Georgia ClassConnect (Greensboro, NC:

SERVE, 1993). p. 23.
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- Technology
Access and
Instructional
Use in Schools

SUMMARY OF KEY FINDINGS

= Researchto date has collected only minimal data fromteachers
about how much technology is available to them and how they
use various technologies for instructional or professional use.

» Projections suggest that by spring 1995, U.S. schools will have
5.8 million computers in use for instruction—about one forev-
ery nine students. Nevertheless, a substantial number of teach-
ers still report little or no use of computers for instruction.

= Compared with other countries, the United States leads the
world in the sheer number of instructional computers in
schools. About half the computers in U.S. schools, however,
are older, 8-bit machines that cannot support CD-ROM-sized
databases or network integrated systems or run complex soft-
ware. This problem is particularly pronounced in elementary
schools. When compared on the availability of the more pow-
erful 16- or 32-bit computers, the United States falls well be-
low other countries. This aging inventory limits the ability of
many teachers to use some of the most exciting applications of
computers.

= During the past two years, the most rapid growth of technology
in schools has been in CD-ROMs, videodiscs, modems, and
local area networks (LLANSs). Available data are weakest in pro-
viding information about how much access schools actually
have to these newer technologies, much less how they are be-
ing used.

= Video is the most cominon technology used for instruction in
schools; sources include direct broadcast, cable, satellite, or
videotaped programming. As of 1991, the typical school had
seven TVs and six videocassette recorders (VCRs). Most

LOd
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teachers make some use of video instruction
during the school year, but data about kinds of
use and effectiveness are lacking.

s The most common uses of technology in
schools today are the use of video for present-
ing information, the use of computers for basic
skills practice at the elementary and middle-
school levels, and the use of word-processing
and other generic programs for developing
computer-specific skills in middle and high
schools. Other uses of technologies—such as
desktop publishing, developing mathematical
or scientific reasoning with computer simula-
tions, information gathering from databases on
CD-ROM or networks, or communicating by
electronic mail—are much rarer in the class-
room. Technologies are not used widely in
traditional academic subjects in secondary
schools.

= Schools do not always locate their technology
in the most accessible sites. Most schools still
place a majority of their computers in computer
labs rather than individual teacher’s class-
rooms. Similarly, modems may be located on
a central computer in the principal’s office,
making it difficuit for teachers to integrate
computer or telecommunications activities
with other learning or professional activities
during the course of a day.

» High schools are more likely than elementary
schools to have newer or more powerful com-
puters, LANSs, hard disk drives, laser printers,
videodisc players, and distance-learning capa-
bilities. The greatest disparities in the distribu-
tion of computers among schools at the same
level (i.e., elementary, middle, secondary) are
found between small schools and large schools.
Schools with fewer students tend to have many
more computers per student. This pattern of
more resources per student in srnaller scho-!.
also holds for video equipment such as VCRs
and TVs.

» The majority of K-12 schools are ill-cquipped
to participate in the opportunities presented by
telecommunications networks. While tele-
phones, modems, fax machines, and other tele-
communications links with the outside world

are present to varying degrees in school build-
ings, they are not yet generally found in class-
rooms. Fewer than one teacher in eight has a
telephone in the classroom. Furthermore, most
schools lack connectivity, administrative and
organizational support, and technical expertise
to integrate electronic networks into the teach-
ing and learning process. Major investments of
time and other resources will be required to
prepare schools to effectively use electronic
communities.

INTRODUCTION

As demonstrated by many promising examples
throughout the United States (see chapter 2),
technology can be a rich resource for teachers of
all kinds to use in various educational settings.
With available technologies, teachers can solve a
range of educational problems, meet a variety of
learning goals in all curriculum areas, and serve
varying age levels or student populations. In addi-
tion, technologies offer teachers tools for accom-
plishing a variety of administrative tasks and for
enhancing their own professional development.

Before teachers and students can use technolo-
gy for these ends, however, they must have access
to the hardware and software. How widespread is
access to various technologies in classrooms
today? How much and what kinds of technologies
are available to the typical teacher? How are avail-
able technologies being used? This chapter at-
tempts to provide an objective statistical portrait
of the presence and use of educational technolo-
gies in American schools. The technologies cov-
ered include:

» computers of different levels of power and
sophistication;

» computer-based equipment such as CD-ROMs,
printers, and LANs;

» video resources such as televisions, videocas-
sctte recorders, cable, satellite, and videodisc
players; and

» tclecommunications networks and other tech-
nologies for two-way communication of voice,
data, and graphics.

I
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Statistical information in this chapter comes
principally from three major nationwide surveys
of schools, teachers, and students conducted in the
United States between 1989 and 1993!: the U.S.
portion of the 1992 Computers i1 Education
Study of the International Association for the
Evaluation of Educational Achievement (IEA),2
the 1991 National Study of School Uses of Televi-
sion and Video conducted by the Corporation for
Public Broadcasting (CPB),? and the 1993 Com-
munications Survey of Member Teachers of the
National Education Association (NEA).4

Although these are the best, most nationally
representative data sources’ currently available,
they still provide only a rough estimate of what
schools are doing with technology. In part, this is
because the landscape is changing so rapidly—
hardware and sofiware available in today’s mar-
ketplace have grown in technical sophistication
and decreased in cost compared with what was
available just a few years ago. In addition, much of
the available survey data come from principals or
technology coordinators who tend to focus more
on technology access and use at the building or
district level rather than the classroom level. In
general, recent national survey data are weak-
est in providing information about the class-
room context of technology use and teachers’
professional use of computers.

Available data are also lacking regarding access
and use of telecommunications networks by
teachers and schools—in part, because these ap-

plications have been increasing so rapidly in the
past several years. Telecommunications networks
allow teachers to interact with other professionals
and take advantage of resources beyond the limits
of their school or community. This chapter will
discuss the ways in which schools are obtaining
access to these networks and factors that affect
their participation.

WHAT TECHNOLOGIES DO SCHOOLS
OWN AND HOW ARE THEY USED?

Available survey data provide a picture of which
technologies schools own and how muchthe aver-
age school has. In examining these data, however,
one must remember that the presence of hardware
is only a first step. To use hardware effectively,
schools also must acquire the computer software
and video programming that give it life and must
orchestrate the available equipment to make it ac-
cessible to teachers and students. Teachers need to
see the value of using technology, have an idea of
how to use technologies effectively to accomplish
their instructional goals, and must receive the
training and continuing support necessary to over-
come the inevitable challenges technology poses.

Estimating the amount of hardware avail-
able in schools today is relatively easy com-
pared with estimating how frequently it is used
and for what purposes. Yet information about
the uses of technology is necessary for under-

t Much of this chapter is adapted from Henry J. Becker, *Analysis and Trends of Schoo! Use of New Information Technologies,” contractor
report prepared for the Office of Technology Assessment, March 1994, Inthis contractor report, resu'ts of a number of major national surveys of

cducational technology were synthesized and analyzed. See appendix B.

2 Ronald E. Anderson ct al.. Computers in American Schools. 199Z: An Overview, luternational Association for the Evaluation of Educa-
tional Achievement Computers in Education Study (Minncapolis, MN: University of Minnesota, 1993).

3 Andrew L. Russcll and Thomas R. Curtin. Study of School Uses of Television and Video: 1990-1991 School Year (Arlington, VA: Corpora-
tion for Public Broadcasting, February 1993). Also, see Research Triangle Institute, Study of the School Uses of Television and Video: Methodol-
ogy Report (Rescarch Triangle Park, NC: Research Triangle Institute. Mar. 20, 1992).

4 Princeton Survey Rescarch, National Education Association Communications Survey: Report of the Findings (Princeton, NJ: Princeton

Survey Research Associates, June 2, 1993).

5 “This chapter also includes information from reports in progress or published and technical documents related to these three studics. The
major features of these thice studies and the four other studies used in the analysis are described in appendix B.
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SOURCE: National Education Association. Status of the American Public School Teacher, 1990-1991 (Washington, DC: 1992)

standing the status of technology in today’s
schools.

One nationally representative survey of teach-
ers illustrates the gap that often occurs between
having access to technology and actually using it.%
Teachers who reported having various technology
resources “readily available” at their worksite
were asked if they used that resource “regularly.”
About 70 percent of teachers who have access to
video resources use them regularly, and about 60
percent with access to personal computers use
them regularly (see figure 3-1). Among teachers
who have access to multimedia, videodiscs, on-
line databases, and other newer technologies, an
even smaller share report using them regularly.

0 National Education Association, Status of the American Public Scho
tion, 1992).

B Computers

Of their total expenditures to date for technology
(as defined in this report), schools have spent the
most on computers. Over the past decade, schools
have spent roughly $500 million on new comput-
ers. Between 1989 and 1992, for example, schools
added 1.1 million computers, increasing their in-
ventory by nearly 50 percent, from 2.4 million to
3.5 million.

The typical high school in 1992 had 54 comput-
ers (median), and the typical elementary or middle
school had about 25 (see figure 3-2). The United
States leads the world in sheer numbers of com-
puters in schools (see box 3-1), although many of

ol Teacher 1990-91 (Washington, DC: National Education Associa-
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};lGURE 3-2: In'sta!led-Base of Computer and Video

Technologies in Typical Schools, 1991-92

Elementary school
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23computers € TVsets 4 VCRs

Middie school

26 computers 10 TV sets 6 VCRs

High school

! . . . kk
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54 computers 12 TV sets 8 VCRs

NOTE: Figures given are medians. Computer data from 1892, video from 1991.

SOURCES' R.E. Anderson (ed.), Ccmputers in American Schools 1992: An Overview (Minneapotis. MN: University of
Minnesota, 1993). AL Russell and T.R Curtin (eds ). Study of School Uses of Televisions and Video. 1990-91 School

Year (Arington, VA Corporation for Public Broadcasting, 1993).
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BOX 3-1: Results from an International Study of Computers in Education

In 1989, the International Association for the Evaluation of Educational Achievement (IEA) conducted its
first Computers in Education study of schools in 23 countries, including Austria, Germany, Japan, the Neth-
erlands, and the United States.! Surveys were conducted in each of three types of schools: elementary
schools (those with a 5th grade), middle schools (those with an 8th grade), and high schools (those with
the last year of secondary education). Within each school sampled, the principal, a computer coordinator,
and several teachers completed questionnaires. At that time, nearly 100 percent of schools in the United
States had some access to computers. Advanced 16- or 32-bit computers were found to be rare all over
the world. ¢

In 1992, the survey was repeated in the aforementioned five countries, and in eight more. In addition,
the 1992 study also tested over 69,000 students in grades 5, 8, and 11 in 2,500 schools to assess their
practical computer knowledge. Western European students had the highest scores, followed by American
students, then Japanese students. The Western European countries in the study have a formalized com-
puter education curriculum, while the United States does not. Japan only recently has introduced comput-
ers into its educational program.

Results from the survey indicate that the United States leads the world in raw number of school comput-
ers as well as in computer density (the ratio of computers to students). However, because American
schools started introducing computers years before most other countries, they now have many more older
8-bit machines. If countries are compared on the median percentage of their school computers that are 16-
or 32-bit computers, the United States falls well below the other countries.

1 Twenty-three countries participated n the 1989 study, and 13 in the 1992 study. Currently. published data are available for the
1992 survey of these five countries

SOURCE: Ronald E. Anderson (ed.). Computers in American Schools 1992: An Overview, IEA Computers in Education Study (Minne-
apolis, MN: University of Minnesota, 1993).

those in current inventory are older 8-bit models,  1980s.8 Further projections suggest that by spring

as discussed below. 1995, instructional computers in the United States
Projections based on these data indicate that as ~ will number about 5.8 million units—or approxi-

of spring 1994, the number of computers used for  mately one computer for every nine students.?

instruction in K-12 public and private schools to-

taled about 4.95 million.” During the last three  Age and Power of Computers

years, the total number of computers in schools

has risen by about 18 percent annually—about

700,000 more computers per year—compared

with an annual net of about 15 percent during the

Over the past decadc  most schools have acquired
computers incrementally, making purchases on
different occasions. Consequently schools often

7 Ronald E. Anderson, ‘*Hardware Projections in K- 12 Schools,” technical memo from the iEA Computers in Education Study. University
of Minnesota, Oct. 22, 1994. Projections based on 1992 1EA data, op. cit.. footnote 2, and Quality Education Data. Technology in Public
Schools, 1993-94 (Denver, CO: Quality Education Data, 1994).

8 Although industry sales indicatc about | million units are sold cach year. the instructional inventory only increases by 700,000 because
schools discard some and use some mainly for administrative purposes.

9 Anderscn, op. cit., footnote 7.
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FIGURE 3-3: Inventory of School Computers by Age/Power of Coriputers; 1992
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SOURCE: R.E. Anderson (ed.). Computers in American Schools 1992 An Overview (Minneapohs, MN University of Minnesota, 1993).

have machines of varying age and power. The
8-bit Apple II computer, the most popular com-
puter marketed to K-12 schools for use in instruc-
tion in the 1980s, still comprises a large portion of
school computer inventories even though it is no
longer made and cannot run most newer software.
As of 1992, one-half of the computers used for

10 These machines include the Apple ilgs and the IBM X T 8088,

instruction in the United States were 8-bit com-
puters, primarily Apple IIs. An additional 26
percent were somewhat more powerful but still
comparaiively limited computers with 16-bit pro-
cessors and 8-bit transmission buses (see figure
3-3).10 Most new software being designed today
cannot run on either of these types of machines.
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Outdated inventories are particularly pro-
nounced in elementary schools. The number of
newer 16- and 32-bit computers has grown most
rapidly at the high school level, where the invento-
ries have been shifting fairly quickly away from
Apple Il and toward IBM PC-compatibles. (Many
school districts moved Apple IIs from high
schools into elementary schools.) In 1992, over 40
percent of the elementary schools had no comput-
ers newer than Apple IIs.!!

Why are there still so many Apple Il computers
in K-12 schools? First, until recently their unit
costs remained lower than the more powerful
16-bit models. Second, until only four or five
years ago, more software aimed at the school mar-
ket was available for the older model computer.
And third, schools tend to continue to outfit labs
and classrooms with more of the same kind of
computers they already own, to accommodate all
the students in a classroom at the same time or
within a reasonable period.

Enhanced Capabilities and Peripherals

In the brief history of personal computers, there
have been several technological advances that
might be called “order-of-magnitude” improve-
ments—changes involving a 10-fold increase in
speed, miniaturization of components, or a
10-fold improvement in capabilities. For exam-
ple, at the beginning of the 1980s, floppy disks
quickly replaced audiocassettes as input-output
storage devices because they enabled users to ac-
cess data at least 10 times as fast. Obvious exam-
ples today are the 16- and 32-bit computers whose
order-of-magnitude increases in RAM memory
and speed accommodate much more complex
software than older machines; slowly these newer
models are displacing 8-bit computers in schools.

Four other order-of-magnitude improvements
in personal computers have the potential to revo-
lutionize computer use in schools: hard disk stor-
age, LANs that connect computers within the

I Anderson, op. cit.. footnote 7.

school building, CD-ROMs, and laser printers.
The first three each promise 10-fold or greater in-
creases in access to programs and data beyond the
typical floppy-disk-based computer. Laser print-
ers—especially in conjunction with LANs—
promise substantial improvements in both the
speed and appearance of printed output. All of
these innovations have been widely implemented
in business settings. What about in schools?

With hard disks and LANS, teachers and stu-
dents can store program and data files without
worrying about the mechanics of loading pro-
grams from disketies. As of spring 1992, hard
disks and LAN-connections were each available
on about 20 percent of all K-12 school computers.
Based on current purchasing trends, the Office of
Technology Assessment estimates that at least 25
percent of school computers have both LANs and
hard disks today, and perhaps one-third now have
one or the other.

LANS are somewhat less prevalent in elemen-
tary schools than in high schools: 16 percent of
elementary school computers were part of a LAN
compared with 24 percent of high school comput-
ers. Similarly, hard disks are found much more
often on high school computers. As of 1992, 30
percent of high school computers had hard disks
compared with only 12 percent of elementary
school computers. 2

CD-ROM drives allow storage of and easy ac-
cess to large amounts of data, including text com-
bined with detailed illustrations, animation,
sound effects, and spoken language. Schools are at
a much earlier stage in acquiring CD-ROM stor-
age than hard disks and LANSs, although CD-
ROM drives are among the fastest growing
computer peripherals. According to one survey
conducted during the 1992-93 school year, 44 per-
cent of U.S. public schools had at least one com-
puter equipped with CD-ROM, nearly triple the
percentage found two years earlier; as with other
computer technologies, high schools were more

'2 Hard disks and LAN data from 1992 IEA survey, op. cit., footnote 2.
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likely to have CD-ROM than elementary schools
(see figure 3-4).!13 Unfortunately, surveys have
not yet collected data on the number of school
computers equipped with CD-ROM, nor on
whether computers so equipped reside on a net-
work, what levels of schools have them, or how
much they are used. CD-ROM equipped comput-
ers tend to be placed in the school library or media
center, to make them accessible to a larger number
of students and teachers.

Since the mid-1980s, when teachers and stu-
dents began using computers as word processors,
schools have also invested heavily in printers. In
1989, for example, schools had one printer for ev-
ery three computers, although more than 90 per-
cent of these printers were the slower dot-matrix
kind. Four years later, dot-matrix printers still
made up nearly 90 percent of the inventory of
school computer printers. Between 1989 and
1992, high schools acquired an average of one la-
ser printer, but they also acquired seven more dot-
matrix printers per school. Even less change
occurred at elementary and middle school levels.
In 1992, only one-sixth of elementary schools and
one-third of middle schools had a laser printer for
teacher or student use, compared with about two-
thirds of high schools.!4

Together these data suggest that some of the
more promising uses of computers by teachers
and students—desktop publishing, mathemat-
ics instruction using analytic graphing and cal-
culating software, information-gathering from
CD-ROM encyclopedias or network data-
bases—can only be accomplished in a limited
way, if at all, on most of today’s school com-
puters.

Location of Computers

As discussed above, the speed, memory, and pe-
ripherals available on school computers affect the
ways teachers use them in their teaching and pro-

14 [EA data. op. cit., footnote 2.
13 1bid.

About half of all public schools have at least one computer
with a CD-ROM drive. They are often placed in central
locations like this high school library

fessional activities. Another key factor that affects
how teachers use computers is the location of the
computers within the school building. Placing
several computers in acommon location. suchasa
computer lab, enables teachers to use computers
with the whole class simultaneously, but also
makes it more difficult for teachers to integrate
computer activities with other learning activities
throughout the day. When computers are in labs,
teachers lack the easy access needed to use themas
an everyday tool or resource. About one-half of all
computers used for instruction in 1992 were lo-
cated in centralized computer labs, while about 35
percent were located in teachers’ ciassrooms. The
rest were placed in other special instructional
rooms, libraries, or offices.!3 As schools’ invento-
ry of computers continues to grow, more comput-
ers will probably be placed in classrooms,
although experience from the past decade sug-
gests that this is likely to occur gradually.

OTA site visits suggest that schools with a sub-
staitial inventory of technologies are investing in-
creasingly in laptop computers, which can be
moved around the school building and taken home

13 Market Data Retricval, Educational Technology 1993: A Survey of the K-12 Market (Shelton, CT: Market Data Retrieval, 1993).
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FIGURE 3:4: Percentage of Public Schools Owning Specific Technologies, 1993
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SOURCE: Market Data Retrieval, Education and Technoiogy, 1993: A Survey of the K-12 Market (Shelton, CT: 1993).

available on teachers’ access to this kind of
resource.

by teachers and students. Some schools place their
laptops on carts that can be wheeled around to
make any teacher’s classroom into a temporary
computer lab.!6 No data are availabie on the num-
ber of laptops currently owned by schools. Simi-
larly, some districts and states are investing in
computers for teachers (workstations) equipped
with software and tools commonly needed by
teachers. Again, no systematic data are currently

Differences in Computer Resources
Among Schools'

The student-computer ratio!8 gives some indica-
tion of how many students have to share a comput-
er, This ratio has declined dramatically over the

16 See, e.g., John R. Mergendoller etal., “Case Studies: Exemplary Approaches to Training Teachers To Use Technology,” contractor report
preparcd for the Office of Technology Assessment, September 1994,

17 Unless otherwise indicated, the data in this scction are taken from Ronald E. Anderson ct al., Computers in American Schools 1992: An
Overview, International Association for the Evaluation of Educational Achievement Computers in Education Study (Minncapolis, MN: Univer-
sity of Minnesota, 1993,.

'8 The number of students enrolled in a school divided by the number of computers available for students to use.
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past 10 years; as of 1992, United States schools
averaged one computer for every 13 students.
Closer examination of available data suggests,
however, that there is enormous variability in stu-
dent-computer ratios from school to school. For
example, there are vast differences between
schools with the lowest “computer density” (in the
20 percent of schools with the fewest number of
computers per capita) and those with high com-
puterdensity (in the 20 percent of schools with the
largest number of computers per capita). For ex-
ample, elementary schools with high computer
density average only seven students sharing a
computer, while those with low computer density
average 35 students sharing a computer (see table
3-1).

There is also a wide range in student-computer
ratios across states—varying from a low of eight
students per computer in Wyoming to 22 per com-
puter in New Hampshire (see figure 3-5). This
variability may reflect the fact that some schools,
districts, and states launched large-scale technolo-
gy initiatives over the past several years, while
others have emphasized different educational re-
forms, placing less emphasis on computer ac-
quisition.!?

Another way of looking at whether computers
are equitably distributed is to compare the stu-
dent-computer ratios of schools having different
demographic characteristics. Using the most rep-
resentative national data available, this kind of
analysis shows that the most pronounced differ-
ences in computer density among schools at the
sam: level (e.g., comparing elementary schools
with each other) are between small schools and
large schools. Schools with fewer students tend
to have many more computers per capita. Sta-
tistical analysis suggests that these differences are
not simply due to differences between urban and
rural schools. For example, in middle schools,

Placing computers together in a computer lab is common
and supports some forms of instruction. Teachers also need
computers and other technologies in the classroom if they are
to use them regularly as teaching tools.

where the differences are most pronounced, small
schools have approximately 14 students per com-
puter, while large schools have 24 (see table 3-1).
This pattern of more resources in smaller schools
also holds for video equipment such as VCRs and
televisions.20 This finding may reflect the tenden-
cies of many districts to allocate technology funds
on a per building basis, rather than a per student
basis. It could also reflect commitment to provid-
ing every school building with what is viewed as a
“critical mass” of technology (e.g., 30 computers
for a lab).

The percentage of minority students in a school
has a different relationship to student-computer
ratios across the three school levels. While there
are small differences among elementary schools
with different proportions of minority children
(see table 3-1), there are no differences among

19 Ronald E. Anderson, “State Technology Activitics Related to Teachers.” contractor report prepared for the Office of Technology Assess-

ment, Nov. 15, 1994.
20 CPB data. op. cit., footnote 3.
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TABLE 3-1: 'Av_érage Student-_Computer Ratios in 1992 by Computer Density,

Schooi Control. School Size, and Percent Minorities

Elementary Middle High School

Computer density®

Lowest 20% 345 38,5 31.4

Middle 60% 15.8 14.0 10.4

Highest 20% 72 54 3.7
School control

Private 205 18.2 1562

Public 17.5 151 119
School sizeP

Small 15.9 14.4 115

Large 225 24.3 171
Percent minorities

0-3% 16.7 14.0 125

4-24% 18.6 16.2 125

25-100% 18.7 18.3 12.4

2Schools were divicied into three groups based on the computers per capita. “Highest 20%" refers to the 20% of schools
that have the most computers per capita, "Lowest 20%" refers to the 20% of schoois with the fewest number of comput-

ers per capita.

b The dividing point between small and large schools was at an enroliment of 500 students at the elementary level, 700
students at the middle schoo! level, and 1100 students at the high schoo! level.

SOURCE: R.E. Anderson (ed.). Computers in Amencan Schools 1992: An Overview, (Minneapolis. MN- University of

Minnesota, 1993). table 2.3.p. 17.

high schools. The largest differences appear in
middle schools, where schools with less than 4
percent minority enrollments have an average of
14 students per computer, while schools with
more than 24 percent minority enrollments have
18 students per computer.

Ratios of students to computers do not indicate
which students within the schools have access to
and experience with computers. Research done in
the 1980s found that in the early years of computer
adoption in schools, poor and minority students
had less access to computers both at home and at
school. In addition, data showed small gender dif-
ferences favoring boys over girls in access to com-
puters in school.2! Some recent data from the IEA

study suggest that while giris are still somewhat
less likely to report using computers at school or
receiving instruction in computers, ethnic minor-
ity students are slightly more likely than white
students to report having had these opportunities.
The authors of this report write:

The advantage of ethnic minority students
over white students will come as a surprise to
those who read the statistics from previous stud-
ies in the early to mid-1980s. Further investiga-
tion of the forces behind this pattern is needed,
but we might speculate that the minority advan-
tage at the 5th- and 8th-grade levels stems from
the success of programs like Chapter One which

21 See Rosemary E. Sutton, *Equity and Computers in the Schools: A Decade of Rescarch,” Review of Educational Research, winter 1991,

vol. 61, No. 4, pp. 475-503.
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FIGURE 3-5: Average Number of Students per Computer by State, 1994
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fund the purchase of new technology to be used
with disadvantaged students.2?

How Much Do Students Use Computers?

There are few reliable data about how much the 4
million-plus computers in schools are actually be-
ing used; the only estimates are rough ones. One
problem is that reports of use vary greatly depend-
ing on the source. For example, using reports of
computer coordinators and making certain as-

22 Anderson, op. cit., footnote 2, p. 81.

sumptions about shared use of computers (i.e.,
that one-half of the time students share acomputer
with a peer, and both are profiting from its use si-
multaneously) yields the following estimates:

= Computers are used about one and three-quar-

ters hours per student per week at elementary
schools.

= Computers are used approximately two hours
per student per week at middle schools.

IR
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ACOT/APPLE COMPUTER, INC

Schools are beginning to invest in laptop computers
because of the flexibility they provide. These students use
computers like books or notepads, taking them wherever
they go.

» Computers are used approximately three hours
per student per week at high schools.

* On average, computers are used about two
hours per week per student across all school
levels 23

The students themselves, however, report
much less frequent use:24

* 24 minutes per week in grade 5,
* 38 minutes per week in grade 8, and
* 61 minutes per week in grade 11.

At most, this is only one-third of the time esti-
mated from the coordinator reports. There are sev-
eral possible explanations. School computers may

23 Based on the 1992 IEA data, these estimates are, of course. average
withcomputers or whether some students monopolize their use—cither be
students, or the assignment practices of different teachers.

241n the Becker contractor report for the Offi
f computer use the stud
grade level. Each occasion was multiplied by the numbe

by 30, representing the roughly 30 weeks that had clapsed during the sch

25 Another possible reason for the apparent inconsistency between teacher
all) their students in a class or some (but not all) of their clusses use computers,

cally requiring computer use of all students.
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be sitting idle much more than the adults reported;
students may be underestimating their experi-
ences; some students may be having rather inten-
sive computer experiences while the rest are
having more limited, occasional, or exploratory
ones. Available data do not provide answers to
these questions.25

The data from both the coordinators and the
students suggest that, in the aggregate, older stu-
dents who use computers to any significant extent
use them two to three more times during a typical
week than younger students do. However, uni-
versality of use—providing experience with com-
puters to all students—is more likely at younger
grade levels. For example, student data suggest
that 74 percent of all 5th graders used computers
during the year on more than a few occasions, in
comparison to 57 percent of 11th graders.,

How Many Teachers Use Computers?
Data on the number of teachers who use comput-
ers vary greatly depending on how one defines a
“computer-using teacher.” Two different defini- .
tions—one quite inclusive, the other much more
stringent—yield very different estimates. In addi-
tion, these definitions have focused on use of com-
puters for direct instruction with students only; no
data are available on other teacher uses such as ad-
ministrative tasks or professional development.
In the 1992 IEA survey, a “computer-using
teacher” was defined liberally as a teacher who
“sometimes” used computers with students, Us-
ing this broad definition of how much teachers
themselves report using computers, 75 percent of
Sth-grade teachers, and about half of 8th- and

s and do not indicate whether all students have this same experience

cause of their own preferences, the course-taking patterns of different

cc of Technology Assessment (see footnote | ), the estimate of total computer time for a student
y reported for each of ninc subjects. Answers were coded according 1o
7 of minutes estimated for that grade level. and the total number of minutes w

asdividec
ool year up to the time the questionnaire was completed.

and student reports is that many teachers may have some (but not
or they allow students to do so at their option without systemati-
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11th-grade teachers were found to be “computer-
using” teachers.

A more stringent way to define “computer-us-
ing” teachers is to include only those teachers who
clearly required most or all students to do work on
computers.26 Under that definition, about one-
half of 5th-grade teachers, one-third of 8th-grade
English teachers, and one-fifth of 11th-grade Eng-
lish teachers qualify—roughly 20 to 30 percent-
age points fewer than under the other definition. If
an even more stringent criterion is employed, one
related to frequency of use,2’ the percentage of
teachers who identify themselves as “computer

using” is even lower—about one-third the size of -

the original group. Thus, the percentage of
teachers classified as computer-using teachers
is quite variable and becomes smaller as defini-
tions of use become more stringent.

Instructional Uses of Computers by Teachers

Over the past decade, the advice of “experts” in
educational technology about what teachers
should do with computers has been constantly
changing—from BASIC programming, to Logo
programming, to tutorials provided by integrated
learning systems, to generic computer applica-
tions such as word processing, to activities
integrated with existing curricula, to student-
developed multimedia presentations, and now to
telecornmunications-based learning communi-
ties?8 (see box 3-2). According to survey data,
however, when teachers are using technology
for instruction they do so in much more tradi-
tional ways.

For example, IEA survey data indicate that the
most common activities on computers for elemen-
tary students have been drills in basic skills and
instructional games. Also popular at all levels are
general “computer literacy” activities: use of vari-
ous instructional programs and generic computer
applications such as word processing. School
computer coordinators estimate, for example, that
students spend the most computer time learning to
type on computer keyboards and use word-pro-
cessing programs. Interestingly, the estimated
share of computer time students spend on mathe-
matics declines between elementary school and
high school from 18 to 8 percent, suggesting that
math teachers are using computers primarily for
students to practice arithmetic skills rather than to
solve higher-level mathematics problems. Be-
tween 1989 and 1992, the one significant change
in the allocation of student computer time was a
one-third decline in the time spent teaching stu-
dents computer programming as a part of comput-
er literacy education.

Available data suggest that in secondary
schools, computers are used relatively infre-
quently for teaching and learning in traditios-
al academic subjects, far less than in classes
focused on teaching students about comput-
ers.2? Although most middle-school and high-
school students reported using computers for at
least one academic subject, for most subjects, this
meant using computers only once or twice over
most of the school year. If one “ramines only
those classes for which students had used school
computers on at least 10 occasions during that

26 The criterion used by Becker (sce footnote 1) was that at least 90 percent of a teacher's students actually have used computers for their
class as reported by the teacher. This presumably counts only those cases where students use computers at the teacher s instruction rather than

totally on their own initiative.

27 For example, when the class is using computers, a typical student will do so at least once during the week: or during the school year an
average student will have had six experiences using any onc of several types of software such as word processing, *'print shop™ programs, or

desktop publishing.

28 Henry Jay Becker, “Computer Expericnce, Patterns of Computer Use, and Effectiveness— An Inevitable Sequence or Divergent National
Cultures™ Studies in Educational Evaluation, vol. 19, 1993, pp. 127-148,

29 |EA Student data, op. cit., footnote 2.
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BOX 3-2: Tumel.ne of Changes inthe Prevalhng Wisdom of Experts" About How

Teachers are told to:

Rationale:

Teachers are told to:

Rationale:

Teachers are told to:

Rationaie:

Teachers are told to-

Rationale:

Teachers are told to:

Rationale:

Teachers are told to:

Teachers Should Use Compuiters in Schools

1982

Teach students to program in BASIC.

“It's the language that comes with your computer.”
1984

Teach students to program in LOGO.

"Teach students 12 think, not just program.”
1986

Teach with integrated drill and practice systems.

"Individualize instruction and increase test scores.”
1988

Teach word processing.

“Use computers as tools, like adults do."

1990

Teach with curriculum-specific toots (e.g., history databases, science

simulators, data probes).

"Integrate the computers with the existing curriculum.”
1992

Teach muitimedia hypertext programming.

Rationale:
dience.”

Teachers are told to:
Rationale:

tractor report, March 1994,

"Change the curriculum—students learn best by creating products for an au-

1994

Teach with Iintemet telecommunications.
“Let students be part of the real world.”

SOURCE. H.J. Becker. "Analys:s and Trends of School Use of New Information Technologres,” Office of Technology Assessment con-

school year (i.e., once every three weeks since the
survey was completed 30 weeks into the school
year), more than one-third of secondary school
students reported using computers this often in a
computer class, but for other subjects the percent-
ages were much lower: 9 percent for an English
class, 6 to 7 percent for a math class, and only 2 to
3 percent for a social studies or science class.
Since word processing is a major activity in sec-
ondary school computer education classes as well
as in business education classes, it seems clear that
high school is still primarily a place tc learn
how to use word processing, rather than a

place where teachers have students do word
processing in order to achieve other academic
goals. This is even more likely for other applica-
tions, such as spreadsheets and database pro-
grams, which have been less integrated by
teachers into subject-matter instructional prac-
tices than word processing.

At the elementary school level, the survey
data suggest that students use computers over-
whelmingly in an exercise mode—doing drills
and playing various kinds of games with
instructional content—rather than in a pro-
ductivity mode, using computers as a tool to

1 1%
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solve problems or create products. Forexample,
53 vercent of S5th graders said that they used
school computers to play games on 10 or more oc-
casions during that school year, while 13 percent
said they did word processing. Similarly, about 65
percent of Sth-grade teachers report that comput-
ers in their classes are mainly used for language
arts skills practice and games, while 18 percent
say they are used primarily for writing and word
processing; about 17 percent report both catego-
ries of use.

1 Video Technologies

The past several years have witnessed a growing
interest in teaching that uses video as a resource.
This is due, at least in part, to the expansion of
cable programming with educational content, the
widespread availability and familiarity with vi-
deocassette recorders, developments in computer-
based video, and an increase in the supply of
videodiscs for schools.

For the next several years, the basic projection
mechanism for video will likely remain the televi-
sion set or the composite (computer) monitor.
Nearly every school in the country has at least one
TV set for use in the instructional program. Ac-
cording to a 1991 survey of public schools, the
mean number of sets per school was 12; the me-
dian per school was seven sets.30

Unlike the case for computers, the availability
of television sets is nearly the same among ele-
mentary, middle/junior highs, and high schools.
In 1991, there “were slightly more than four televi-
sion sets for every 10 full-time teachers at each of
those levels. Ina 1993 survey, 41 percent of teach-
ers reported having a television set in their own
classrooms.3! :

Almost every school in the United States has at
least one VCR. As of 1991, the mean number per

public school was 6.3, or one forevery 1.9 televi-
sions. As with televisions, elementary, middle,
and high schools have about the same number of
VCRs per capita. The typical school has one for
every five teachers.

Teachers use VCRs for showing commercially
produced videos and for recording programs from
cable or broadcast television and showing them
later. Most schools maintain a library of prere-
corded cassettes. Based on Corporation for Public
Broadcasting (CPB) data, 67 percent of teachers
reported that they record shows at home for school
use, and many others said that they ask other
school personnel to make recordings for them.

It ic interesting to note that, unlike most sur-
veys on computers in schools, data on video and
television are given at the classroom level, or per
teacher, rather than per student. This may reflect
the fact that, unlike computers, video technolo-
gies are seen more as technologies to be controlled
by the teacher, who ptesents information to
groups of students or the entire class, rather than
technologies operated by individual students.

Cable and Satellite Connections

Teachers have an increasing nurnber of sources of
video programming beyond prerecorded cas-
settes, educational broadcasting, and recordings
made at home. Between 1991 and 1993, there was
a 25 percent increase in the proportion of schools
with direct cable connections,3? so that now as
many as three-fourths of all schools have cable
somewhere in the school building. Another sur-
vey found that roughly one-third of all teachers in
the sample reported having cable TV service in
their own classroom.33 “Access to cable” can
mean different things to different schools, how-
ever, depending on the channels carried by the lo-
cal cable provider and the type of service to which

30 CPB survey. op. cit., footnote 3. The large difference between mean and median suggests that while most schools have a few television
sets, a small minority have made a substantial investment in tclevisions, cnabling most teachers to have onc in their rooms.

31 NEA Communication Survey, op. cit., footnote 4,
32 Market Data Retrieval, op. cit., footnote 13, p. 140.

33 NEA Communications Survey, op. cit.. footnotc 4.

115




ACOT/APPLE COMPUTER, INC.

106 | Teachers and Technology: Making the Connection

Unlike videotape, which must be played in a linear fashion,
videodiscs allow students and teachers to browse through,
capture, and play video images in any order.

the school subscribes.34 One study, for example,
reported that, although 61 percent of schools re-
ported having access to the Public Broadcasting
System (PBS), and almost as many had access to
national commercial broadcast networks, far few-
er had access to commercial cable channels that
offer a number of educational programs, such as
the Discovery Channel (35 percent) or the Learn-
ing Channel (16 percent).

An increasing number of schools and districts
are obtaining satellite dishes, giving them a wider
selection of programming than that offered by
their local cable distributor. According to one re-
port, the proportion of schools directly accessing
satellite broadcasts nearly doubled between 1991
aad 1993.33 As of 1993, 50 percent of all school
districts reported having a satellite dish as did 17
percent of all public schools. High schools are

34 Andrew Russell, CPB, personal communication, Dec. 9, 1993,

more likely to have satellite dishes than are middle
or elementary schools (see figure 3-4),36

One contributor to the recent growth of satellite
dishes in middle and high schools has been the
Channel One project created by Whittle Commu-
nications, Inc. (and now owned by K-III Commu-
nications). Whittle installed satellite reception
systems in schools that committed to show stu-
dents “Channei One,” a daily 12-minute news
program, which includes two minutes of commer-
cials. Each participating school also received two
VCRs and enough 19-inch television sets to put
one in each classroom.

By the spring of 1993, three years into the pro-
gram, approximately 12,000 schools were receiv-
ing Channel One, according to Whittle. A
three-year evaluation report of Channel One trans-
lates this to mean an audience of over 18 million
teens, or almost 40 percent of the 12- to 18-year-
olds enrolled in school.3” With these participation
numbers, the Channel One offer seems to have
contributed substantially to the installed base of
video technologies in middle and high schools
throughout the country. Some evidence suggests
that this impact may be greater in poorer school
districts. One survey found Channel One partici-
pation to be higher among districts with a poverty
rate exceeding 25 percent than in districts with
poverty rates under S percent (42 percent vs. 25
percent),38

Videodisc Players

Teachers use instructional videodisc differently
than they use videotapes. Teachers commonly
videotape programming to show in a linear for-
mat; for example, to have.students watch a
10-minute instructional television segment or an
hour-long program from beginning to end. An

35 Market Data Retrieval, op. cit., footnote 13. The specific rate of increase reported was 85 percent,

36 Ibid., andi CPB survey, op. cit., footnote 3.

37 Jerome Johnston and Evelyn Brzezinski, Tuking the Measure of Channcl One: A Three Year Perspective (Ann Arbor. ML: University of

Michigan, Institute for Social Rescarch, January 1994).
38 MDR, op. cit., footnote 13.
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instructional videodisc, by contrast, usually con-
tains many thematically related but short (under 3
minutes) discrete segments of action and still vid-
eo. The teacher or student can access and directly
control the segments of visual and audio materi-
als. Using a remote control, barcode reader or
computer equipped with hypermedia software,
the teacher can browse through, access, and play
different segments of video in any order—using
them, for example, to illustrate and enhance a pre-
sentation or discussion.

The number of public schools with at least one
videodisc player doubled between 1991 and 1993,
to 41 percent. During that period the variety of
educationally appropriate videodisc software in-
creased substantially, and at least two states al-
lowed videodiscs to appear on the list of “texts”
approved for adoption as options to printed text-
books. As with many other technologies, more
high schools report having a videodisc player than
do middle and elementary schools (see figure 3-4).

Still, in terms of access, the question is not
whether a school has videodisc equipment but,
rather, what proportion of teachers can use the
videodisc equipment without difficulty. In a 1991
survey of teachers, only 12 percent reported that
they had videodisc players readily available to
them in their schools. Furthermore, less than half
of those teachers reported actually using the vid-
eodisc regularly for instruction (see figure 3-1).40

Camcorders

Camcorders and other video equipment allow stu-
dents and teachers to undertake new kinds of
learning activities, such as making their own vid-
eo reports or recording student presentations.
Most schools have at least one camcorder; as of
1991, this was true of 80 percent of elementary

39 MDR, op. cit.. footnote 15. p. 8!

40 NEA. op. cit., footnotc 6, pp. 53-54.
4! CPB survey. op. cit.. footnote 3.

42 bid,

schools and 90 percent of middle and high
schools. Some 8 percent of all schools even had
their own TV studio in 1991, including 22 percent
of high schools. But not every school makes this
equipment available to teachers or students. Ac-
cording to one survey, just slightly more than half
of the schools with camcorder or studio facilities
used these for student instructional activities, in-
cluding giving students production experience or
feedback on their own performance in a classroom
activity.4!

How Much Are Video Technologies
Used in Schools?

Available data on teachers’ use of video resources
reflect conditions in the spring of 1991.42 For tele-
visions, VCRs, and other video resources whose
use has been reasonably stable over time, the 1991
information is still useful; for videodisc, CD-
ROM, and emerging technologies where use is
expanding quickly, the 1991 data are clearly in-
sufficient.

Most teachers in the United States make some
use of video-based instruction during the year.43
In the CPB survey, about 80 percent of U.S. teach-
ers said they had used instructional television or
video some time during the school year. About
one-half of all teachers (51 percent) said they had
used TV or video in teaching in the past month.
The teachers most likely to have used video re-
cently are elementary school teachers and second-
ary science and social studies teachers.

Estimates derived from the CPB cata suggest
that across all subjects, secondary students, on av-
erage, spend one and-one-half hours per week
watching video material in schoo). The average

43 Although the survey questions specifically asked about "video,” usc of film media was not explicitly addiessed in instructions to teach-
crs, making it difficult to know how much film usc is incorporated into thesc statistics.
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elementary student is estimated to watch video in
school for slightly more than one hour per week.

§ Technologies for Two-Way
Communication

The instructional technologies discussed above
are used primarily to transmit information or to

‘help develop student competencies. But it is

another function of instructional technology
where applications are expanding rapidly—to fa-
cilitate two-way communication, allowing teach-
ers and students to share their ideas, questions,
and productions with the world outside of their
school. As schools attempt to make learning
more meaningful to students and to anchor it
in “real world” examples and experiences,
more and more educators are looking for tech-
nological tools that help teachers and students
to communicate with the outside world.

Schools are acquiring and exploring a range of
technologies and tools that facilitate two-way
communication. These include new ways of using
older technologies such as telephones, facsimile
machines (fax), and modems; combinations of
different technologies, such as distance-learning
systems; and new kinds of telecommunications
hardware, software, and services. Because many
of these latter applications are so new in schools
and are expanding so rapidly, up-to-date survey
data about access are not available. However,
some data have been collected about telephones,
modems, fax machines and distance-learning
technologies in schools; these are discussed be-
low.

Telephones and Fax Machines

Telephones and fax machines are two commu-
nications resources with great potential for teach-
ing and learning; too often, however, they usually

44 NEA Communications Survey. op. cit., footnote 4.

are accessible only to school administrators. Ac-
cess to telephones, in particular, is currently a ma-
jor technology issue being discussed by teachers’
organizations. Although one-third of all teach-
ers in a recent survey felt it was “essential” to
have a telephone in their classroom, only one
teacher in eight had a telephone in the class-
room that could be used for outside calls. Less
than 1 percent had access to voice mail. Most
teachers have to make calls from the school office
or a faculty lounge, where many colleagues share
a phone and most conversations cannot be held in
private. Sixty-three percent of teachers surveyed
felt it is “essential” for parents and teachers to be
able to contact one another during the school day;
almost three-quarters of teachers feel that having
tel>phones in the classroom would improve
parent-teacher communication at least *“‘some-
what,”44

Among the reasons for restricting teachers’ ac-
cess to phone services are concerns about costs
and unregulated use. Installation and monthly
charges tend to be prohibitive for a restricted
school budget, in part because phone companies
often charge schools higher-priced business rates
for installation and message unit charges.*?

Teachers seem less interested in having access
to fax machines. Although approximately one-
fourth of teachers had access to a fax machine in
their school, most did not view it as an important
instructional resource.® Since fax machines are
relatively rare in schools, it is likely that most
teachers are not aware of their instructional or ad-
ministrative potential.

Modems

Modems, which allow computers to communicate
electronically across a telephone line (*telecom-
puting”), have been available almost from the be-

45 Edmund L. Andrews, *MCI Plans To Enter Local Markets,” The New: York Times, Jan. 5, 1994, p. D1: and U.S. Congress, Congressional
Budget Office, Promoting High-Performance Computing and Communications (Washington, DC: U.S. Guvernment Printing Office. June

1993). pp. 39-43.

46 NEA Communications Survey, op. cit., footnotc 4.
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ginning of personal computing.#’ Although many
districts have modems, they were originally dedi-
cated primarily to administrative uses. With the
advent of new educational applications of elec-
tronic networking, however, modems have be-
come an important gateway to telecomputing.

In recent years schools have begun installing
more modems for teachers to use for instructional
activities. For example, in the 1989 IEA survey,
slightly more than one-fourth of U.S. schools had
a modem that could be used by teachers or stu-
dents. By 1992, that percentage had grown to 38
percent overall, including 60 percent of all high
schools, 35 percent of middle schools, and 33 per-
cent of elementary schools.*8

As with other technologies, the presence of a
modem in a school building does not tell much
about the average teacher’s access to telecomput-
ing. Many teachers may consider access to a mo-
dem anywhere in the school sufficient for the
occasional special project. Over the long run,
however, if telecomputing is to be used regularly,
classroom access to a modem or alternative con-
nection will be necessary.

Distance-Learning Technologies

The most established educational technologies for
two-way communication are those used in dis-
tance learning. For more than a decade, schools
have used live one-way video technologies via
satellite or broadcasting in conjunction with two-
way audio (via phone lines) or other two-way me-
dia such as ccmputer networks or fax machines to
expand learning opportunities. Some distance-
learning projects also involve two-way video
communication through microwave or fiberoptic
transmission. Distance learning is most often used

by schools in remote, rural, or sparsely populated
areas and by other schools that lack traditional
educational resources, such as a qualified teacher
for a low-enrollment course. Distance-learning
technologies allow high schools, for example, to
offer courses, such as advanced calculus, Jap-
anese, and Russian, that may not be available
otherwise.

The prevalence of distance learning is difficult
to estimate, in large part because its definition is
inexact and inconsistent. In a 1991 survey, about
17 percent of districts reported having some ca-
pacity for live video with interactive capabili-
ties.*? Another survey found that in the 1992-93
school year, 28 percent of districts had some dis-
tance-learning capability and that 11 percent of all
schools were involved in distance-leaming—
double the number from their data taken two years
earlier.’0 In this survey, high schools were much
more likely to have distance-learning capabilities
(25 percent) than either middle (10 percent) or ele-
mentary (8 percent) schools, probably because
high schools use it to offer advanced cou: ses for
which they may not have enough students to hire a
qualified teacher.

In about 70 percent of the districts with dis-
tance-leamning capabilities, two-way interaction is
limited to voice-only interactivity through dial-up
telephone lines,3! an arrangement that allows only
a small number of the participating classrooms to
communicate on-air with the studio video instruc-
tor during a given class period. About 20 percent
of districts’ distance leaming employs two-way
video. Available surveys do not assess the number
of classes or students using distance learning for a
portion of their instructional time.

47 Wircless modems, using cellular technology, are also now available. Their use in schools is still very limited, due to the expense of initial
purchase costs and the costs of per minute charges when used for connecting to networks outside the building.

48 |EA data, op. cit., footnote 2.

49 Calculated from CPB data, op. cit., footnote 3.

50 Market Data Retrieval, op. cit., footnote 13. District percentages from the MDR file are, however, questionable because of the low re-

sponse rate in that survey.

5! 1bid., and CPB Survey, op. cit., footnote 3.
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A camera mounted on the computer takes pictures or videos
of learners at one site and sends them to students at other
focations, adding a personal touch to collaborative group
work.

However defined, the use of distance learning
in K-12 settings has increased considerably in the
last several years. While fewer than 10 states were
participating in distance-learning projects in
1987, virtually every state is now involved with
distance learning in some way. In addition to us-
ing distance leaming for student instruction, many
states and districts use it for videoconferencing,
teacher training, and professional development
(see chapters 4 and 5).%2

Technologies for Linking to

Wide Area Networks and the Internet®

There are several possible way s schools can link
up with wide area networks (WANS) in general,
and the Internet in particular (see box 3-3). The

52 Market Data Retricval, op. cit.. footnote 13.

options for telecommunications connections are
shifting, as individual modem dial-up connec-
tions give way to more sophisticated and higher
speed connections to WANs and the Internet;
these options include connections via LANS,
high-speed phone lines, dedicated connections,
and so forth. Other models of connectivity include
Integrated Services Digital Network (ISDN), sat-
ellites, digital cable, or other linking technologies.
Several connectivity formats are described briefly
below; however, no national data are currently
available regarding how many schools and dis-
tricts are using any of these options.

Direct single modem dial-up

Connectivity often begins with a pioneering indi-
vidual teacher making personal connection to a
network through a dial-up modem—in some cases
a regular telephone line and a computer outside
the classroom, in the principal’s office or the li-
brary. The teacher might access any of several ser-
vices with different features: one aimed primarily
at Internet connection (e.g., the World Wide Web);
one that seems easy to use, such as America On-
line; a state-level network, such as The Texas
Education Network (TENET); or a special interest
network such as EcoNet for ecology. Most dial-up
services now offer some form of Internet connec-
tivity, and through that, access to other services, a
factor that is gradually reducing earlier problems
with unconnected networks.>*

LAN-Internet (direct or indirect)

without video

To reach the Internet directly, a user must go
through an Internet node. Nodes are allocated by
regional network providers who provide network-
ing hardware as well as the electrical connection.

53 Much of this section is taken from TERC, “Review of Research on Teachers and Telecommunications,” contractor report prepared for the

Office of Technology Assessment, May 1994,

54 However, it is important to note that “Internet connectivity™ comes in different levels, starting with e-mail only and progressing through
aceess to file transfer, Wide Area Information Servers (WAIS), and other services. Dial-up services have to support cach major server function
like these separately, and are quickly augmenting their services, However, “full” Intemet connectivity of the kind that would support vidco may

not be practical through dial-up providers for some time.
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Some schools have established their own Internet
node and server at a school and connect that to the
school’s LAN. The server can be a point of pres-
ence on the network where resources of value
within the school can be published. As of Decem-
ber 1994, there were 189 Internet sites in K-12
schools.>> For example, the Ralph Bunche School
in Harlem has its own Internet server. A single
low-speed data-only line (e.g., 56 Kilobits per
second (kbps)) is sufficient to support multiple us-
ers, providing they do not require video or heavy
use of high-bandwidth services, such as the World
Wide Web (WWW),

Other schools avoid the costs of an Internet
node by using an indirect connection; that is, con-
necting their LAN to another one nearby that has
Internet connectivity. This nearby connection
could be a district headquarters, a college, the high
school, or a friendly business. Again, a 56-kbps
dedicated line can support a few dozen teachers
who use relatively simple applications.

LAN-Internet with video

Sending video images over networks requires
substantial bandwidth and entails higher costs
than other options. Networking capacity that han-
dles digital video will also increase the perfor-
mance of all other kinds of networking. In
addition, there are new kinds of network-based
multimedia presentation software, such as WWW
browsers like Mosaic,>® that can be used only over
networks with video capacity, even if they do not

use video. An Internet connection through a
“T-1"1.5 Mbps (megabits per second) line con-
nected to a school LAN could support the entire
school.

Although many network services are currently
offered via single modem dial-up, dedicated ac-
cess to the Internet is becoming increasingly at-
tractive because, although it entails higher costs
up front, it may be more cost-effective and certain-
ly less limiting in the long run. Furthermore, these
connections can support multiple users simul-
taneously, offer access to many of the most
innovative and high-powered telecomputing in-
novations, and serve as a common mode of access
to a broad range of electronic communities.5’

Despite the advantages and growth of alterna-
tive connectivity scenarios, few schools currently
have any connectivity options. In those that do,
most are still using a single phone line connected
to a dial-up modem and computer. A lack of tele-
phone lines in schools and especially in class-
recoms is cited as the greatest barrier to
teachers’ participation in electronic communi-
ties.’® As discussed above, many of the tele-
phones that do exist in schools often serve
administrative purposes and are not available to
teachers for classroom use or for making outside
calls to networks. For example, a recent study of
TENET reports that 84,683 phone jacks were in
Texas’ 1,058 school districts. However, only 2
percent of the classrooms had access to a phone
line.””s9

55 Gleason Sackman. Coordinator. SENDIT, North Dakota State University, personal communication, December 1994,

36 Mosaic tefersto a class of software tools that originated with the National Center for Supercomputer Applications’ Mosaic. Several soft-

ware tools are now available with similar functions.

57 For example. sec Yvonne Marie Andres, “Hello Intemet; Tools for the Classroom, Comparison of Intemet Conncctivity Options.” Global

School Net Foundation, Bonita, CA, May 1994,

58 Margarct Honcy and Andrés Henriquez, Telecommunication and K-12 Educators: Findings Sfrom a National Survey (New York, NY:
Center for Technology in Education. Bank “treet College of Education, 1993),

39 WEB Associates, "TENET After One Year,” paper presented at the annual meeting of the Telecommunication in Education Association,

February 1993,
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BOX 33 Telecommunications Terms .énd Concepts '.

The creation of networks for microcomputers ushered in a new era in the development of computers.
Computer networks use electronic pathways (wired or radio-based) to connect one computer with other
computers, enabling a person at one terminal to communicate with other people, to transfer information
electronically, and to use computers in a distant location.

Local area networks (LANs) consist of computers connected iogether in the same physical area, usually
within one building. LANs can be connected to other LANs, expanding the people and computers with
whom users can communicate. Networks of computers able to communicate over larger distances are
called wide area networks, or WANs. LANs are often a building block for a WAN. WANs may span cities,
states, or even continents; most are closed systems set up for a specific group of users (e.g., private cor-
porate networks or state networks). The Internet is neither a LAN nor a WAN but an “Internetwork”—a net-
work of networks that share a common set of protocols. It provides access to databases and networks
around the world. LANs are typically used to share resources, such as printers, and to deliver instructions;
schools typically use WANs or the Internet to access external resources. !

The most common network conrection for K-12 educators to state networks or the Internet is typically
made by using a modem and a telephone line. The modem modifies the digital information used by the
initiating computer so that it can pass across telephone lines. Another modem at the other end restores the
information to a digital form that can be used by the receiving computer.

Information Services

A variety of information services with varying levels of sophistication are available to help people com-
municate and transmit information across computer networks. To use an information service, a computer
must have client software to communicate with the server software at the other computer.

The most common services of computer networks are electronic mail (e-mail), transfer of computer fites,
and remote log-in. E-mail allows the user to send messages to another person, a group of people (a list), or
an electronic forum (also called an electronic bulletin board) where many péople can read them. Computer
networks also let users copy and transfer electronic files from a computer where they are stored, called the
server, to the user's machine. These files may be written documents, maps, graphics, images or video, or
software files. Remote log-in enables a user at one location to use a computer at a distant location for such
activities as searching through library catalogues or making airplane reservations. These three services are
the building blocks of more sophisticated applications of networks. Some types of connections may sup-
port only one or two of these three basic uses; for example, a connection may permit sending e-mail to a
distant colleague but may not support transferring files from that colleague'’s computer.

One popular service is a chat room. In a chat room, messages entered by any user immediately show
up on the screen of all users, and a written record of the conversation is maintained. Chat rooms are a form
of synchronous communication (participants must be available at the same time); e-mail, by contrast, is an
example of asynchronous communication (users can communicate on their own schedules).

A small but growing number of teachers are gaining access to other kinds of information services avail-
able through the Internet, such as Gopher, World Wide Web, and Wide Area Information Servers (WAIS).
These services enable people with Internet connections to view and transfer files or to access extensive
databases (e.g., articles, graphics, software, current weather and weather forecasts, or stock market
prices). The basic prerequisites for access include the appropriate client software and a modem or other

1 See Denis Newman et al . *l.ocal Infrastructures for School Networking: Current Models and Prospects,” Techrical Report
No 22 (New York, NY Bank Street College of Education, Center for Technology tn Education. May 1992)
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BOX 33 (cont'd.): -Telecommuhiéatibns Terms and Cohcepis "

connection to a WAN; in addition, the WAN must support the desired service. “Internet connectivity" can take
place at many different levels. Some WANS have restricted connections to the Internet that allow only certain
kinds of services, such as exchanging e-mail or using Gopher but not using World Wide Web or WAIS.

A LAN or WAN that is fully connected to the Internet will support any of the varied and growing services
that follow internet protocols—procedures defining how to make new services work over the Internet—and
will allow users to link with any other computer that is also fully connected.

Organization and Support Structure

As yet, there is no one organization responsible for administering or supporting the Internet, so getting
support in the use of Internet services has been a problem for teachers. Organizations that currently pro-
vide teachers with connections have only limited support for beginners and have given little thought to
helping beginners acquire the necessary client programs. Some help is available, however, in the form of
books, electronic documents, and commercial products that combine books and ready-to-use software.2

Some support structures do exist. For each electronic community of teachers, whether organized
around a curriculum project or a topic of mutual interest, there is typically a group that provides the orga-
nization and a support structure to help define that community. Typically, the group provides such elements
as a name, a registration procedure, a framework of expectations, a timeline, print or electronic materials,
and support services. Examples of organizing structures include: curriculum projects, such as AT&T Learn-
ing Circles, NGS Kids Network, and TERC's Global Laboratory; discussion groups, such as the Consortium
for School Networking (CoSN); and programs, such as NASA's Sgacelink.

Educators can access information services through either commercial service providers, such as Amer-
ica Online, CompuServe, Prodigy, Delphi, and Apple's eWorld; or through nonprofit service providers, such
as state-supported networks. Both commercial and nonprofit providers are actively soliciting participation
of teachers, schools, and districts. While these organizations do not presently provide full connectivity to
Internet resources, they do offer extensive support to users. Some of the state networks have text-based
menu systems. Commercial providers use graphical software to support inexperienced users and provide
extensive user support through e-mail, answers to frequently asked questions (FAQs), and an "800" num-
ber. They also have designed ways to minimize connect time (the time when the phone line is actualily in
use), thereby keeping down the cost of their services. '

2 For example. Ventana Media has published the “Internet Membership Kit,” which includes a set of Internet client programs,
required protocols, and documents for both Mac and Windows platforms Purchase entities the user to free Internet account setup.
one month’s free service, and six hours of free online time through an Internet service provider

SOURCE. TERC, "Review of Research on Teachers and Telecommunications,” Office of Technology Assessment contractor report,
May 1994.

Faster modems and LANSs that enable multiple  that only 11 percent had access to wide area net-
users to connect to outside networks at the same  work services as well as alocal area network; none
time are not yet commonly available in schools. A of these schools used their LAN to distribute data
1990 survey of 485 California schools reported  from the WAN.90 Although these data are surely

8 Denis Newman et al., “Local Infrastructures for School Networking: Curent Models and Prospects.” Technical Report No. 22 ( New
York. NY: Bank Street College of Education, Center for Technology in Education, May 1992).
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out of date by now, they suggest a problem that re-
mains significant nationally:

Teachers’ and students’ access to the educa-
tional services now appearing on the Internet is
problematic, because few schools have informa-
tion infrastructures capable of routing data to in-
dividual classrooms, Unlike higher education,
K-12 institutions typically have neither host
computers powerful enough to allow direct ac-
cess to the Intemet nor a web of telephones and
modems that could enable individual Internet
usage through dialing up a provider. Further,
many schools do not have networks that trans-
mit data around the entire building, and the net-
works in individual classrooms often have such
low bandwidth that sending educational materi-
al from computer to computer is very slow. In-
terconnecting different types of networks within -
a school or district is also a complex technical
challenge !

State-Level Networks

An increasing number of states are organizing and
funding state networks for teachers and students
and sometimes for other public agencies and busi-
nesses. In a 1993 survey, 33 states reported sup-
porting one or more telecomputing networks, for
K-12 instruction.52 Six more states had a partially
operational network, and nine more had one in the
proposed or planning stages (see figure 3-6).
Some of these networks use a design whereby
teachers dial into local computers, which in turn
process and store messages. These loca: comput-
ers are placed to maximize the number of teachers
who can reach them through local rather than
long-distance telephone calls. Most state net-

works aim to provide services at little or no charge
to teachers. For teachers who are not local—a sig-
nificant proportion—“800” numbers are often
provided at substantial expense to the state.

State networks vary considerably in their
scope, purpose, sophistication, and support ser-
vices. Among the most ambitious are Virginia’s
PEN (see chapter 5), which aims “to guarantee ac-
cess to the Internet to every public school educator
at no charge,”®3 and TENET (see box 3-4).

Many states have established networks with
gateways to other networks. For example, Flori-
da’s Information Resources Network (FIRN) pro-
vides free electronic (e-mail) to all educatorsand a
menu that offers access to many Internet-based
services. FIRN also supports distance-learning
services, an automated card catalog, a technical
assistance system, staff development teleconfer-
ences, and satellite-delivered training for teach-
ers.64

Other states have established less ambitious
networks, offering such services as e-mail lists,
news groups, and computer conferencing. Indi-
ana, for example, supports both a statewide fiber-
optic network for education called Intelnet, and a
bulletin board called IDEAnet for educator com-
munications, conferencing, and database access.
Montana administers the Montana Educational
Telecommunications Network (METNET), con-
necting individual schools with Distance Learn-
ing Centers, Regional Training Centers, and
Compressed Video Sites. Oklahoma encourages
schools to link up to SpecialNet, a network de-
signed to facilitate special education. New Jersey
Link (NJLink) served over 4,000 teachers in 1993,

6! Chris Dede, “The Technologies Driving the National Information Infrastructure: Policy Implications for Distance Education,” paper
commissioned by the Southwest Regional Laboratory in connection with the U.S, Department of Education s Evaluation of Star Schools, Octo-

ber 1994, p. 1.

62 Educorp Consultants Corporation, Nenvorks Now: The 1993 Survey of How States Use Telecommunication Nenvorks in Education (Roa-

noke. VA: Educorp, 1993).

63 Glen L. Bull et al., “Considerations Underlying the Architecture of a State Public School Telecomputing Network,” Consortium for
Educational Telecomputing: Conference Proceedings, Robert F. Tinker and Peggy M. Kapisovsky (eds.) (Cambridge, MA: TERC, Apr. 18-19,

1991), pp. 121-134.

&4 Anderson, op. cit., footnote 19.
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- FIGURE 3-6: Status of State Subport for K-12 Ihstrubtional'TelecompUiing Networks, 1993

(7] Operational
i Partially operational
| Planning/proposed
212 No plans

Y Rhode Island
"] washington, DC

@ Information not available

SOURCE. Educorp Consultants Corp , Networks Now' The 1993 Survey of How Siates Use Telecommunication Networks in Education (Roanoke,

VA 1993).

offering fiee information resources, communica-
tion with other educators, and other network
services.

Other Networks

Other networks in which educators participate
have been organized by school districts, commu-
nities, and the private sector. School districts use
networks to foster districtwide educational goals
and to link with local and out-of-town electronic
network resources. While district networks often
include only such services as exchanging ¢-mail
within the district, posting messages on bulletin

boards, and reaching the Internet with e-mail,
some are more ambitious. The Boulder Valley In-
ternet Project, for example, is a collaboration of
the local university and the school district that
aims to link as many schools as possible with
high-speed connections and to encourage teachers
to use these resources. Similar efforts are under
way in other districts.5?

Community-based electronic networks link
many of the functions of community life with one
another. In these electronic communities, anyone
in the geographic area served can participate. As
of January 3, 1995, there were 130 of these local

65 Reports about other district projects can be found in Kenneth M. King and John Clement, EDUCOM, “Toward a National Network Infra-
structure for K-12 Education: Final Report on a Fact-Finding Mission,” unpublished manuscript, 1990.
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BOX 3-4: The Texas Education Network (TENET) *

With 40,000 participants and a 1993 average of 100,00 log-ons per month, the Texas Education Network
(TENET) is among the largest and most successiul state efforts to open the world of telecommunications
technelogy to teachers. Established in 1989, TENET aims to provide connectivity to all educators and stu-
dents in the state via a local or 800-number telephone call. The University of Texas in Austin operates TE-
NET via the THEnet (Texas Higher Education Network) backbone and houses its central resources and
operations staff.

Teachers in grades K-12 pay $5 per year for an account; university faculty and teacher education stu-
dents pay $25. Participants receive such services as e-mail, news groups, conferencing, file transfer, cur-
riculum guides, Internet gateway, and access to national, state, and local user groups.

Several aspects of TENET support preservice education and professional development for teachers.
Through special interest groups, teachers can share information and discuss educational issues. TENET
also has online training and maintains information files on a range of topics pertinent to teachers.

Among the most notable features of TENET is its major teacher training component. The network main-
tains 80 master trainers from all regions of the state. Master trainers provide support to school technology
coordinators, Regional Education Service Center (RESC) support staff, and others. They also communicate
regularly on a TENET special interest group and provide workshops and other training sessions for teach-
ers. Among the training issues addressed are how to join electronic teacher groups for professional devel-
opment, how to locate and download instructional materials, and how to use telecommunications to involve
students in global projects or collaborative writing.

The state has steadily increased its financial commitment to TENET since its creation, and in FY 1994
invested about $2.5 million in the network’s operation. In FY 1995, the state will spend $4.5 million on the
network. As TENET becomes more popular, Texas is grappling with how to meet demands for additional
phone lines and storage space at reasonable cost.

SOURCES. J.R. Mergendoler et al., "Case Studies. Exemplary Approaches to Training Teachers To Use Techrology.” Office of
Technology Assessment contractor report. September 1994; Educorp Consultants Corp.. Networks Now The 1993 Networks in
Education (Roanoke, VA Educorp, 1993); Connie Stout, Director, TENET, personal communication, November 1994; Geoffrey Fletch-
er. Interim Executive Deputy Commissioner for Curnculum, Assessment. and Professional Deveiopment. Texas State Department of
Education, personal communication, January 1995.

FreeNets in 42 states, according to an online sur-  and a model for community-based networks.%7
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vey.56 These networks offer bulletin boards for
students sharing work, expedite inquiries to local
public agencies, facilitate information sharing and
research, provide local databases, and so forth.
With over 35,000 registered users and over 10,000
log-ins per day, the Cleveland FreeNet, operating
out of Case Western Reserve University, is prob-
ably the largest community network in the world

The network provides users with everything from
e-mail services, to information about health care,
education, technology. recreation, law, auto me-
chanics, or just about anything else the host op-
erators would like to place on the machine.
Anyone in the community with access to a home,
office, or school computer can connect to the sys-

66 Elizabeth Reid, National Public Telecomputing Network (NPTN) survey, Jan. 3, 1995,

67 Doug Schuler, “Community Networks: Building a New Participatory Medium,” Communications of the ACM. vol. 37, No. 1. January
1994, pp. 40-48; and Sister Dolores Stanko, National Public Telecompunng Nerwork and Community Computing, distributed over e-mail by the

Cleveland FreeNet. on Dec. 12, 1992,
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tem, 24 hours a day, and use these services. All of
itis free and all of it can easily be accomplished by
a first-time user.

Not surprisingly, community-based networks
face the challenge of developing viable models of
low-cost network services that are accessible to all
community members. Some keep costs low by of-
fering users access to larger networks for the cost
of a local telephone call.

Use of Telecommunication Networks

Reasonably current national survey data provide
some information concerning the school use of
telecommunications hardware and sofiware for
information gathering, electronic mail, and col-
laborative instructional work. In the 1992 IEA
survey, data collected at the school level indicated
that in 10 to 15 percent of schools at least one
teacher used electronic mail/information net-
works (e.g., Compuserve); usage was higher at the
high school level than in elementary schools.
Approximately the same percentage of high
schools reported using online databases such as
Dialog. IEA also asked separately about two
instructional programs involving telecomput-
ing—AT&T Leamning Circles and the National
Geographic’s Kids Network. According to the
survey, AT&T Learning Circles had been tried in
about 4 percent of schools nationwide at all levels,
and the K-8-oriented Kids Network gamered par-
ticipation in 6 percent of elementary schools and 3
percent of middle schools. Altogether about 20
percent of schools reported using one or more tele-
communications service. However, no informa-
tion was available about the number of teachers
using the service at any given site.

A year later, the 1993 NEA Communications
Survey inquired of its sample how many teachers
had ever participated in a “learning network at
school, such as the AT&T Learning Network or
the National Geographic Society's Kids’ Net-
work” (6 percent had). whether the respondents

were currently engaged with their students “in an
on-line collaborative teaching or distance learning
[activity]” (4 percent were), and whether they
“had access to” public electronic mail and in-
formation utilities such as Prodigy (19 percent),
Compuserve (14 percent), America Online (7 per-
cent), and Dialog (9 percent). In addition, 4 per-
cent said they had access to the Internet through
their school. Altogether, nearly 25 percent of the
NEA sample of responding teachers reported hav-
ing access to at least one of these telecommunica-
tions services. While the NEA sample is not
representative of the U.S. teaching population,58
if the same percentage were applied to all U.S.
schools, it would mean that as many as 600,000
teachers nationwide were involved in telecom-
puting.

The extent of telecomputing activity among
teachers is not well understood—especially now
as potential opportunities for participation are
mushrooming. Furthermore, although the number
of telecomputing teachers is growing rapidly,
these data indicate that the great majority of U.S.
teachers still do not have access to telecommu-
nications services.

Telecommunications Software®®

In addition to access to hardware, teachers’ partic-
ipation in electronic communities is often deter-
mined by the ease of use and functionality of
available telecommunications software. Accord-
ing to TERC, to meet the needs of teachers, tele-
communications software should have the
following features: a user-friendly (*‘point-and-
click”) uterface (see figure 3-7); network con-
nectivity among multiple computer systems
(MS-DOS, Macintosh, etc.); multiple options for
conncectivity, including the Internet; the capacity
to send formatted nontext enclosures, such as
graphics, spreadsheets, and data video images; thc
al.lity to enable the same message or formatted
data to be sent to multiple parties who use diverse

%8 The NEA survey excludes teachers from most large city districts and others that are not NEA members (sce appendix B).

6 Much of this section is tiken from TERC, op. cit.. footnote 53.
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FIGURE 3-7: America On,line‘s-.LaSNet'Maih' Screen
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SOURCE TERC. ‘Review of Research on Teachers and Telecommunicatons,” contractor report prepared for the Office of Technology Assessment,

1994

software and hardware configurations; the ability
to download and manipulate files at user comput-
ers without re-formatting; and be capable of being
casily updated.

There are a growing number of Internet-based
telecommunications software tools for informa-
tion searching and retrieval. NCSA Mosaic and
other similar tools arc among the most powerful
because they provide a user-friendly means of
connecting with World Wide Web and Gopher re-
sources on the Internet. The Web includes online
documents that consist of text, images, sounds.
video. and animation on a range of topics, such as
Gaclic texts, art exhibits, movie clips, and clec-
tronic magazincs. Documents can include foot-
note like links to other files, so that by pointing

and clicking, the user can move from one docu-
ment to retrieve relevant information from other
documents located elsewhere on the Internet. In
addition, the telecommunications functions in the
Mosaic interface are automated so as to be nearly
invisible to the user. However, Mosaic is useable
only through a direct, relatively high-speed con-
nection, and this type of connection is still rare in
school settings.

Telecommunications, with the access it can
provide to resources beyond the classroem walls,
has considerable educational potential. Yet the ev-
idence reviewed here indicates that most schools
are not cquipped to participate in these oppor-
tunitics.
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STATE POLICIES ON ACCESS AND USE

State policies can be an important influence on
teacher use of technology. A telephone survey and
review of state literature done under contract to
OTA indicates that states have taken diverse ap-
proaches toaddressing the challenge of education-
al technology.’® This section summarizes some of
these data. (See, also, chapter 4 for discussion of
state technology policies related to inservice
teacher training and chapter 5 for state policies on
teacher certification and technology.)

I State Staffing for Technology

One way that states can influence local technology
use is through state staffing and support for educa-
tional technology. Staffing policies vary consider-
ably across states. In one state, the educational
technology coordinator is an associate commis-
sioner; in others, a part-time consultant. Some
coordinators are located within a media division,
others in an instructional technology unit, and
some in a telecommunications office. Some state
educational technology units have budgets in the
many hundreds of million dollars; other states
fund little more than a single staff person.

1 Technology Integration

All but seven states reported that they require or
recommend integrating computers or information
technology into the curriculum (see table 3-2).
About 25 percent of the states actually mandate
the integration of computer technology across the
curriculum. For instance, the Iowa Legislature in
1993 established an Educational Technology
Consortium charged with developing technology
plans for the state that ensure “equity of access”
and assist schools with the integration of hardware
and software into their curricula. However, the
way technology is to be integrated is less clear. In
fact, some states continue to equate technology

70 Anderson, op. cit., footnote 19.

policy with mandating courses about comput-
ers rather than assisting teachers to learn to
teach with a range of technologies.

§ Computer Courses for Students

Twelve states require that public schools offer
computer-related courses such as keyboarding or
computer literacy, while an additional 20 states
recommend to districts that such courses be of-
fered. For example, since 1984 Arkansas has re-
quired high school students to take a one unit
course in “computer science;” anew plan to be im-
plemented in 1996 requires Arkansas schools to
offer more advanced, elective computer science
courses as well. Washington State law requires
that each school district provide an opportunity
for high school students to take at least one course
in “computer education,” or allow students to take
it in another district.

1 Student Computer Competency

Today 19 states mandate computer competency
requirements for graduating seniors. Additional-
ly, as states define and set new achievement stan-
dards consistent with the Goals 2000: Educate
America Act (see chapter 6), many are attempting
to address skills students will need to work with
technologies. Maine law stipulates that schools
make instruction in the use and application of
computer skills available to secondary students
and requires each student “to demonstrate profi-
ciency in the use of computers that include load-
ing, operating, and applying fundamental skills.
This may include word processing, keyboarding,
developing a data base, accessing data, and using
software.””! Maine recommends that technology
be built into the curricula in grades 7 or 8, but
leaves it up to the districts to establish their own
plans and procedures. Utah requires that every
high school student be computer literate before
graduating, which students may demonstrate by

™ Dennis Kunces, Planning Guide for High School Diploma Computer Proficiency Requirement (Augusta, ME; Maine Department of

Educational and Cultral Services, 1989).
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TABLE 3-2: State Education Te‘chno_log;l _Pdﬁéieé":; Sepieﬁbér 1'_9_943 h

Requires
Promotes Requires Mandates computer Requires
technology computer computer training for inservice Students
integrationin  coursefor  competency teacher technology per
curriculum students for students  certitication training computer
State name (4} (2) (3) (4) {5) (6)
Alabama 7/ v v 17.7
Alaska v 8.6
Arizona v v 123
Arkansas v v v 14.0
California v v 19.5
Colorado v 1.2
Connecticut v 128
District of
Columbia v v v v 129
Delaware v 185
Florida v 11.3
Georgia 7/ 12.8
Hawaii v v 188
Idaho v 145
inois 159
Indiana v 111
lowa v 10.2
Kansas v v 9.9
Kentucky v 12.0
Louisiana v v 19.5
Maine v v v 14.4
Maryland v v 13.8
Massachuseits v v 16.3
Michigan 4 4 134
Minnesota v 1A
Mississippi v v v 17.9
Missouri v 134
Montana v 10.6
Nebraska v v 10.4
Nevada v v 136
New Hampshire v v v 22.0
New Jersey v v/ v/ 15.4
New Mexico v .’ v 124
New York v 12.3
North Carolina v v 13.1
North Dakota 10.4
Ohio v v 16.0
Oklahoma v v v v 13.5
QOregon v v 13.0
Pennsylvania v v 14.7
Rhode Island v v v 16.2
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“TABLE 3-2 {cont'd.): Stéte Education Technology Pdiicies, September 19942

Requires
Promotes Requires Mandates computer Requires
technology computer computer training for inservice Students
integrationin  course for  competency teacier technology per
. curricuium students for students certification training computer
State name {1) {2) {3) {4) (5) (6)
South Carolina v 13.7
South Dakota v v v 10.4
Tennessee v v v 184
Texas v v v 121
Utah v v v 133
Vermont 4 19.9
Virginia v 13.0
Washir gton v v v 10.9
West Virginia v 4 v 11.2
Wisconsin 4 4 11.4
Wyoming v 8.1

a An 'v'in the column means a state has that policy A blank celi means that the policy does not ex:st.

The definitions of the column check lists are as follows:

(1) State requires (or recommends) that public schools integrate computers or information technology in the curricutum.

(2) State requires that public schools offer computer-related courses such as keyboarding or computer iteracy.

(3) State has a mandate for computer competency or performance standards for siudents related to information technology.
(4) Teacher certification in the state includes a requirement for training in computers or technology (see chapter 5).

(5) State has a requirement for inservice computer or technology training (see chapter 4).

(6) Microdensity 1s defined as students per computer. (Data from QED, 1994 report oin Technology n Public Schools, QED, Denver, Colorado.)
SOURCE. R.E. Anderson, “State Technology Activities Related to Teachers,” OTA contractor report, Nov. 15, 1994,

taking a computer literacy course or passing a test
of technology-related skills and knowledge.”?

Many states, like Vermont, do not mandate
technology competency, but recommend that dis-
tricts make computer competency a graduation re-
quirement. North Carolina recently has designed
an innovative, detailed competency-based curric-
ulum in technology including considerable em-
phasis upon “information skills.” Beginning in
1995, students will have to pass a performance-
based competency test.

The state survey suggests that the amount of
educational technology hardware in a state is not
corrclated with the state’s tendency to establish re-

quirements in either student technology com-

-petency or in teacher technology training.

Therefore, OTA finds that the relative amount
of computer technology available in a state
should be used with great caution as an indica-
tor of that state’s commitment to technology in
instruction (see table 3-2).

CONCLUSION: ISSUES WITH POLICY
AND RESEARCH IMPLICATIONS
The data examined in this chapter suggest several

themes, issues, and questions that have implica-
tions for future policy decisions and research

72 Utah State Board of Education, " Elementary and Secondary Core Curriculum Standards,” Instructional Technology, Utah State Board of

Education, Salt Lake City, UT. n.d.
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Classrooms such as this one, with five computer workstations
as well as a television monitor, offer teachers flexibility in
teaching with technology. Many states are seeking funding

to provide this level of technology access in all classrooms.

agendas. This section discusses the importance of
developing a new definition of access to technolo-
gy, the importance of two-way communication,
additional research needed for policymaking, and
strategies for better understanding effective
instructional practices.

B A New Definition of Access

One overarching theme emerging from the data
presented throughout this chapter is the need to
begin thinking differently and more critically
about what constitutes “‘access” to technology by
teachers and students. Conventional data on infra-
structure—numbers of computers in a school, stu-
dent-computer ratios, and school ownership of
various kinds of video and telecommunications
equipment—are insufficient measures of mean-
ingful access to technologies. What is called for
is a new way of defining access that examines
the kinds of infrastructure, organizational ar-
rangements, and other supports teachers need
to use technology effectively in the classroom.

Under such a definition, a first step might be to
look at the availebility of hardware and softwarc,
but in a more discerning way than just counting
computers. Key factors include the age and power
of hardware and the kinds of peripherals and soft-
ware the equipment can support. Also crucial are

the presence of connectivity hardware, software,
and services. As the earlier discussion suggests, it
1s now possible to use the same technology in sev-
eral different ways, depending on what the pur-
pose of the user is, which kinds of software and
peripherals are available, and how multiple
technologies are combined or connected. 1t is also
important not to overlook older technologies,
such as the telephone (see box 3-5).

A second step might be to examine whether ex-
isting technologies are arranged and organized in
a way that is conducive to frequent and effective
use by teachers and students. Are different kinds
of technologies located in a central place or in in-
dividual classrooms? Can existing equipment br
made more mobile? Is there a LAN, and could it be
used for more purposes than at present? Are cer-
tain kinds of technologies “reserved” for certain
kinds of teachers and students, such as advanced-
level science students or business education stu-
dents? Is the hardware situated so that it can be
used effectively for different kinds of instruction,
such as group projects, buddy learning, or individ-
ual study or research?

A third step might be to examine the kinds of
support that teachers need to use the infrastructure
effectively: to integrate technology into their ev-
eryday teaching, to use technologies for two-way
communicztion, and to use technologies to en-
courage the best instructional practices. These
supports, discussed in more detail in subsequent
chapters, might include exposure to innovative
uses, high-quality professional development, an¢
ongoing technical support and expert advice.

I The Importance of Two-Way
Communication

The potential of new technologies to facilitate
two-way communication has changed dramatical-
ly in recent years and holds great promise for
changing teaching, learning, and professional de-
velopment. Telecommunications and networking
tcchnologies, in particular, create incomparable
opportunities for teachers and students. And new
hardware, such as videodisc or CD-ROM players,
makes it possible to combine the excitement of
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BOX 3-5: Plahning f'or.:Scho'ol_ Tecﬁnology Use: Two Stéte‘Exa_mples and Cost Estimates »

Technologies are used by schools for many reasons and to accomplish different goals. Technologies for
teaching and learning vary in key characteristics: how richly they convey information, how suitable they are
for whole classroom versus individual student use, how many pieces of equipment are required for simulta-
neous use by an entire class, how portable they are, how interactive and adaptable they are to individual
student or teacher needs, and how flexibly they can be used by teachers in a school setting. These char-
acteristics affect which technologies schools acquire and how they use them.

To some extent, therefore, the amount and type of hardware and software a given site “needs” depends
on the educational goals it expects to meet using technology. As a part of this planning process, some
states and districts are trying to designate some basic levels of technology to which each building and
classroom should have access and to estimate the costs of such an infrastructure.

For example, Kentucky's Master Plan for Education Technology calls for a communication system for
voice, video, and data that will interconnect all computer workstations in the classroom, school, district,
office, public library, and Kentucky Department of Education with other statewide and national education
networks.! Goals for instructional technology include a telephone in every classroom, a portable teacher
workstation for each of the 36,000 teachers in the state, and a computer workstation for every six students.
About 100,000 additional workstations will be needed to meet the student workstation goal. Taking into
account existing infrastructure that meets the standards of the Master Plan, the state estimates that $560
million will be needed to implement the plan over a period of six years.2

Implementation of the Kentucky plan began in 1992. The one-time costs of hardware and software will
be shared equally between the state and local districts. The ongoing maintenance and operations costs at
the state and district levels will be funded by the state, while iocal school districts will bear the mainte-
nance costs of the system's school, classroom, and family/school connection levels.

A recent initial planning document from the New York State Department of Education outlines the poten-
tal costs of implementing a vision of an even more advanced technological infrastructure for K-12 schools
in that state. This plan outlines the costs of putting a basic amount of new technology in every public
school building throughout the state and networking them.3 A three-stage deployment is envisioned. The
first stage would put five workstations with multimedia and network links in the library-media center of each
of the state’s 4,016 public schoois. The second stage would put one workstation in each of an estimated
187,000 classrooms and network them to a wide area network and the Internet via a broadband T-1
connection (1.5 mega bytes).4 The third, full-blown model adds four more workstations in each classroom.
The table displays the technologies and costs for this three-stage deployment, as well as the estimated

! Kentucky Department of Education. “Master Plan for Education Technology.” Councit for Education Technology. Apr. 30, 1992.

2Revisions to Master Plan for Educat:on Technotogy. adoptedby Kentucky State Board for Elementary and Secondary Education,
November 1993.

3 Existing hardware, software. and networking in schools were ignored in this cost mode! In addition. this model reflects an esh-
mate of the total lfe-cycle costs. exclusive of consumable matenals (e g . printer toner and paper) and furniture for a five-year penod.
The hfe-cycle cost analys:s takes into account not only hardware and software. but also mantenance, technical support, training,
networking. and other "hidden” costs This mode! particularly emphasizes the staff development and technical support components
of successful technology implementations Bastc list prices are considered in the cost model, since the model's author considered it
impossibleto estimate any discounts that would be appi:ed on such aiarge-scale purchase M.Radlick, "A Cost Model. Implementing
Technology in New York State Pubhc Schools - A Paper for Discussion.” New York State Education Department, Albany, NY. Novem-
ber 1994

4 Building wining would be fiberoptic cable to all classtooms. and copper trom there to the desktops Every workstation should be
networked to the internal LAN resources and out to the wide area network. including the Internet Networking and network resource
must be able to support high-bandwidth applications. inciuding muitmedia and interactive video from other sites Included in the
muitmedia capabilly 1s videoconterencing at the workstaton level Radiick. hd

(continued)
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o

) BOX.3-5 (cont'd.): Planning for School'Technoi'o'gy Use: Two State Exén}pleé and Cost .Estimates_ ‘-

Proposed Five-Year Cost Model for Implementing Technology in New York State Public Schools
Additional
cost for the 4
remaining
Network years in
infrastructure - First-year hardware
Stage of model Technologies {per building) cost lifecycie® Total cost
Stage 1 = 5 worksta- = 56kblinkto  $371,593,000 $436,991,200 $ 808,584,200
Putin the tions with Internet includes about includes about
library-media software,@ = 1 router $73 million for  $233 million for
center of each LAN, and In- 1 training and training and
. = 1 server
public school ternet con- o support per- support per-
puilding nections - Ln;ttl\ilocl?scto%f sonnel sonnel
- r -
(total _4'016) * 1laser nection to
printer library/media
= 1 CD-ROM center®
tower
= 1 color LCD
projector unit
Stage 2 = 1 workstation = T-1 network  $3,627,350,000 $2,616,200,000 $6,243,550,000
Put into each with soft- link includes about includes about
classroom ware, LAN, . jnitial costs  $769 million for  $1.7 billion for
(total = and Internet of network training and training and
187,000) connections connections  Support per- support per-
= 1 laser to class- sonnel sonnel
printer rooms
= 1 color LCD
panel
Stage 3 = 4 worksta- $2.992,000,000 $1,047,200,000 $4,039,200,000
Add into each tions with no additional
classroom. software, training and
LAN, and In- support
ternet con-
nections
Total costs $6,990,943,000 $4,100,391,200 $11,091,334,200
2 Total cost of each workstat:on estimated at $3.500 Worxstation includes a 486 (DX2) or Pentium or Macintosh Power PC 7100 with
CD-ROM and cotor monitor. Basic operating system (Windows or System 7) assumed to be bundled. Cost = $3.000. Additional ap-
plication software cost = $500
b The cost of network connections 1s assumed to average $7.500 per classroom The inihai network connection to the library/media
center 1s assumed to average $15.000
¢ Includes hardware and sottware mantenance (10 percent). training, support. and cost of service across T-1 and 56-kb links
SOURCE M Radlick. "ACost Model implementing Technology in New York State Public Schools —A Paper tor Discussion,” New York
State Educaton Department, Albany. NY. November 1994
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costs for operating, maintaining, upgrading, training, and support over a five-year life cycle. The estimated
total cost comes to just over $11 billion over five years.5

The New York state annual education budget for 1992-93 was slightly more than $21 billion. In 1992-93,
New York schools spent an average of 2.2 percent of their total education budgets on technology, which
includes hardware, software, network technical staff, instructional staff, and supplies and material. The total
amount spent across the state that year was about $360 million.8 Thus, fully implementing this cost model,

even across a 10-year period, would require a substantial increase in the percentage of the education
budget invested in technology.

5 About 37 percent of the total is for instructional hardware and software; 17 percent for building the network infrastructure; 21
percent for ongoing costs such as maintenance, upgrades, and line charges: 9 percent for training; and 16 percent for staft support
personnel.

6 Michaet Radiick, “Technology Expenditures in New York State Schools,” unpublished draft, New York State Education Depart-
ment, Dec. 7, 1994.

SOURCE: Office of Technology Assessment, 1995, based on Kentucky Department of Education, op. cit., footnotes 1 and 2, and

Radlick, op cit., footnotes 3 and 6.

video with the information transmission power of
the computer and the communication capabilities
of high-speed telephone.

Given these trends, connectivity is likely to
become the major technology issue of the next
several years. Although few up-to-date data are
available, it appears that a very small percentage
of teachers have access to the kinds of telecommu-
nications and networking technologies needed,
for example, to participate in a global science
project, or contact distant colleagues for advice on
attention-deficit disorder.

Policymakers might respond by developing
new kinds of guiding principles for access to and
use of telecommunications. This is already occur-
ring in discussions at the federal, state, and local
level about educator access to a “National In-
formation Infrastructure.” Other issues to be
addressed include the issues of copyright, confi-
dentiality, funding and subsidies, and limiting stu-
dent access to some forms of information (see
chapter 1).

Framing policies in these areas will not be an
casy task, since the field of educational telecom-
munications is still so young and fluid. New uses
for telecommunications are cmerging all the time,

and it is not yet clear what classroom applications
are possible or most effective.

I Additional Research Needed for

Policymaking
Help in framing policy could come from more ex-
tensive research. Available data are weak regard-
ing the very newest technologies available to
teachers—new forms of analog video and digital
multimedia technologies like videodisc and CD-
ROMs and new opportunities for telecommunica-
tions via computers. There are few data on how
much or in what ways teachers are taking advan-
tage of existing network access. In what ways are
student-learning routines affected by the avail-
ability of telecommunications access to the out-
side world? How is a teacher’s professional life
affected by these resources? Future studies of
educational technology should focus on the
uses of those new media-—not simply their
presence, but how they affect the learning of
students and the jobs of teachers.

Having access to technologies does not ensure
that they will be used well. As noted in this chap-
ter, more comprehensive use could be made of
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the current technology inventory in schools.
Evidence for restriction in current usage can be
found in the persistence of drill-and-practice,
games, keyboarding instruction, ‘“‘computer
classes,” and certain kinds of video viewing. It is
hard to draw clear conclusions about how existing
resources could be used more comprehensively,
however, because teacher use is an area where data
on educational technologies are weakest. Surveys
to date have collected only minimal data directly
from teachers about their own access to and use of
technology. Knowing that technology resources
are in a school is insufficient to understand wheth-
er and how teachers are using them. Observations
of and interviews with teachers could help to pro-
vide the kinds of contextual information that
would illuminate many of the questions surround-
ing the gap between access and use.

New research might examine several issues re-
garding teacher use. How and why do teachers use
technology in instruction across the various cur-
ricular areas? How do teachers integrate video-
taped presentations, for example, in different
subject matter? How are teachers using camcord-
ers, telephones, or telecommunications links?
Which resources are effective for which educa-
tional goals? To what extent do teachers use
technology for other parts of their job, such as car-
rying out administrative tasks, participating in
professional development, communicating with
the world outside school, or involving parents in
the schooling process?

Furthermore, the discrepancies between teach-
er and student reports about how many minutes
students use computers, and between teachers and
district-level educators about how many teachers
are “‘computer-using” teachers, suggest the necd
for deeper analysis of what constitutes technology
*use.” How long or how intensive must an interac-
tion with various technologies be to constitute a
meaningful learning experience for students?
How many learners can use various technologies
at the same time in a bencficial way? Is tracking
occurring in how students are permitted to use var-
ious tcchnologics? What constitutes tcacher
“usc™?

§ Effective Instructional Practices

Currently the most common uses of technologies
in schools reflect educational philosophies of
instruction that view students as recipients of in-
formation dispensed by the teacher (or by the
technology) and the acquisition of specific skills
and knowledge. However, many technology ex-
perts feel that the real potential of technology
lies in its capacity to support pedagogical ap-
proaches that encourage students to become
active participants in their own learning and to
acquire critical thinking skills and more com-
plex understandings.

The potential for more than an electronic black-
board is one of the most compelling reasons for
pursuing educational technology (see chapter 2).
Right now, however, a gulf exists between the
ambitions of technology experts and software de-
velopers and the practice of teachers in class-
rooms. Helping teachers use technology to
facilitate different educational philosophies and
teaching practices will require substantial change
in curriculum, instructional methods, and teacher
understanding.

In addition, further study is needed about the
quality and relative effectiveness of various
instructional uses of technologies and their ap-
plications. How effective are instructional com-
puter games in helping students acquire specific
skills and knowledge? What is the effectiveness of
various kinds of video viewing experiences? How
cffective is browsing of digital libraries as a re-
search tool? What elements make for a quality
multimedia program? What is the most effective
use of distance-learning technologies? For examn-
ple, distance learning can vary greatly in quality
and instructional philosophy, from teacher lec-
tures transmitted by satellite, to more interactive
learning sessions where students can conduct cx-
periments with the distant teacher looking on or
exchange observations and data in real time.

Finally, OTA finds that access to any tech-
nology in a school is just a starting point. The
next chapter will explore the barriers teachers face
as they try to use technology, as well as some im-
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plementation models and lessons from places ac-
tively attempting to overcome these barriers. As
the next chapter suggests, to use technologies ef-
fectively, teachers and administrators must have a
vision of how they can best be deployed; they need

the appropriate hardware, software, and training
to pursue these goals and applications, and contin-
uing support to overcome the obstacles presented
in adopting technology for instruction or teacher
support.




Helping
Teachers Learn
About and Use
Technology
Resources

SUMMARY OF KEY FINDINGS

s Most teachers have not had suitable training to prepare them
to use technology in their teaching. A majority of teachers re-
port feeling inadequately trained to use technology resources,
particularly computer-based technologies. Although many
teachers see the value of szudents learning about computers and
other technologies, some are not aware of the resources
technology can offer them as professionals in carrying out the
many aspects of their job.

» [namajority of schools, there is no cnsite support person offi-
cially assigned to coordinate or facilitate the use of technolo-
gies. Even in schools where a technology coordinator exists,
most of the time is spent supervising students, or selecting and
maintaining software and equipment. Very little time goes di-
rectly to training or helping teachers use technologies.

» To use technology effectively, teachers need more than just
training about how to work the machines and technical sup-
port. To achieve sustained use of technology, teachers need
hands-on learning, time to experiment, easy access to equip-
ment, and ready access to support personnel who can help them
understand how to use technology well in their teaching prac-
tice and curriculum.

» Schools and school districts are using a number of different ap-
proaches for training teachers and implementing technology.
These include developing “technology-rich” model schools:
training a cadre of teachers who train and help their colleagues:
providing expert resource pcople; giving every teacher a com-
puter; training administrators alongside teachers: and cstab-
lishing teacher resource centers. Data do not confirm that any
one strategy is more cffective than another; often they work in
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combination. Districts may be well advised to
use multiple training and support strategies tai-
lored to the educational goals of the local site.

= Lessons from experienced implementation
sites suggest that those who wish to invest in
technology should plan to invest substantially
in human resources. Currently most funds for
technology are spent on hardware and software.
Increasingly experienced technology-using
sites advocate larger allocations for training
and support.

= Support for technology use from the principal
and other administrators, from parents and the
community, and from colleagues can create a
climate that encourages innovation and sus-
tained use.

= Schools should avoid acquiring technology for
technology’s sake. Developing a technology
plan—thinking through the goals for technolo-
gy use at the local site and involving teachers
in the planning process—is an important step
in ensuring that the technology will be used by
those it is intended to support. Many districts
have found that it works best to start with small
focused efforts, which can engender lessons,
success, and experience before committing to
more large-scale programs.

= Although sites have made significant progress
in helping teachers learn to use generic technol-
ogy tools such as word processing, databases,
and desktop publishing, many still struggle
with how to integrate technology into the cur-
riculum. Curriculum integration is central if
technology is to become atruly effective educa-
tional resource, yet true integration is a diffi-
cult, time-consuming, and resource-intensive
endeavor. Research funding is needed to help
explore and develop technology tools best
suited for specific curriculum areas, especially
disciplines other than science and math.

INTRODUCTION

Asdiscussed in chapter 3, most schools and teach-
ers today have at least some access to multiple
kinds of video and computer-based technologies.!
Yet much of this technology is not being used to its
potential and most classroom environments are
still not significantly influenced by technologies.
In contrast to chapter 2, which provided exam-
ples of promising uses to which teachers are put-
ting new technologies, the first part of this chapter
examines why teachers do not use technologies
more and factors that affect how technology
comes to be used in schools. This section draws on
published surveys of technology use among
teachers, the research literature on technology use,
site visits made by Office of Technology Assess-
ment staff to schools and districts throughout the
country, a contracted series of interviews with and
observations of teachers,? and conversations with
hundreds of teachers and administrators at confer-
ences and meetings and over electronic mail.
The chapter then describes some approaches
schools have used to overcome barriers and imple-
ment educational technology more widely. Final-
ly, drawing on places where technology has been a
priority, the chapter suggests lessons learned
about fostering technology implementation. In
addition to the sources listed above, these sections
draw on the research literature on educational and
technological innovation, studies and evaluation
reports from technology implementation projects,
and a series of case studies contracted by OTA.3

FACTORS THAT INFLUENCE
TECHNOLOGY USE BY TEACHERS

Why don’tteachers make wider use of instruction-
al technologies? What is the experience of teach-
ers as they encounter new technologies in their
schools? This section first provides a general

! Most teachers do not yet have access to or expericnce with telecommunications networks and related technologies. Sce ch. 3.

2 Meclinda A. Griffith, *“Technology in Schools: Hearing from the Teachers.” Office of Technology Assessment contractor report, October
1993.

3 John R. Mergendoller et al., “Case Studies of Exemplary Approaches to Training Teachers To Use Technology,” Office of Technology
Assessment contractor report, September 1994,

'
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overview of some factors that influence the extent
to which teachers use technology. These include
availability, time, and differences among teachers
in their attitudes toward change and technology.
This section then focuses on three specific areas:
1) training and understanding, 2) onsite support,
and 3) systemic factors such as planning and the
assessment system.

Clearly, before teachers can use the technolo-
gies they must first have access to them. As chap-
ter 3 has suggested, the amount of computer and
video technologies used for instruction in schools
has grown considerably in recent years. Most
teachers nos. have some access to these technolo-
gies. Yet as chapter 3 has also illustrated, many of
these technologies are not necessarily easy for
teachers to access and use as part of their daily rou-
tines. In addition, a substantial portion of the
school computer inventory is made up of older,
less-powerful machines. Access to telecommu-
nications technologies is especially limited. Be-
yond these problems of access to machines,
however, lie a number of other important barriers
to more widespread use of educational technolo-
gies by teachers.

First, it is important to recognize that technolo-
gy tools require time to master. Hardware and
software, no matter how “user-friendly,” are com-
plicated and constantly changing. In any profes-
sion, time must be invested in learning how to use
a particular piece of software to accomplish work-
related goals; furthermore, keeping up with
upgrades or new software requires ongoing in-
vestments of time. But teachers, in particular, are
“prisoners of time,” as a national study recently
underscored.* American schools require teachers
to spend the vast majority of the school day en-
gaged in actual instruction, which leaves little of-
ficial time for pianning, preparation, or lcarning

To learn to use new technologies, teachers need time for
“hands-on" exploration and collaboration with colleagues.

new things. Even accomplished technology-us-
ing teachers, who are highly motivated, rated
the lack of time as among the most problematic
barriers to technology use in schools.®
Furthermore, teachers are an incredibly diverse
group. Some teachers express eagerness to experi-
ment with new ideas, even at the risk of failure,
while others say they have little interest, energy, or
time for experimentation.% The great majority of
teachers probably lie somewhere in between these
two poles. As one educator expla:ned, “Most
schools have a bell curve distribution of teachers
ranging from the aggressive, active, enthusiastic
innovators to those who are counting the hours un-
til retirement.”” Even the most encrgcetic and inno-

4 National Commission on Time and Learning, Prisoners of Time (Washington, DC: U.S. Government Printing Office. April 1994).

$ Karen Sheingold and Martha Hadley. “Accomplished Teachers: Integrating Comiputers into Classroom Practice.” Center for Technology
in Education. New York, NY. September 1990. See ch. 2 for further information on this study.

6 See, ¢.g.. Michael Fullan, The New Meaning of Educational Change (New York: Teachers College Press, 1991),

7 David Thomburg. quoted in Efectronic Learning, vol. 13, No. 6, March 1994, p.16.
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vative teachers experience many competing
demands to learn new things—new curriculum
standards, teaching methods, behavior manage-
ment techniques, assessment methods, techniques
for working with special needs children, and so on
(see chapter 2).

This is also true when it comes to technology.
Teachers, like others who use technology, fall
along a bell curve in which there is a small per-
centage of innovators and visionaries eager to try
new things, a larger number of those who follow
the lead of others, and a small group who are skep-
tical of change8 (see box 4-1). Teachers vary wide-
ly in their experience with and knowledge of
technology. Some teachers already have comput-
ers at home, for example, while others have never
been shown how to “boot one up.” Some teachers
may be unclear about what technology can offer
them because they have had very limited experi-
ence with technologies or little exposure to mod-
els that use technology to enrich the curriculum,
deliver instruction in different ways, or improve
personal productivity. Furthermore, there prob-
ably are some teachers who will actively resist or
avoid learning about technology for reasons that
may not be well articulated.® The words of one
high school geometry teacher illustrate that some
teachers don’t want to change:

I'm the old-fashioned type—after so many
years, you build up a file on your subjects. . .For
me t0 go into teacning computers. . .I would
have to start all over. I would have to actually sit
down and work everything out, and it would re-
quire a lot more work on my part to run a class

the way 1 want it run. . . 1 just don’t want to do
it. . .Don’t want to change. !0

The kinds of pedagcgical beliefs and practices
a teacher holds may also influence whether he or
she uses technology.!! For example, one inter-
view study found that “high-tech” teachers tended
to hold a student-centered approach to leaming
(e.g., inquiry methods, collaborative learning,
hands-on practices) and had used the technologies
to implement this philosophy.!2 The “low-tech”
teachers (those who, despite being given opportu-
nities to use technologies, were not doing so) were
more diverse in their teaching approaches. Some
held student-centered educational beliefs but were
reluctant to use technologies because of personal
fears or inhibitions or because of problems with
accessibility and scheduling of equipment. Others
were described as taking more traditional ap-
proaches to teaching (e.g., following the routines
of the textbook, using a lecture format); these
teachers reported not using technology because
they feared it would undermine their authority
with students or because they felt pressed by the
number of district- mandated curriculum require-
ments and therefore did not feel they had instruc-
tional time to give to additional activities.

No systematic data exist to tell us what consti-
tutes the normative “technology experience” of
teachers in schools today, nor whether technology
is more readily used by certain kinds of teachers.
However, talking to teachers—hearing their con-
cerns and stories—can help in finding what is re-
quired to encourage more widespread use of

8 See, ¢.g.. Geoffrey A. Moore, Crossing the Chasm: Marketing and Selling Technology Products to Mainstream Customers (New York.

NY: Harper Business, 1991).

9 See, ¢.g., Ronald G. Ragsdale, Permissible Computing in Education (New York: Pracger. 1988).

10 Janet Ward Schoficld, Computers and Classsoom Culture (New York: Cambridge University Press, in press). ch. 4.

11 See. e.g., Larry Cuban, Teachers and Machines: The Classroom Use of Technology Since 1920 (New York: Teachers Coliege Press,
1986); Larry Cuban, “‘Public School Teachers Using Machines in the Next Decade,” Office of Technology Assessment contractor report, Uct, 8,

1994.

12*Higl-tech” and "low-tech" teachers were identified in cach district by the district computer coordinators. Margaret Honey and Bibette
Moeller. Teachers® Beliefs and Technology Integration: Different Values, Digferent Understandings, Center for Technology in Education, Tech-
nical Report No. 6 (New York, NY: Bank Street College of Education, August 1990).
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BOX 41 Ac,.ce'p-tance'o,f New Technologies: A: Marketihg.T:.!hedry :

This figure illustrates one market-based model of how any new technology product attracts new cus-
tomers throughout its life cycle. The very small group of innovators pursue new technology products
aggressively; they are "techniologists” and make technology purchases simply for the pieasure of exploring
the new technology product. Early adopters are not technologists, but find it easy to imagine and under-
stand the benefits of a new technology. According to this theory, there is a large "chasm” or gap between
the early adopters and the next and much larger group—the early majority. Winning the interest of the early
majority is key to market success since they represent about one-third of the consumers; this groups
shares some of the early adopter's ability to relate to technology, but they are also driven by a strong sense
of practicality. These individuals want to see "well-established references” before investing substantially.
This chasm exists, in part, because these individuals do-not want to have to "debug” someone else's prod-
uct—they want their technology to work properly and to be easily integrated.

The late majority differs
from the early majority mostly
in that they feel less comfort-
able about their own ability to
handie a technology product.
As a result, this large group
(again about one-third of the
total) wants to wait until some-
thing has become an estab-
lished standard. Finally, there

The Technology Adoption Life Gycle

/"’o 6)9 are the laggards who dont
01,% "J’«% want anything to do with the
) EN new technology. Generally, in

marketing plans, laggards are

viewed as not worth pursuing.

This model suggests that

within any group of individuals, such as teachers, there will be tremendous variability in their willingness to
explore and accept new technologies. Clearly there is a small group of teachers who have been active
innovators and have eagerly embraced new technologies in schools. Similarly many schools have teachers
who could be called "early adopters.” But today, the challenge may still fie in “crossing the chasm” and

getting the next, and much larger, group of teachers sold on the usefulness and practicality of technology
use for them.

SOURCE. Geoffrey A Moore, Crossing the Chasm: Marketing and Seilling Technology Products toMarnstream Customers (New York,
NY. Harper Business. 1991)

technology. In the section that follows, a number
of common barriers that have been identified in
the technology implementation literature will be
discussed and highlighted from the tcacher’s per-
spective. In a real school setting, some, all, or
none of these barricrs—or other barriers—may be
present. The discussion that follows is nnt meant

to reify these barriers or make teachers or policy-
makers feel that the situation is hopeless. Rather,
it is intended to help alert policymakers and other
readers to factors they should consider if they de-
sire to integratc technology into teaching and
learning.
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I Training in Technology Use and
- Understanding Potential Applications

Teachers’ Perceptions

When asked what would help them use technolo-
gy better, many teachers mention the need for
more knowledge about how to use various
technologies. For some, this means operational
skills, i.e., how to make the technology work. In
one survey, a majority of teachers said that they
felt they needed training in order to adequately use
a personal computer (56 percent), standard com-
puter software (61 percen , multimedia software
(62 percent), instructional videodiscs (67 per-
cent), and online databases (72 percent). Far fewer
felt the need for training in using video resources;
only 7 percent of teachers said they needed train-
ing to adequately use a videocassette recorder
(VCR), 9 percent for a television monitor, and 14
percent for instructional videotapes.!3

Some teachers worry that their lack of knowl-
edge might result in embarrassment or “feeling
like a fool” in front of their students. For some
teachers, this situation may be intolerable. As one
teacher said:

You can’t have trouble or be messing with the
machine in front of a class. It may be due to my
lack of confidence, but I have to be comfortable
with it if I'm going to use. . . My computer pho-
bia, I'm actually over that. I’'m not afraid of us-
ing the machine anymore, like I was, but I am
afraid of how they [the students] might react.!4

For other teachers, the greater need is un-
derstanding what the technologies can do.

Many teachers have not had the opportunity to
observe and learn about the wide range of educa-
tional uses to which technology can be put—par-
ticularly various ways it can be incorporated into
different curricular areas. For example, evidence
collected by OTA suggests that some non-.
technology-using teachers, while they endorse the
importance of student access to computers and
other technologies, don’t see why technology
should be used in their classrooms or what re-
sources technology can offer them as they try to
meet their instructional goals. One high school
teacher, who did not use the computer he had been
given for his class of gifted and talented students,
explained, “Itdidn’t do anything I couldn’tdo eas-
ier and cheaper on the blackboard.”!3 In that same
high school, a home economics teacher stated, “If
I could see a really good use for a computer I
would use one. . .but I have yet to think of any-
thing I could do on a computer that I can’t do by
myself just as well.”16

Teachers who want to use technology also
may find that educating themselves enough to
be able to use a particular piece of hardware or
software can require considerable amounts of
extra time and effort.!” One teacher, who de-
scribed himself as a technology “want-to-be,”
said, “It is just prohibitive time-wise to go through
and read through everything, to figure out how to
do everything, every time I want to do something
new.”!8 Furthermore, finding and integrating
software into the existing curriculum can be diffi-
cult without a fairly comprehensive knowledge of
available software.

13 National Education Association. Srarus of the American Public School Teacher. 1990-91 (Washington, DC: 1992).

14Keith F. Allum, “Technological Innovation in a High School Mathematics Department: A Structural and Cultural Analysis,” unpublished

Ph.D. dissertation, Princeton University, June 1991, p. 185.
15 Schoficld. op. cit., footnote 10. ch. 4.
" Ibid.

17 Susan A. Zammit, “Factors Facilitating or Hindering the Usc of Computers in Schools,” Educational Research, vol. 34, No. 1, spring
1992, pp. 57-66. Barbara Means etal.. Using Technology To Support Educanon Reform (Washington, DC: ULS. Department of Education, Sep-

tember 1993),
18 Griffith, op. cit., footnote 2, p. 57,
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Teachers may also need more knowledge
about how to organize and effectively manage
their students in technology-based environ-
ments. Some teachers have just one or two com-
puters in a classroom, and are not sure how to use
them well when only few students at a time can
work on the computer. One teacher described the
problem of managing a classroom of students with
limited technology this way:

It is hard enough to figure out how you are go-
ing to allow 25 students access to the ccmputer
and equal time. . .That’s a huge task, and if you
don’t really know the benefits and the advan-
tages and the disadvantages and all the things
that whatever system you have and whatever
software you have can offer, the management is
just such a nightmare that you turn off the whole
thing. !9
Even when teachers have more equipment,

orchestrating its use often requires knowledge
about how to really teach with it or how to or-
ganize learning activities to make optimal use
of the technology. For example, one French
teacher had to learn how to structure her classes
differently once she got technology; eventually
she learned how to rotate her students through
workstations that included a station with comput-
ers for drill and practice and a station with tape re-
corders for oral language practice:

It was a 9th-grade class, and most of the
kids. . .have already worked in a class where a
number of things are going on at a time, sO it
didn't bother them at all. It drove me crazy, but 1
could see it was benefiting them. 1 felt torn. I
wanted to be with this [student]. I wanted to be
with that group. It was just a question of con-
vincing my soul that when there is noise and ev-
erybody is doing something different, learning
is taking place. It's difficult for me.20

19 Ibid.. p. 54.
20 Schofield, op. cit.. foctnote 10. ch. 4.

Teachers who want to integrate technology into their
classrooms need to bear in mind the time and effort required
to preview and select appropriate software materials.

Availability of Training
How much actual training or coursework about
technology and its educational uses have teachers
had? Available data suggest that most teachers
have had very little. In one survey, less than half of
the American schools reported that an introducto-
ry computer course is available (either in the dis-
trict or at alocal college) for their teachers.2! This
pattern was particularly pronounced amongteach-
ers in middle schools, where only 27 percent of
schools reported the availability of such a course
compared with 51 percent of high schools and 43
percent of elementary schools.?2

As regards video, a different set of data found
that fewer than one-fourth of teachers reported
having had training in the instructional uses of
video or television. Fewer than one teacher in 20
reported having received formal training over the
past three years in such topics as cvaluating video

21 Ronald F. Anderson «d.), Computers in American Schools 1992: An Overview, IEA Computers in Education Study. (Minncapolis: MN.

1993), pp. §2-53.
22 [big.
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FIGURE 4-1: District Compdter.Budgéts':_,

Estimated Allocations, 1992-93

Training
15%

Hardware
Software 55%
30%

NOTE District Computer/Technology coordinators were asked 1o est-
mate the amount of therr total computer budgets spent in the above
three categonies. N = 3,927

SOURCE' Market Data Retneval, Education and Technology. 1993 A
Survey of the K-12 Market (Shelton. CT 1993}, p 11

programming or curriculum coordination using
instructional television (ITV) materials.23 As
noted above, however, this is an area where teach-
crs feel more comfortable, and less in need of
training.

Data on expenditures for educational
technology indicate that far more resources
have been allocated to hardware and software
than to training or technical support. For ex-
ample, in 1992-93, a national survey asked district
technology coordinators to estimate how much of
their total district computer budgets fell into each
of these three categories. This survey found that
approximately 55 percent of all technology spend-
ing goes to hardware, while software spending ac-

counts for another 30 percent (see figure 4-1).
Training accounted for only 15 percent. Noting
that a higher portion of technology budgets is now
devoted to software, the authors suggest:

At one point in time, districts expected that
teachers would create software and budgeted no
dollars toward software purchasing. That has
changed dramatically over the past 10 years. If
any problem remains, it is found in the percent-
age of overall budgets devoted to computer
training.24
These national patterns are reflected in an eval-
uation study of a major Educational Technology
Initiative in Utah that provided schools across the
state with money for technology. In the third year
of the initiative (1992-93), the average Utah ele-
mentary school received $15,365 and spent 68
percent on hardware, 20 percent on software, 6
percent on repairs, and 6 percent on training. With
its budget of $31,369, the average Utah secondary
school allocated 75 percent to hardware, 15 per-
cent to software, 6 percent to repairs, and 4 percent
to training.23 Data from the evaluation indicated
that inservice training, though limited, had an im-
portant effect—teachers who received inservice
training were more likely to use computer
technology than teachers who did not receive
training. Furthermore, teachers receiving training
were more likely to use computers to stimulate
higher-order thinking and creativity. Overall,
however, the evaluators of the Utah project con-
cluded that the current allocation of funding to in-
service training was not sufficient to realize the
potential of the state’s considerable investment in
hardware.26

As states such as Utah gain more cxperience
with technology implementation, more are be-

2} Andrew L. Russett and Thomas R. Curtin, Study of School Uses of Television and Video: 1990-91 School Year (Arlington, VA: Corpora-

tion for Public Broadcasting, February 1993),

4 Market Data Retrieval, Education and Technology., 1993: A Survey of the K-12 Market (Shelton, CT: MDR, 1993), p. 11,

25 John R. Mergendoller et al.. The Utah Educational Technology Initiative: Evaluation Update (Novato, CA: Beryl Buck Institute for

Education, January 1994), p. 11.

26 John R. Mergendoller etal., Instructional Utilization, Teacher Training and Implementation of Utah's Educ ational Technology Initiative
i School Districts and Colleges (Novato, CA: Beryl Buck Institute for Education, June 1992),
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coming convinced of the importance of investing
substantially in technology training, especially in
the early years of the technology adoption proc-
ess. For example, Florida has revised its policy to-
ward technology training. For the 1993-94 school
year, the Florida legislature allocated $55 million
for educational technology and $8.65 million for
educational software. The appropriation required
that schools applying for these technology funds
set aside at least 30 percent of the money for train-
ing.2” The Texas Education Agency recently rec-
ommended that districts allocate a substantial
portion of their technology funds for staff devel-
opment, suggesting that districts just getting
started allocate 30 percent of their technology
funds to hardware, 30 percent to software, 30 per-
cent to staff development, and 10 percent to main-
tenance.?8 While Washington State does not
require inservice training in technology, the state
spends about 40 percent of its $4.5 million
technology budget on teacher training activities
(see box 4-2).29

One of the barriers to increasing technology
training for teachers is the many competing
priorities for limited staff development time.30
This makes scheduling technology training diffi-
cult. Districts have multiple instructional goals,
approaches, and philosophies they want teachers
to learn about and use. In one district, for example,
where the integration of “whole language™3!
teaching into the curriculum is the current educa-
tional priority, training not directly related to this
goal is discouraged because it takes time that the
central administration wants teachers to use for
implementation of the whole language tech-
niques.*?

Nature of Training

The kind of technology training provided is as im-
portant to teachers as the availability of training.
Some teachers observe that the content of training
they receive is inadequate; there seems to be a fo-
cus on basic training in the mechanics of operating
the machines, with little training about integrating
technology into various subjects or learning to use
it as a pedagogical tool. One observational study
of computer use in a high school found that:

One of the characteristics of the training
teachers were most likely to complain about was
its restricted technical focus. Specifically,
teachers tended to be critical of the fact that the
training often focused primarily on issues such
as how to operate the computer without giving
them much advice or assistance with two funda-
mental issues. . .what software was available to
assist in accomplishing their educational objec-
tives and how to organize the class to make effi-
cient and effective use of students’ time when
there were a small number of computers in the
classroom.33

Poorly timed or piecemeal training can also be
a problem. Sometimes training is provided before
the hardware or software arrives or before teachers
know what cquipment they will be using. One
teacher described her school’s policy in this way:

Technology acquisition seems to have been
done very piecemeal. We acquired certain
pieces of equipment. We acquired certain kinds
of softiware, whether someone donated it or we
purchased it or the librarian wanted it or the
computer specialist wanted it. . .It's difficult
enough to sort of initiate getting training on a
certain kind of equipment and then. . .the next

27 = A Technology-Ready State.” Electronic Learmng. vol. 13, No. 2, October 1993, p. 58.

2 Mergendoller ct al.. op. cit., footnote 3, p. 6.

29%. Anderson. “State Technology Activities Related to Teachers,” Office of Technology Assessment contractor report. Nov. 14, 1994,

30 See, ¢.g.. Jonathan W. Gallishaw., “The Integration of Technolagy into Education: A Study of Schools in Southeastemn Massachusetts.”
thesis submitted to the graduate school of Bridgewater State College. May 1994,

M Wiole language 1s an approach to teaching reading in which students leam words in context rather than by phonetics.

Y2 Griffith, op. cit., footnote 2. pp. 25-26.
3 Sehoficld, op. cit., footnote 10, ch. 4
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: BOX 4-2: Te'amher-lhservice Teéhnblogy 'Tréin‘ing: Sigté Requirem'er;té and Resources

A recent OTA-sponsored telephone survey and review of state literature found that states rarely man-
date inservice training in technology for teachers. Only Alabama and the District of Columbia require any
inservice training in computers or technology for all teachers. In Alabama, five days of general teacher
training are required per year; some of these inservice days must include some training about technology,
but local districts can decide how much. Alabama also requires additional training for personnel who will
serve as computer assistants and computer education teachers. Alabama has several state Department of
Education staff assigned to assist schools with their technology training and followup, including technical
assistance at school sites. The District of Columbia’s recertification process requires that each teacher
complete five credit hours of technology instruction (60 hours) every five years. The District's central train-
ing center has a small staff of persons who not only assist in the technology training but work with the
schools on technology problems throughout the year.

Until this year, Texas required a minimum of 20 hours of inservice training per year for all teachers, in a
range of areas. A recent change in legislation now allows local districts to set their own standards. Texas
funds the majority of the teacher technoiogy training in the state through 20 regional service centers. Mis-
sissippi is developing a new state educational techriology plan that is projected to include a specific re-
quirement for inservice technology training.

While most states do not mandate technology training for teachers, some support training in other ways
by "strongly” recommending training, providing offsite resources, or encouraging local districts to provide
funding for training. For example, Vermont strongly recommends that districts provide training for teachers
in "all forms of educational technology." Florida established technology centers at universities and other
sites to provide resources, training, and curriculum development services.

vontana has established 15 regional training centers, interconnected by a state telecommunications
network, the Montana Educational Technology Network (METNET). METNET facilitates the sharing of teach-
ing resources among the centers through bulletin board systems that feature curnculum guides, lesson
plans, and cooperative learning projects.

SOURCE. Ronaid E. Anderson, “State Technology Activities Related to Teachers,” Otfice of Technology Assessment contractor re-
port, Nov 14, 1994

year might come and you are faced with new I went to an all-day training session. ..l
equipment, something you are not really famil- didn’t even know the basics of computers. . .At
iar with. 34 one point they were talking about a menu. I
It is also a challenge to structure training for started wiping my glasses. . .I kept cleaning my

glasses looking for the word menu. Then I got
upset, started running to the bathroom like a
child because I don’t know what is going on

teachers with widely varying experience with and
knowledge about technology. Finding oneself in a
training session that is too complicated or ad- here. Finally I raised my hand timidly. [I said] *1
vanced can be especially frustrating and discour- don't sce anything that looks like food. .." It

aging for the novice technology user, as a school was overwhelming for me. . .I was not computer
librarian described: literate, 3

34 Griffith, op. cit.. footnote 2, pp. $2-53.
35 Schofield, op. cit., footnote 10, ch, 4.
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I Onsite Support and Assistance

Teachers’ Perceptions

Typically, formal training sessions in the uses and
mechanics of educational technologies provide
only the basic knowledge that gives teachers an
impetus to further experiment. Beyond this,
teachers consistently report that having a person at
the school site who can help them mak=s ali the
difference in the likelihood of their going further
with technology—someone who is knowledge-
able about technology and can help them with
questions or problems. For example, when asked
what one factor would help her decide whether
and how to use a computer, one teacher replied:

If I could have a few hours one-to-one with a
really competent teacher that has used it—just
let me ask questions [about] what I'm afraid of
about a computer, what I don’t understand.36

The inevitable technical and logistical prob-
lems that arise with technology are one reason
many teachers feel the need for onsite assist-
ance. These include such problems as machines
that won’t work as promised, restricted access to
locked closets filled with equipment, media carts
that must be scheduled and shared among many
classrooms, equipment that remains broken for
weeks or even months because no one knows how
to fix it and repair requests take weeks or months
to process. For example, one teacher who had to
coordinate computer use with others in her grade,
said that she would rather not have the computer
than to “scuffle around the school” looking for it.
It had become a “‘pain,” rather than an asset to the
classroom.37

Problems with scheduling shared resources
such as computers in a lab can also create frustra-
tion.38 For example, one elementary school teach-
er reported that all teachers at her school are
scheduled to use the computer [abtwice a week for

36 Ihid.. p. 28.
3 Griffith. op. cit.. footnote 2.
W Zammit, op. ¢it., footnote 17.

¥ Gnffith, op. cit.. footnote 2. p. 42.

Technical support is important in schools, but teacners also
need informal, onsite assistance with tasks such as setting up
equipment in class or trouble-shooting probiems with
hardware or software.

half an hour at a time. Some teachers purposefully
miss the time slots: “You're not supposed to, but
people do, because it is a pain.” According to this
teacher, the scheduled time slots are too short to
accomplish anything, the lab itself is poorly orga-
nized, and “some of that stuff up there is so old. . .
and there are always a couple of computers bro-
ken."39

Even experienced technology-using teachers
can find themselves preoccupied with trouble-
shooting hardware and software problems, rather
than assisting students in their learning activities.
The following notes made by a researcher observ-
ing a high school lab illustrate the trials that can
arise; in this case. three teachers, all fairly knowl-
edgeable, were trying to help a half-dozen or so
students who liked to use the computer lab during
their lunch time:

The students. . .continue to have a lot of very
nitty-gritty problems. Kathy can’t get the printer
going. . .She’s scowling and says in an annoyed
tone of voice. “Please help me.” Mr. East sug-

A3YIINOW= 123r0dd S'IOOH‘:)S ADQTIONHI31 300N YINHOIAIVD
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gests several things, and after they try out four or
five different approaches they finally get the pa-
per to print out. Ms. Prentiss has been working
with Sharon on word processing. . .For the last
10 minutes cries like, I don’t believe it” and
“Oh, no. Not again!” have been emanating from
both of them. . .She can’t get [a second] printer
to work. . .At this point Mark calls to Ms. Pren-
tiss, ‘I need help. . .” Ms. Prentiss puts her head
down on the desk briefly. She looks at me with
what appears to be a mixture of mock and real
despair and trudges over to Mark. [Later in the
same period] Dan is trying to use a printer which
Mr. East thought he had fixed. Dan's essay
comes out quadruple spaced. In addition, every
single word is underlined. Ms. Prentiss looks at
it and breaks into almost hysterical laughter.
Dan looks annoyed. Ms. Prentiss says, "I'm
sorry, this is just too much—too, too much!. . ."”
Mr. Adams and Mr. East are still working on the
second malfunctioning printer. Mr. Adams says,
“You know I have a trick. What I do with my
[home] computer is just turn it on its side and hit
it. Maybe that will work here. . .” They turn iton
its side and give it a whack as one of them holds
the tension on the paper feed. The machine be-
gins to work.%0

As the above examples suggest, a great deal of
what teachers need to know about technology can-
not wait for a scheduled training session. As do
most individuals dealing with new technologies,
teachers also need informal assistance—often
with a kind of immediacy that does not lend itself
to afterschool telephone calls. This kind of assist-
ance might include help setting up equipment or
trouble-shooting hardware and software problems
in the classroom—the more “nuts and bolts™ kind
of technical support.

However, as discussed in the next section,
teachers also need pedagogical support such as

4 Schofield, op. cit.. footnote 10, ¢h. 4.

advice on choosing relevant software and inte-
grating it into a specific lesson, suggestions for
ways the technology can be used to meet partic-
ular curricular goals, or ideas about how to or-
ganize the whole class to use four computer
workstations or a single computer with a mo-
dem. Some schools attempt to overcome these
barriers by having a person onsite who has respon-
sibility for technology coordination within the
building. :

Availability of Onsite Computer Support¥!
OTA finds that onsite technology support person-
nel for assisting teachers are limited in most
schools. The percentage of schools that assign a
full-time nonteaching position to coordinate
teachers’ and students’ computer use did not
charnge at all between 1989 and 1992 and remains
very small. In 1992, as in 1989, only 6 percent of
elementary schools and 3 percent of secondary
schools employed a full-time school-level com-
puter coordinator who did not also have teaching
responsibilities. In nearly three-fifths of all
schools, there was no one in the school who had
any portion of their workweek officially allocated
to coordinating or supervising the computer pro-
gram. In about one-fifth of these schools. one per-
son, usually a regular teacher or the school media
specialist, has at least half of the job officially de-
fined in terms of computer coordination responsi-
bilities.

In those schools where there is a “major” com-
puter coordinator, how do they report spending
their time?42 As a group. the “major” computer
coordinators report spending an average of 38
hours per week on tasks associated with computer
coordination. But working with teachers to use

41 Data in this section are from the 1992 Intemmional Association for the Evaluation of Educational Achievements (IEA)Y Computers in
Education Study as described in Henry J. Becker, " Analysis and Trends of School Use of New Information Technologies,” Office of Technolo-
gy Assessiment contractor repert, March 1994, For further description of the IEA study and ats findings, see c¢h. 3 and app. B.

42 For this analysis, “ntajor computer coordinators™ includes two groups —official computer coordinators,” those whose official job de-
scriptions included at least half-time computer coordination duties, and those who reported spending atleast 20 hours per week on the tasks of a

coordmator, even though their “official™ job description required less.
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computers is a very small part of their job, taking
up an average of only 3.6 hours per week, or less
than 10 percent of their total computer coordina-
tion time,*3 Most of their coordination time is
spent teaching or supervising students who are us-
ing computers in computer education classes or in
other subjects. Hardware and software mainte-
nance occupies a larger percentage of time for this
group, on average, than working with teachers.
Thus, OTA finds that even schools with an on-
site coordinator do not provide teachers with
very much school-based assistance with com-
puters.

Onsite Support for Instructional
Television and Video*

Although two-thirds of schools have a person des-
ignated as a coordinator of instructional television
or video, it is very rare for this to be a full-time
position. In all but 3 percent of schools surveyed
in 1990-91, that person had other duties; most
often he or she was the school librarian, or else
was a teacher, computer coordinator, or adminis-
trator.

Whatever their other responsibilities, ITV
coordinators performed a variety of support func-
tio. ». As reported by the school principals, these
included recording programs for teachers’ later
use (in 81 percent of all schools), distributing
teacher guides to programs (82 percent), assisting
with equipment (90 percent), training teachers to
use video in their teaching (56 percent), coordinat-
ing previews and screenings (53 percent), and
helping to produce instructional TV and video
materials (35 percent). Mirroring the fact that vid-
eo is used more in secondary schools than elemen-

tary schools, ITV coordinators at the secondary
level seemed to have more varied responsibilitics
than those in elementary schools.

§ Systemic Factors Influencing
Technology Use

In the last several decades, researchers have begun
to understand some of the processes involved in
bringing about change in schools. Effective im-
plementation of new practices or innovations in
schools is influenced by many factors: these deter-
mine the extent to which new educational prac-
tices are adopted and maintained over time.
Schools are organizations with many different
players and constituencies. Some school cultures
promote and encourage innovation, other= .'o not.
Teachers are only one part of this complex system
that includes district administrators, principals.
parents, students, local communities, and govern-
mental agencies.®

Some educators think that training and onsite
assistance are the primary ingredients necessary to
facilitate widespread technology use among
teachers. While these ingredients are impor-
tant, OTA finds they are not sufficient to assure
that technology will be explored and used by
the majority of teachers in a school or district.
Other factors that affect whether teachers use
technology resources include policies that encour-
age teacher experimentation and collaboration.
the presence of incentives for teacher usc of tech-
nology, administrative leadership about technolo-
gy, and public understanding and endorsement of
the importance of technology as a learning and
teaching tool. Two of the most critical among
these are:

43 The “official” computer coordinators (that is. those with job definitions where computer coordination responsibilities constitute at least
onc-half of their job) spend somewhat more time in teache - training, but even they average only five hours per week in that activuy.

4 Data in this section arc drawn from Andrew L. Russe. and Thomas R, Curtin. "' Study of Schoot Uses of Television and Video: 1990 91
School Year," Corporation for Public Broadcasting, February 1993, as described in Henry J. Becker, Office of Technology Assessment contrie:
tor report, March 1994. For further dese iption of the CPB survey and its findings. sce ch. 3 and app. B.

45 See, e.g.. Michael G. Fullan. op. eit.. footnote 6; William A. Firestone and H. Dickson Corbett, “Planned Organizational Change.”™
Norman J. Boyan (ed.), Handbook of Research on Educational Administranon (New York: Longman. 1988), David K, Cohen, “Educational
Technology and School Organization,” in Reymond S. Nickerson and Phibip P. Zodhiates, Technology i Educanion: Look Toward 2020 (1 1itls

dale, NJ: Lawrence Eribaum, 1988).
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» having a vision and plan for using technology
to meet instructional and professional goals,
and

» evaluation and assessment policies that encour-
age technology use.

Clarity of Goals: Articulating an
Educational Rationale for Technology Use

As explained in chapter 2, teachers who are expe-
rienced technology users can cite many reasons
for using technology in their classrooms. Less ex-
perienced users, however, sometimes give rather
vague rationales for adopting technology—-for ex-
ample, “because students need to be exposed to
technology; it’s the future”—reasons that do not
offer a vision of how technology might be used or
aclear directive as to what a teacher might need to
do differently.

It is not only teachers that may lack a clear un-
derstanding of what technology can offer them,
however. Responding to external pressures to
“modernize,” some schools and districts have ac-
quired technology without a clear goal or educa-
tional rationale for its use.*® For example, a
computer lab might symbolize to parents and the
public that a school is well-equipped to prepare
children for the world of the future, even if the
computers are never turned on. As one teacher
said:

[Having a computer lab is] something you
can brag about to parents...We're in direct
competition with private schools and Mr. Miller,
the vice-principals, and the counselors romance
the parents at the beginning of 9th grade. “You
sure want to send your students here. . .Let me
show you what’s going on. ..” They [visit] the
room downstairs showing them the marvelous

46 Means ct al., op. cit., footnote 17.

new machines. . .which many private schools
simply cannot afford.4’

Furthermore, many school systems have not
begun to explore the ways that technology can
help them function better or differently as institu-
tions and workplaces. Few teachers have been
encouraged to view new technologies as profes-
sional tools that can help them do their jobs
better, more efficiently, or in new ways. For
many teachers, the technology that has most revo-
lutionized their working life has been the copying
machine; not only has the drudgery of the ditto
machine and preparing masters been eliminated,
but copying substantially broadens the range of
materials a teacher can easily make available to
students. Yet, some teachers report that access to
and use of copying machines is restricted or
cumbersome in their school buildings—for exam-
ple, there may be long lines at machines during
precious times when teachers are not in charge of
their students or budgetary restrictions on the
amount of paper teachers are allowed to use.
When so many schools do not encourage teachers
to use even the most basic labor-saving tools, it is
not surprising to find that teachers are not sup-
ported in using more advanced technologies.

Compatible Assessment and

Evaluation Systems

Ultimately, teachers will evaluate themselves and
be evaluated by others based on the performance
of their students. Teachers may be reluctant to ex-
periment with new ways of teaching or new tech-
nological tools unless they are reasonably sure
results will be reflected in improved student test
scores.*8 Seldom can such an assurance be made,
because traditional standardized tests may not

47 Janct W. Schoficld and David Verban, "Barriers and Incentives to Computer Usage in Teaching,” Technical Report No. 1, Leaming Re-

search and Development Center, September 1988, pp. 30-31.

LS. Congress, Office of Technology Assessment, Testing in American Schools: Asking the Right Questions, OTA-SET-519 (Washing-

ton, DC: U.S. Government Printing Office, February 1992).
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be particularly good measures of the kinds of
learning fostered by innovative uses of some
technologies.*? This problem was illustrated by
the experience of a California school that pur-
chased computers for all its students and teachers,
as well as videodisc players and television pro-
duction equipment. These technologies were used
for challenging projects, such as producing a tele-
vision news show, that required students to work
together and engage in planning and solving
problems.

When test scores on the lowa Test of Basic
Skills for the first year of this project failed to
show any increases, disillusionment set in. The
computers were removed from students’ desks or
even sold and a new school board, stressing a
“back-to-basics™ approach, was selected. All this
happened in spite of the fact that the new approach
had hardly been in place long enough to reason-
ably be expected to show a strong impact and that
the Iowa tests are not an appropriate measure of
the ability to work cooperatively or to plan com-
plex projects.>0

The evaluation and assessment system by
which teachers are judged can be either an incen-
tive or disincentive for technology use by teach-
ers. When decisions regarding promotions or
tenure take technology use and expertise into ac-
count, teachers are encouraged to experiment and
work in this area. Furthermore, if teachers are ex-
pected to use technology as a tool in their own de-
velopment, this sends strong signals to the
profession. For example, teachers seeking nation-
al *Master Teacher” certification from the Nation-
al Board of Professional Teaching Standards must
fulfill a number of requirements to apply for the
certification, including using technology to vid-
eotape their own classroom instruction and going
to an assessment center to evaluate other teachers’
videotapes of instructional practices.>!

High school teachers develop their own projects as part of a
TERC LabNet workshop, where they learn how to implement
project-based investigations in their classrooms.

However, evaluating teachers on how often or
how well they use technology in their teaching can
have drawbacks, especially if, for example, the
principal is not well versed in the various ways
teachers can use technology effectively. More-
over, teachers may feel itis unfair to evaluate them
if they have not received training and support in
technology use. For example, one teacher who
shared a computer among three classrooms ad-
mitted to her principal during her end-of-the-year
cvaluation that she did not use the computer
much. She cited the logistical struggles associated

4 Means. op. cit., footnote 17; Joan L. Herman “Evaluating the Effects of Technology in School Reform,™ in B. Means (ed.), Technology

and Education Reform: The Reality Behind the Promise (San Francisco: Jossey-Bass, 1994).

30 Means, op. ¢it.. footnote 17, p. 88.

1 Lynda Richardson, “First 81 Teachers Qualify for National Certification.” The New York Times, Jan. 6, 1995, pp. A-1.16.
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with sharing the computer and the problems stem-
ming from a lack of any computer experience or
training. This teacher was marked down on her
evaluation form for not using the computer. and
her overall rating was lowered from “outstanding”™
to “good.” The teacher felt quite angry about this,
stating, “If she wants me to use it, then she needs
to train me and she needs to have acomputer avail-
able in my room.”52

APPROACHES TO ENHANCE
TECHNOLOGY IMPLEMENTATION

I Overview

There are many schools that have thriving
technology efforts, and many teachers who are us-
ing technology adeptly. The experiences of these
places and people offer examples of strategies, pit-
falls, and lessons for others that are beginning the
process of integrating technology into teaching
and lcarning.

Through case studies, a workshop, site visits,
and literature reviews, OTA has examined the ex-
perience of schools, districts, and states where the
adoption of technology has been made a_ prior-
ity.5? Many of these places were “early adopters”
and have several years of experience with the
process of technology diffusion. How have they
gone about infusing technology into classrooms?
What resources, such as training, onsite support,

82 Griffith. op. cit.. footnote 2, p. 60.

planning, and more, have these places provided
teachers to help them learn about technology and
understand how it might help them meet their
educational goals? What incentives have these
sites offered teachers to enlist their interest, enthu-
siasm, and commitment? What other conditions
are necessary to assure that technology is used
effectively?

Schools and districts have undertaken different
strategies to get technologies used more widely in
their educational programs. These approaches
share certain characteristics and they are not
mutually exclusive; most schools combine more
than one approach. The choice of approach will
vary depending on the educational goals a site
hopes to achieve with its technology and existing
technological and human resources at the site.
There are not a great deal of independent data on
the effectiveness of these different strategies or
which ones work best for different goals or in vari-
ous kinds of schools. In describing these strate-
gies, OTA offers examples of approaches that
districts and schools say have worked for them.

Behind each technology implementation strat-
egy lies a set of decisions about how best to allo-
cate scarce technology resources. Each place has
made decisions about how to invest in and distrib-
ute hardware and software—not only which
technology to buy, but whether to concentrate re-

% In addition to the works directly cited, the next two sections also draw on the following: Arkansas Department of Education, IMPAC
Phase 1 Researchund Phase 1 Programs: Instructional Microcomputer Praject for Arkansas Classrooms (Little Rock, AK: [992); California
Department of Education, Budlding the Future. K-12 Network Technology Planning Guide (Sacramento. CA: 1994): Central Kitsap School
District, Strategy 2020: Creating a Cidnre for Change (Silverdale, WA: 199'1 ): Chapel Hill-Carrboro City Schools, Moving Ahead witha Vision
of Instricctional Technology Use (Chapel Hill, NC: spring 1991): J.D. Ellis. “Teacher Development in Advanced Educational Technology,”
Journal of Science Fducation and Technology. vol. 1, No. 1, 1992, pp. 49-65: M. Fullan, M.B. Miles. and S.E. Anderson. Strategies for Imple-
menting Microcompuders in Schools: The Ontario Case (Toronto: Ministry of Education of Ontario. 1988); D.S. Hurst, “Teaching Technology
o Teachess,” Educational Leaderstup. vol. 51, No. 7, April 1994; S. Milton ct al.. Microcomputers and Other Educational Technology in the
Hlorida Public Schools: Impact. Access. Implementation and Policy Issies (Tallahassee, FL: Center for Policy Studies in Education, June
10891 S.E. Pershy. “What Contributes ta Teacher Development in Technology?™ Educational Technology, vol. 30, No, 4, 1990, pp. 34-38. D.
Paul. " An Integration Inservice Model That Works,” THLE Jowrnal, vol. 21, No. 9, April 1994, pp. 60-62: J.D. Russcll, D. Sorge. and D. Brick-
ner, “limproving Technology Implementation in Grrades 5-12 with the ASSURE Model,” THLE. Journal, vol, 21, No. 9, April 1994, pp. 66-70;
1L Sandholtz, C. Ringstaft, and D.C. Dwyer. Teaching in High-Tech Environments: Classroom Management Revisited, First-Fourth Year
Findings, Apple Classraonis of Tomorrow Report #10 (Cupertino. CA: Apple Computer, Inc., 1990 L. Schrum, “Tales from the Trenches:
1ducators” Perspective o fechnology hinplementation.” Jowrnal of Technology and Teacher Education, vol. 1, No. 4, 1993, pp. 409-421 PA.
Sturdivant. ~ lechnologs Trannng. . . Some Lessons Can Be Learned.” Educational Technology, vol. 29, No. 3, 1989, pp. 31-35.
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sources to make some sites “technology rich” or
spread the technology more thinly across many
more sites. For example, some states and districts
have created model technology schools, described
more fully below, choosing to invest heavily in a
limited number of “technology-rich” sites. Even
within a building, there can be different models of
implementation: distributing technology re-
sources evenly among classes, as opposed to plac-
ing all the technology in a lab or other central
location or targeting placement in certain class-
rooms, grades, or curricular departments.

Schools and districts must also determine how
to allocate human resource invesiments to assure
that the technology will be used effectively in
school buildings. Most of the strategies described
below make significant investments in three ele-
ments of teacher support: appropriate and timely
training; expertise to support and help teachers;
and time for teachers to learn, “‘mess around” with
technology, and work with colleagues. Some sites
have chosen to develop a few *“master teachers” at
a site who are then responsible for teaching and
training their colleagues, referred to as the “train-
the-trainers” strategy. Other sites choose to invest
more in providing an onsire expert, such as
technology coordinator, who can support teachers
and keep the school moving forward on incorpo-
rating new technologies. Still others choose to dis-
tribute the cxpertise by providing a critical mass
of teachers at one site with technology tools and
opportunities to learn, experiment, and adapt the
technology to their own instructional needs. Addi-
tionally, giving every teacher a computer, training
school and district administrators and establish-
ing technology resource centers are implementa-
tion strategies, often used in combination with
these other approaches. Each of thesc strategies is
described in the section below.

B Training the Trainers

A cominon strategy uscd to train teachers in many
different topic arcas is the “train-the-trainers™ ap-

M Mergendolier et al.. op. vit., footnote 3,

In the “train-the-trainers” model, teachers are selected for
extensive technelogy training in specific applications so they
can then return to their schools and train other teachers to
implement those technologies.

proach. In this model, selected teachers—those
who are most enthusiastic and motivated to learn
about a particular topic—are given intensive
training. These teachers return to their buildings
where they demonstrate and provide onsite train-
ing in the new techiniques to other teachers. Tea:h-
er-trainers can share new knowledge with other
teachers in any number of ways, including one-
on-one peer tutoring or school-sponsored work-
shops on release days or in the summer. An
advantage of this model is that teacher-trainers
can continue to be available to other staff after the
formal training has ended.

This train-the-trainers model has been used to
support school improvement and change for a va-
riety of curricular and pedagogical goals in the
past, and has also been ador*ed in some places to
facilitate the integration of technology into class-
rooms. For example, in 1984-85 the Jefferson
County (Kentucky) School District launched a
major four-year plan, called the New Kid in
School Project.54 A 32-unit networked computer
lab was installed in each of the district’s 87 ele-
mentary schools and five teachers from each
school were chosen to participate in a 60-hour
training program at a central district site. These
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teachers were then expected to train other teachers
in their schools. The district offered participating
teachers release time, stipends, and inservice cred-
it for their training activities. Jefferson County
used the same training approach when it imple-
mented major technology initiatives in its middle
and high schools. An independent evaluation of
the New Kid in School Project, six years after its
inception, concluded that the trained teachers had
emerged as instructional leaders in their schools
and toock key roles in managing and guiding
technology use.

The idea of training more than one person from
a site seemed to be a key ingredient for the proj-
ect’s success. As one superintendent said, “The
change process follows an old notion, that two
peopleinabuilding can supporteach other and en-
courage the change to take hold.”>5 However,
training teachers in groups is not the only factor
required for success.

Another factor critical to the success of many
train-the-trainers projects is the availability of
support and resources for the teacher-trainers once
they return to their buildings. If these trained
teachers are expected to share their knowledge
with colleagues, they must be given time and ad-
ministrative support. Furthermore, research sug-
gests that there are personal characteristics that
affect success; effective onsite technology leaders
need interpersonal and organizational skills, as
well as technical knowledge, in order to interest
and motivate colleagues less inclined toward us-
ing new technology.®

An extension of the basic train-the-trainers
model is being used at Webster Elementary
School, a model technology school in St. Augus-
tine, Florida. When their technology program be-

35 Ibid.. pp. 7.4.

36 For example, see Neal B. Strudler,

gan in 1989, the school held training sessions for
all staff two afternoons a week, from 2:45 p.m. to
3:30 p.m., as part of the normal workday. As
teachers began to feel comfortable with the
technology and show enthusiasm, planners of-
fered them the opportunity to become an expert in
a particular piece of hardware or software. Those
who were interested were given extra time to learn
about the technology, more one-on-one training,
and opportunities to attend technology confer-
ences. A central list identifying these “exj . ..s”
was posted in the building, and when other teach-
ers had problems with a particular piece of hard-
ware or software, they could consult the resident
expert. According to the principal, teachers have
developed pride in their new skills and have be-
come quite self-sufficient. Technology use within
the building no longer depends on outside facilita-
tors or a single onsite expert. The principal notes

with pride, “Our teacher experts do the train-
ing.”57

1 Providing Appropriate Technology
Resource Personnel

Several models have been used to supply the con-
tinuing specialized technology support that teach-
ers find so valuable. These include providing
temporary onsite support from commercial ven-
dors or the school or district, or continuing sup-
port provided onsite by the school or the district.

At the beginning of a technology initiative,
when a school is implementing a new technology
plan or making a significant investment in hard-
ware. bringing in a facilitator or resource person
from outside of the school may be an important
component of that plan. Research on implementa-

e Role of School-Based Technology Coordinators as Change Agents in Elementary School Pro-

grams: A Follow- Up Study,” paper presented at the annual meeting of the American Educational Research Association, New Orleans. LA, Apr.
5, 1994 Matthew B. Miles, E.R. Sax], and A. Licberman, ““What Skills Do Educational *Change Agents’ Need? An Empirical View,” Curricu-

lum Inquiry, vol. 8. No. 2. 1988, pp. 157-193,

57 Cathy Hutchins and Roger Coffee,

“Teacher Experts. Empowering Staff Through Technology,”

paper presented at the meeting of the

National Association of Elementary Principals. Orlando, FL. Mar. 8, 1994, p. 2,
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tion of innovations in schools has consistently
shown that onsite assistance contributes to effec-
tive implementation of new ideas.>8 For example,
if a commercial vendor is supplying a large
amount of software and hardware to a site, its
package will often include a resource person,
employed by the vendor, who spends a designated
amount of time at the site training teachers and
helping to “work out the glitches” with the
technology. Alternatively the district or school
may commit funds for a district employee or
tcacher at the school to facilitate the technology
implementation for an initial year or two. Often
this strategy ,assumes that the facilitators will
“work themselves out of a job™ after the initial im-
plementation phase.

Some evidence suggests, however, that it may
be difficult for onsite technology facilitators to
phase themselves out completely. A researcher
who visited three Oregon schools to observe the
computer programs at two different points in time,
seven years apart reported:

During the initial study, all of the [computer]
coordinators projected that they would work
themselves out of their jobs in anywhere from
two to five years. Implicit in this goal was the

schools, the concerns of teachers that appear to
affect their adoption of technology-based in-
novations, and the need for coordinating the
“n_ts and bolts” of educational computing.>®

Regarding the ongoing concerns of teachers,
the researcher wrote:

When will technology become a high enough
priority for a majority of teachers so that they
purcue it as a regular part of their professional
responsibilities? Data gathered indicate that we
are still in an awkward transition period in
which the benefits of teaching and learning with
technology do not necessarily outweigh the
costs. While teachers are increasingly citing the
benefits that students derive from computer use,
they must weigh the costs in terms of their time
and the difficulties of managing to find ap-
propriate software and then get adequate com-
puter access for their students. It follows that as
the quantity and quality of technology-based ap-
plications increase in the schools, more teachers
will make technology a high priority. Mean-
while, the support provided by an effective coor-
dinator serves to “tip the scales” for teachers
weighing the costs and benefits of technology
use.%0

idea that as teachers became comfortable with
computers and various software programs, they
would eventually use them in their teaching and
no longer rely upon the help of a coordinator.
While this is a laudable goal to work toward, in
retrospect, it underestimated complexity of
educational change with technology and the
amount of sustained effort that it would require
of teachers. . .

Three factors. . .contributed 1o the difficulty
that coordinators found as they attempted to
“work themselves out of their jobs™ the rapid
pace of technological change as it pertains to

S8 Firestone and Corbett. op. cit., footnote 45.
39 Strudler, op. cit.. footnote 56, p. I,
0 Ibid.. p. 19.

o1 Mergendoller et al, ap. cit., footnote 3.

Jefferson County (Kentucky) provides an ex-
ample of a districtwide attempt to provide a
centralized resource pool of experts who advise
and train teachers.%! This very large urban district
(96,000 students, 5,000 teachers, 153 schools) has
been expanding and refining a major technology
initiative begun in 1984. The District’s Computer
Education Support Unit, now staffed by 22
people, has primary responsibility for countywide
technology training and support. In addition, the
support unit has many other responsibilities,
including helping schools determine their tech-
nology needs, integrating technology into the cur-
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riculum, and overseeing implementation of the
state technology guidelines. To provide technical
support, the support unit maintains a “help desk”
that any county public school employee can call
with a question; the help desk receives 20 to 30
questions a day. Support unit staff have prepared
50 independent inservice units on topics that
range from basic computer operation, to software
selection and use, to integrating video into
instruction. The unit has several training rooms
set up with appropriate equipment, where inser-
vice workshops for teachers are held. Twelve
Computer Inservice Teachers are employed by the
support unit to provide direct support to teachers
and schools (see box 4-3). This is a coveted posi-
tion; last year the unit received 60 applications for
two positions. In 1993, the support unit cost
approximately $916,000 for staff operation—a
tiny fraction (0.2 percent) of the district’s $500
million budget.62

1 Model Technology Schools
and Classrooms

A number of states and districts have set up model
technology schools, that is, regular schools in
which a special emphasis is placed on developing
student skills with and through the use of technol-
ogy. By creating technology-rich environments
and enlisting the involvement of those teachers
and administrators who are most enthusiastic,
model technology sites can *“‘pave the way” for
other schools to follow and can yield lessons to
guide later technology investments. These sites
can also serve as living laboratories that others can
visit and learn from.

Monterey Model Technology  Schools
(MMTS) Project is one such example—a partner-
ship between the Monterey Peninsula Unified
School District and the California Department of
Education.%3 The MMTS project represents one
of six projects funded by the California Depart-
ment of Education “to develop and validate a wide
range of technology-based instructional and ad-
ministrative programs, practices and planning
procedures to be disseminated to other schools
throughout California.”®4 Although there are 24
schools in the Monterey Peninsula Unified School
District, only four (two elementary, one middle,
and one high school) are Model Technology
Schools. The four schools were selected not on the
basis of their readiness to adopt technology, but on
two other criteria—schools had to be located in a
community where the demographics of the stu-
dent body mirrored the state as a whole, and the
schools participating had to provide a continuum
(i.e., the elementary schools fed into a participat-
ing middle school and then the participating high
school).

The project was funded by the state, and all
teachers in the participating schools—whose in-
terest in and familiarity with technology varied
greatly—were asked to commit themselves to the
project.%5 It was recognized that teachers embrace
instructional technology use at different rates. By
bringing together the technologically naive and
fearful with the proficient and adventurous, it is
possible to build a climate of mutual supportand a
culture of school technology use. It was antici-
pated that this process was more likely to be ex-

62 Onerall, Jefferson County Schools spent about 1 pereent of the yearly budget on technology purchases, installation. upkeep. and support.

Ibid.
o Ihid.

04 1.0, Cradler et al., Monterey Model Technology Schools: Cumudative Research and Evaluation Report, 1987-1992 (as cited in Mergen-

doller et al.. op. cit., footnote 3, p. 6.4).

0% Those who did not watit to work ina school endorsing substantial technology use were given the opportunity to transfer toother schools in
the district, but none did. Some teachers chose not to participate during the first year of the project: some of these teachers and some others later
transferred to other sehools or retired.
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In Jefferson County, Kentucky, 12 computer inservice teachers (CITs) work directly with the teachers in

the districts’ 153 schools. Each CiT is currently assigned to 16 schools, a challenging ioad in the opinion of
many. Typical duties include:

= talking on the phone or in person with school technology coordinators to schedule teacher training
workshops or ensure that the pace of the school's technology sy ending is on track,

= trouble-shooting software and hardware problems;

= ordering equipment for schools through the district's procurement service;

= working with individual teachers to integrate technology into their instruction;

= working with the school technology committee and the technology coordinator to review school technol-
ogy needs and prepare a technology plan;

= presenting three-hour afterschool workshops for the teachers in their assigned schools; and

= presentirig all-day workshops on a particular computer topic such as Hypercard or using spreadsheets
‘n history classes.

With so many different demands, CITs have found that they must rely on each other for expertise and
support. ClTs carry a Powerbook with an internal modem. This aliows them to access the Computer Sup-
port Linit e-mail system, and leave and receive messages for each other or their supervisors at any time.
Although the expertise of each CIT is somewnhat different, they share a core knowledge about feasible ways
to integraie technology into instruction. As one CIT put it:

We startwith curniculum first. We ask teachers, "What do youwant to do?” Then we look to see how technology can
accomphsh d. But it always comes bauk to the curriculum first. Do you really need the technology. or have you just
been sold a line?

The CiTs respect the teachers they work with and appreciate the human dimension to technology infu-
sion. As one teacher told us

Computer Resorirce people are not insulting when they talk with you. And the attention and support they give you
1s just Increcible They don't tell you what to do. they invite youto do it They just put this little bug in your ear and walk
| away “You know." they say, "You really should try telecommunications. Take a look at this World Classroom pro-
gram " and then ycu think. “Hmmm. This does look interesting . " The Computer Inservice Teachers set the
stage and the environment. and then 1 drive myself to learn it.

Another teacher talked about the informal process of technology infusion that occurs within a school

First the Compuler Inservice Teachers helpyou And thenyou finally get it down and it spreads. It's exciting. Other
teachers see you using lechnology All you gotto dois show what your kids are doingto another teacher They seethat
the kids are so excited and fearming things and they want todo ttintheir class So they learnit. and the teacher next
door comes down and says. "Now Cindy's kids are using computers; | want mine to use them too Whenare you going
to show me how to do 1t?”

SQURCE Jobr R Mergerdol'er et al . "Case Studies of Exemplary Approaches to Training Teacheis to Use Technology.” Ottice of
Techriology Assessment cortractor report. September 1894, pp. 18-19

—_——
|
|
i

portable to other schools than selecting a school  First-year training centered on  “Technology
where all teachers are “ready™ to use technology. Awareness Days” focused around the subject

Originally funded in 1987, the first five years  areas of language arts, mathematics, and science,
were focused on developing technology imple-  to provide a general overview of what could be ac-
mentation projects and training, with dissemina-  complished with educational technology. Gradu-
tion activities targeted for vear six onward.  ally, what began as a technology training program
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At Monterey Model Technology Schools. teachers produce a
video for dissemination to other schools as part of the
district’s teacher training.

evolved into instructional mentoring, changing
the focus from broad curriculum areas and operat-
ing skills to an emphasis on targeted student out-
comes and behaviors. At this point, MMTS
developed the Classroom Intervention Plan (CIP),
which became the centerpiece of the MMTS
technology infusion model. Each teacher or teach-
er team develops a CIP outlining the curriculum
emphasis (and its relationship to their school’s
planning goals and those of the California curricu-
lum framework), the desired and measurable end
results; the necessary hardware, materials, and
staff development; the evaluation plan; products
and procedures for dissemination; and a budget

(including substitute time). In addition to hosting

scheduled visits by intercsted teachers and admin-

istrators, the Model Technology Schools provide
three types of training and dissemination activ'
ties to teachers from Monterey and other district
in California:

1. Technology Demonstration Centers. Teach-
ers who are well-trained veterans of the MMTS
program hold a day-long session in which they
demonstratc their knowledge fora group of 2 to
12 tcachers. Topics include such things as Info-
Trek and Telecommunications, Logo in Mathe-

60 Mergendoller et al.. op. cit., tootnote 3.

matics Courses, Using Laptops for Process
Writing, and Using Video and Camcorders
across the Curriculum.

2. Technology Training Seminars. More exten-
sive two-day hands-on training workshops are
offered to teachers on six different technology
configurations: Telecommunications, One-
Computer Classroom, Laptops and Process
Writing, Multimedia, Video, Instructional
Television. Teams of at least two teachers from
the same school must attend together to facili-
tate support when they return. In addition to
spending considerable time on hands-on explo-
ration of hardware and courseware, participat-
ing teachers develop an individual project to
use in their own classrooms.

3. Teacher Productions. The MMTS teachers
have produced several documents, discs, and
videos showcasing the projects they have im-
plemented in their classrooms. These are based
on the CIPs described above. Selected project
descriptions and productions in the MMTS
products catalog are shown in box 4-4.

On a smaller scale, some schools or districts
have chosen to start with model technology class-
rooms instead of schools. The Integrated Technol-
ogy Classrooms (ITC), begun in 1987 in
Bellevue, Washington, are one such example.%6
Under a pilot program in two elementary class-
rooms, teachers who had demonstrated enthu-
siasm for using computers were given a range of
instructional technologies. The theory was that
concentrating technology expenditures in a single
classroom would demonstrate the value of
technologies.

The program has been very popular and suc-
cessful in drawing in other teachers. The number
of ITC classrooms has grown from two in 1988 to
more than 60 today. The ITC teachers, each in a
different school, have worked with colleagues in
their buildings to model technology use and help
teach others about it.
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© " BOX 4-4: Teacher Productions Showcasing Promising Practices

The following are examples of handbooks, software. and videos produced by Monterey Modet Technolo-
gy School teachers to illustrate technology activities they have used in their classrooms.

Minds in Motion

A series of learning activities for the elementary classroom using LogoWriter™ and Lego® logo kits in
cooperative learning groups.

Integrating Technology into the Catifornia Writing Project

This guide stands as a roadmap for teachers who wish to enhance the writing process through the use
of instructional television, video, and computer technology

Into the Eye of the Atom

This physical science unit has been developed to assist students in visualizing and conceptualizing the
structure of atoms and molecules using laser, video, and computer technology.

Database of Dietary Choice
A guide to creative uses of databases and spreadsheets in the home economics curriculum.

The Whole CAKE: Computers Assisting Kids in Education

A team of elementary teachers developed this integrated, technnlogy-based instructional model to help
students improve their oral and written expression, increase exposure to quality literature, develop good
handwriting skills, and improve the quality of television viewing.

Lit vid Kits

This model was developed as a means of creating motivating language arts experiences in a schcol-to-
home format for elementary students. Its focus is on English fanguage acquisition and non-Engiish-speak-
ing parent education. It includes reading, listening. viewing, speaking, and writing activities related to the-
matic units in literature and science (available in English or Spanish).

An Integrated Approach to Geometry Using Manipulatives, Robotics, and Computers
This collection of classroom learning activities was developed to meet the needs of middle school stu-
dents facing difficulties in mastenng geometric concepts.

Echoes

This kit provides teachers with a model for developing units thai intensify student interest in civics and
economics and enhance cooperation in teamwork settings

ARTT

This resource vutlines planning, bullding and management of video libraries to enhance the instructionai
process in a secondary arts program.

SOURCE California Mode! Technology Schoois Project-Monterey 1995

El{fc K

Aruitoxt provided by Eic:




152 | Teachers and Technology: Making the Connection

I Giving Every Teacher a Computer

Although this strategy is still quite rare and exper-
imental, some schools and districts are giving
each teacher a computer to use as a personal and
professional productivity tool. As discussed in
chapter 2, computers can help teachers carry out
many aspects of their job, such as keeping records,
updating lesson plans, and constructing tests. The
rationale is that as teachers begin to see direct
benefits from technology, in terms of saving time
or expediting routine tasks, they will become
more motivated to learn about computers. And as
teachers gain confidence with and understanding
of computers and related technologies in their
own work, they may begin to experiment with us-
ing technologies with their students. While some
training is still important in this strategy, the real
learning is believed to come from giving teachers
unlimited access to the technology (and potential-
ly more time on the equipment), new motivation
for learning to use it, and a community of peers
who are trying to master the same tools. Because
teachers do much of their planning and paper work
at home, some sites allow teachers to take their
computers home routinely or keep them there;
others provide laptop computers they can carry
back and forth.

One innovative program that uses this strategy,
and is sponsored by the Indiana Department of
Education, is called A Computer for Every Teach-
er (CET). Begun in 1990, CET made competitive
grants to four small schools on the basis of propos-
als. Participating schools had to assure that all
teachers and other professional staff in the school
would participate. Every teacher in the funded
schools received a computer and printer for use at
home or in school, as they saw fit. The program
aimed:

.. .to improve teacher productivity and en-
hance teacher professionalism with the long-

range goal of improving student performance. It
is based on the belief that teachers are informa-
tion-age professionals who should be using con-
temporary technology to accomplish their work.
By using such technology, their personal pro-
ductivity will improve and, consequently, so
will their instructional efforts and impacts in the
classroom.5’

CET program grants cosered training that fo-
cused on basic computer functions and software
selected by each school. Training at all sites in-
cluded basic elements of wordprocessing, graph-
ics, spreadsheets, and databases; most teachers
were also taught how to use a gradebook program.
Participants viewed the requirement to involve all
professional staff as an important component of
the program,; *‘everyone means teachers, adminis-
trators, and support staff, all working together on
the same tasks of mastering computers and soft-
ware.”68

This formal, public commitment also gave le-
verage to the coordinators when it was time to
train the school staff. While there was some reluc-
tance—and training did not turn around every
teacher—almost all teachers and administrators
learned how to accomplish some basic functions
on the computer. An outside evaluation of the
project two years after it had been implemented in
the four sites concluded that the program was
highly successful in meeting its goals and helped
teachers improve their productivity, enhance their
sense of professionalism. and increase individual
and institutional esteem.®9 (See box 2-6 in chapter
2)

Results of another experiment in Utah, the
“Lifestyle Change” Project, indicated that teach-
ers are highly motivated by the opportunity to
have a computer of their own. Recognizing the
drawbacks of training teachers to use technology
that is only sporadically available to them, this

57 Saul Rockman, James Pershing, and William Ware. “Productivity, Professionalism. and Empowerment: Given a Computer for Every
Teacher,” report prepared for the Indiana State Department of Education, October 1992, p. 3.

o8 Thid.. p. iv.
7 Ihud.
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project put a computer in the hands of all teachers
and administrators in Utah’s Morgan School Dis-
trict. To qualify for a computer, which could be
used at school or at home, teachers had to
complete a comprehensive program of training,
including a course introducing Macintosh hard-
ware, a gradebook package, word processing,
graphics manipulation, a program for developing
classroom tests, Hypercard for software author-
ing, and a course on videodisc/CD-ROM. Teach-
ers were also required to complete a portfolio of
computer-generated materials such as grade-
sheets, worksheets, Hypercard stacks, videodisc
lessons, and word-processed documents.

An outside evaluation of the Lifestyle Change
Project concluded:

The “Lifestyles” Project of the Morgan
School District has succeeded in enlisting the
active involvement of 84 out of 86 potential par-
ticipants. From the results of a written question-
naire, a series of interviews, onsite observations,
and an examination of individual assignments
completed, the Project receives high marks for
both involvement and attitude change. Along a
number of dimensions. . .this has the earmarks
of being a superior project.70

B Training Administrators

Research on the adoption of innovations in
schools consistently points to the key role of ad-
ministrative leaders in successful implementa-
tion. Involved and supportive superintendents are
central to districtwide reform efforts, and princi-
pals arc key to implementation within the school
building.”! OTA has consistently found that
when administrators are informed abont and
comfortable with technology, they become key
players in leading and supporting technology

Including principals in school-based technolcgy training
means they will be informed and comfortable with the
technology, and more likely to provide leadership and support
for schoolwide technology use.

integration activities in their schools.”> Some
technology implementation efforts are building
on these lessons by including principals or other
key administrative staff in training opportunities
offered to teachers.

One approach is to include principals in school-
based teams chosen to receive intensive training
in technology use. For example, the Apple Class-
room of Tomorrow Teacher Development Center
Project looks at the ccmmitment of the principal
when selecting teacher teams for training. Not
only are principals encouraged to attend portions
of the training program with the teacher team, but
they also must commit to the following condi-
tions: relcase time for teachers to attend project
training sessions, time for teachcrs to meet and

70 Nyek Eastmond and Inhae Kim, “An Evaluation of the Project " A Lifestyle Change” Final Report.” unpublished manuscript. Apr. 9, 1992,

pp. 22-23.

71 Eyllan, op. cit., lootnote 6; Firestone and Corbett, op. cit.. footnote 45.

72 §ee. ULS. Congress, Office of Technology Assessment, Poswer On!: New Tools for Teac hing and Learning. OTA SET-379 (Washinglon.
DC. U.S. Government Prmting Office, September 1988): Linking for Learning - A New Course for Educetion, OTA-SET-430 (Washington, DC:
U.S. Government Printing Office, November 1989); Mergendoller etal., op. cit., tootnote 3: Griffith, op. cit., footnote 2.
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plan each day, time for teachers to reflect on prac-
tice, and acknowledgment of the importance of
their teachers’ efforts to the rest of the staff.”3

Since 1990, Indiana has sponsored a statewide
training program specifically for principals. In its
first two years, the Principals’ Technology Lead-
ership Training Program served almost 400 Indi-
ana principals.’4 Over the course of a year, each
principal takes four days of professional training
with other principals at a central site. By schedul-
ing sessions at different points in the year, the pro-
gram built in time for principals to go back to their
schools, practice what they learned, and talk to
staff and better define what they needed and
wanted. In the workshops, principals learned
about a broad range of technology and software
available for classroom and office use and had a
chance for hands-on exploration of a large collec-
tion of equipment.

Participating principals have been very enthu-
siastic about the Technology Leadership Program.
In addition to reporting that they felt more confi-
dent and credible in dealing with technology, and
better able to use technology for administrative
tasks, participating principals said they were more
capable of creatively using capital project funds,
writing grants, or justifying expenditures to
school boards. After the training, many principals
conducted training for their teachers: others re-
ported that they were better equipped to think
comprehensively about the technology in their
schools and how best to use it. Principals rated an
update session, held the following year, as very
valuable, and most principals endorsed the need
for some kind of ongoing “refresher programs.”

Although there are no systematic data on the ef-
fects of training principals, the Apple Classroom

of Tomorrow (ACOT) and Indiana examples dem-
onstrate the feasibility and importance of enlisting
principals in the diffusion of technology in
schools.

I Establishing Technology
Resource Centers

Some states and districts have established tech-
nology resource centers where teachers can ex-
periment with different hardware, try out software
programs before buying, consult experts, and re-
ceive training. For example, Calcasieu Parish
Schools in Lake Charles, Louisiana, established a
district “Tech Center” that offers training on dif-
ferent technologies, a satellite dish to receive or
record educational teleconferences, and online
computer access to a library of over 100 current
periodicals and other resources. The center re-
mains open until 7 p.m., three nights a week, and
is open on Saturday mornings.”>

Texas supports 20 Regional Education Service
Centers (RESC) that provide a wide range of ser-
vices to school districts in their region on a variety
of educational issues, including technology.”® Al-
though RESCs receive operating funds from
many different budgets, the Texas Education
Agency distributes $6 million a year to RESCs
specifically to support technology initiatives.
Each RESC has considerable flexibility in the way
funds are used but is expected to carry out the fol-
lowing activities, at a minimum: 1) maintaining a
Technology Preview Center where district per-
sonnel can “investigate and select technologies
appropriate to meet local needs;” 2) helping dis-
tricts train teachers, administrators and other staff
in technology-related topics; 3) training first-year

73 Cathy Ringstaff, Keith Yocam, and David C. Dwyer, “ACOT Teacher Development Center Annual Progress Report: Year One,” unpub-

fished manusceript, n.d.

74 S, Rockman and K.R. Sloan, "A Program That Works: Indiana's Principals’ Technology Leadership Training Program,” report prepared
for the Indiana State Department of Education, San Francisco, CA, June 1993,

75 As described in Metropolitan Education Research Consortium (MERC) Research Brief #8, “Developing Exemplary Technology-Using

Teachers,” May 1994, MERC" Work, vol. 1, No. 2, 1994.

76 Mergendoller et al., op. cit.. footnote 3.
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teachers in technology use; and 4) disseminating
material from the Texas Center for Educational
Technology. (See box 5-3 in chapter 5.)

A typical RESC has at least one training room
equipped with computers, all with connections to
TENET, the statewide computer network for
teachers. Some of the computers also have net-
work connections to the Internet. (See box 3-4 in
chapter 3.) This room or an adjacent room general-
ly serves as a Preview Center. RESCs purchase
software and hardware for the center, and several
software publishers provide copies of their prod-
ucts to each center at no charge. Most RESCs offer
a continuous series of workshops, seminars, and
training sessions on various topics related to
technology use in schools; teachers are the prima-
ry users of these staff development activities.
Larger RESCs have as many as five or six staff
who work full time in the technology area.

LESSONS ABOUT TECHNOLOGY
IMPLEMENTATION

Based on OTA-contracted case studies and site
visits, and a number of other research and evalua-
tion studies, OTA has drawn some lessons about
how to foster effective use of technology by teach-
ersin K-12 schools. Sites that have made technol-
ogy a priority, such as those described above,
provide lessons about how to implement new
technologies, how to make decisions about ac-
quisition and investment in technologies, and
what kinds of support can help teachers use
technology effectively. Leadership necessary to
infuse technology comes from many sources: the
state, the district, and the individual school (sce
box 4-5). Ideally, all these work together to sup-
port the teacher's efforts to learn about technology
and use it to meet classroom goals.

I Key Issues for Investing in Technology

Access

Several factors seem to be essential for making the
best use of hardware and software in schools. The
first condition is ready access to hardware and
software. Access cannot be assessed simply by
looking at the numbers—how much hardware and
software a school owns tells you little about its ac-
cessibility. To be accessible, technology must be
readily available for teachers to use when they
need it:

.. .not simply for uses that can be predicted
in advance and squeezed into a fixed time slot.
For example, teachers are far more likely to use
video for instruction when the choice and timing
are under their control. Similarly, teachers and
administrators are less likely to use telecommu-
nications networks when they must go to a re-
mote location to do so. Nor can students exploit
the full power of word processing if they must
wait for their daily or weekly scheduled time ina
lab.77

Ready access to equipment is also a precondi-
tion for tcacher training. It is extremely frustrating
for teachers to learn to use technology in a work-
shop, then return to a classroom that does not have
it. Some have experimented with postworkshop
“Try and Buy” programs that supply teachers with
necessary equipment for four to six weeks or so, to
enable them to become more familiar with a
technology before the school decides whether it
wants to buy it. Schools are trying to increase
teacher access by letting them take equipment
home.

Access also requires keeping hardware and
software in up-to-date working order. For schools
to incorporate technology into their program in a
meaningful, long-term way, they must recogruize

1 Jane L. David, “Realizing the Promise of Technology: A Policy Perspective,” in B. Means (ed.). op. cit.. footnote 49, p. 178,
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BOX 4-5: State Planﬁing for Technology: The New Jerséy 'Experiéhce

The State of New Jersey provides an interesting example of the planning process involved in bringing
technology into K-12 schools, and how that process has evolved over time.

In 1986, the New Jersey Department of Education developed Educational Technology in New Jersey: A
Pian for Action, which outlined the department’s role in helping districts develop policies, practices, and pro-
grams to increase student learning through computers and other forms of educational technology. It was rec-
ognized that changes in technology would probably necessitate a new plan within a few years. In 1991 New
Jersey Commissioner of Education John Ellis intiated a process for developing a statewide long-range plan
for educational technology, an idea reinforced by the Quality Education Commission of New Jersey. In Febru-
ary 1992, the Department of Education formed a 60-member task force composed of individuals representing
school districts, higher education, business and industry, research laboratories, museums, libraries, govern-
ment and community agencies, and other major educational stakeholders. The task force produced the sec-
ond version of Educational Technology in New Jersey: A Plan for Action, completed in 1993.

The vision outlined in the 1993 plan is a bold one: "All New Jersey students will be able to use the tools of
educational technology effectively, holding in their own hands the means to shape their own destinies."! The
outcomes envisioned in the plan include the following: student access to learning technologies, high-guality
professional development and training for educators, multimedia workstations for all teachers, online access
for administrators to gather and report data, schoo! facility retrofitting to integrate technology throughout
school operations, and equitable funding to each schoo! district through a technolcgy entitlement that pro-
vides funding on a per pupil basis each year to districts with an approved technology plan.

The overall plan has four broad "action plans” that were slated to be fully in place by 1997. These action
plans are

= Building Educational Leadership: "To establish coalitions of key stakeholders” that will build on the
state's human, capital, and corporate resources and provide vision, leadership, and support to imple-
ment local technology plans.

* Preparing Educators for New Roles: “To provide educators with ongoing, accessible educational
technology preservice and inservice professional developriient opportunities that prepare them for new
roles as facilitators of the learning process and improves instruction and learning.”

= Modernizing Learning Environments: "To provide leadership with financial and legislative support to
restructure the educational environment in school facilities” by constructing a voice, video, and data
communication network in each school.

= Developing Networks and Technology Infrastructure: “To provide vision, leadership, and support in
the construction of statewide voice, video and uata networks” to deliver timely resources and integrate
data management among districts. other nigencies. and the Department of Education. Networks will be
governed by a coordinated organization with representation from public schools, libraries, vocational-
technical centers, community colleges, four-year colleges or universities, government, and industry.

The second action plan, dealing with professional development. has five primary objectives.
= Establish a network for professional development with collaboration of K-12 education, higher educa-
tion. and the private sector

+  Provide statewide support for ongoing. accessible staff development opportunities to integrate educa-
tional technology into instruction

+ Provide resources to prepare educators for new roles. including the estabhshment of cducational
technology traiming and support centers

Y ivew Jorsey Departert ot Edacaton Eaud ational Technoiogy i bew Joeaey APLeo tor Action {Tieeton NJ Ape 8 1993). p s
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= Collaborate with higher education institutions and classroom practitioners to develop and provide
educational technology preservice opportunities.

= Prepare educators to use technology to acquire more detailed knowledge about student performance.

The implementation of the overall plan has been contingent on apprcpriations provided by the state
legislature. Five funding recommendations were proposed for the state iegislature:

= appropriate $50 per pupil for every full-time K-12 student in New Jersey public schools—roughly $60
milllon—and renew annually to keep the technology current;

= appropriate a one-time investment of approximately $8 million to fund development of a statewide fiber-
optic telecommunications network capable of carrying voice, video, and data transmissions;

= provide an annual $1 billion appropriation to provide financial incentives, such as low-interest loans, to
districts for construction and retrofitting projects to support technology infusion;

= create a "megasystem” for data management to streamline administrative tasks and increase commu-
nication between districts, agencies, and the state, at an estimated cost of $30 million over three years,
and

= appropriate funds for technology modeling incentives to develop and demonstrate exemplary uses of
educational technology, ata cost of $5 million the first year, $10 million the second, and $15 million the third.

The State Board of Education was encouraged to take a number of actions, including:

= requiring student performance proficiencies with the new and emerging technologies.
= requiring provisions for new and emerging technologies in new construction and retrofitting plans, and
= requiring staff training in technology be included with all technology purchases made by districts.

Recommendations were also made to the State Department of Education:

= createaclearinghouseof educationaltechnologyresources, accessibleto the entire education community,
= provide technical assistance for the effective use of technology in the instructional process, and

= provide leadership in constructing and developing a statewide network and interagency data manage-
ment system.

Local Education Agencies (districts) were encouraged to

= develop and implement a multiyear technology plan;

= designate a technology coordinator for the district;

= designate funds for the purchase and maintenance of technology, and for professional development in
technology use: and

= develop, approve, and implement a board policy on the infusion of technology Into the curriculum and
school operation.

Despite the extensive planning, assignment of responsibiiities and attention to detall, political realities
have made 1t difficult to carry out the plan as envisioned. The major barriers have been fiscal constraints
and changing political adminstrations, which has meant re-submitting proposals many times over and sub-
sequently losing valuable time. Two years ago, budget constraints led to a reduction in the staff of the state
Educational Technologies Office from 11 to two. Governor Christine Todd Whitman's austerity program has
aiso tnmmed the budgets of most state agencies considerably. Nevertheless, the Educational Technologies
Office has been able to maintain its efforts on a Imited budget, and this year was granted a $500.000
appropriation with which to begin implementation of the technology plan.

SOQURCE Juka Stapteton Education Technoiogy Coordimator, New Jersey Department of t ducaton £ducational Technology in New
Jdersey A Plan for Action (Trertor. NJ- New Jersey Department of Educiaton Apnl 1993)
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that there will be considerable costs. Technology
must be repaired. upgraded. and replaced. In addi-
tion, seemingly small but ongoing costs—paper,
printer ribbons, discs—have been known to crip-
ple some technology initiatives. Schools must
not view technology as a one-time investment
but must budget for maintenance, upgrading,
and replacement costs.

Instructional Vision

A second factor related to equipment that schools
should consider is the suitability of particular
technologies. Available technology must be
suited to the educational goals for which it is in-
tended. Investments should not be made in
technology for its own sake, but because it facili-
tates or extends instruction. This requires that a
well-defined instructional vision should pre-
cede the technological one; teacher involve-
ment in defining this vision is essential.

Most successful districts and schools have
spent considerable time and effort planning for
technology infusion before purchasing and dis-
tributing equipment. Often states or districts re-
quire individual schools or classrooms to develop
a technology plan. The planning process requires
people to think through the reasons for the
technology before they buy it. It also helps to as-
sure that sound educational reasons guide tie
technology decisions. instcad of technology driv
ing the educational process. Furthermore, the
planning process brings people together and re-
quires them to consider technological and instruc-
tional priorities. Although the resulting written
plan affords a useful guide, it should be scen as a
starting point. subject to revision over time. None-
theless, it is the process itself that animates indi-
viduals, focuses their attention on instructional
goals and technology s role in meeting them, and
supports cultural changes in technology use.

Plans should not be ironclad: they should make
itpossible to revise or adapt as the implementation
process proceeds. Lessons can be learned, and
some parts of programs can be imported or
changed. Sites have learned that they need to be
flexible and encourage experimentation and shar-
ing. They have found that they have to expect to
change and update their plans as the program
evolves, as teachers gain expertise, and as
technologies and applications advance.

Sustainabilty

Programs have found that it is extremely im-
portant to think about continuation of the
technology program from the beginning. Al-
though seed money can get things started, a suc-
cessful program will need to think about how
technology use can be built into the continuing
culture of the school. Research on organizational
change has suggested that for innovations to be
builtinto the organization on a regular and perma-
nent basis. adjustments must be made in at least
five ways:

* new practices must be codified as rules:

® curriculum must be revised to accommodate
the innovation;

* training programs must be established for new-
comers to the district;

= evaluation procedures have to reflect the new
practice; and

* project-related activities must be supported as
line items in the regular district budget.”®

I Key Issues for Investing
in the Human Resources

Once a site has accessible technology suited to its
particular purposes, what else is needed? Perhaps
the most central lesson from successful imple-
mentation sites is that those who wish to invest in
technology should also plan to invest substantial-
ly in human resources. For every investment in

"ML Huberman and MU Mile, Innovanon Up Close . Heny School nprovement Works (New York Plenum, 1984), Puestone and Corbett,

op. At footnete 38, p, 334
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hardware or software made, there should be a sub-
stantial investment in human resources, through
expenditures for training. technical support,
maintenance, and time to learmn to use the
technology.

Life cycle cost models from business and in-
dustry support the critical role of training and
support. These models suggest that hardware
and software reflect approximately 30 percent
of the total system cost over the technology’s
life cycle. Too often funding initiatives ignore
the entire set of funding components and focus
on hardware and software. And yet, experience
has shown that only by addressing the other
components, as well as the hardware and soft-
ware, will the technology expenditures be suc-
cessful. This is most particularly true of the staff
development cost component. . .Teachers need
extensive and on-going training not only in how
to use technology, but how to fully integrate it
into their curriculum, instruction and assess-
ment practices.”

Redefining Training

Some of what teachers can do with technology can
be learned on their own through experimentation
and self-instruction. But there are other things that
teachers can learn best by attending a workshop or
watching an experienced teacher. A good staff de-
velopment program will have opportunities for
both types of learning.

“Hands-on” training with technology is more
than a gimmick or motivator; it is a necessity.
Teachers must have the chance to make the com-
puter (or camera or whatever) work and gain con-
fidence in their own competence before trying the
same thing with their class. Moreover, the differ-
ent types and applications or techrology will re-
quire different amounts and kinds of training.
support, and mentoring. For example, learning to
use a telephone voice-mail system for communi-
cating with parents and teachers is likely torequire
less training than learning to create multirnedia

In workshops, teachers have opportunities to explore
different technologies in ways that can be transferred to
the classroom

lessons using Hypercard and a videodisc player.
There is no one generic course or workshop that
can effectively teach teachers all that they need to
know about technology.

There is abundant evidence that “one-shot™ or
short duration training programs have little im-
pact. Teachers need time to learn, plan, try things
out, reflect on their successes and failures, revise,
and try again. This takes time—months, if not
years.

Incentives like providing release time for
teachers or paying them for staff development can
increase the participation of teachers in good staff
development programs. But release time can be
problematic. Many teachers want to minimize the
amount of time they spend outside their class-
rooms (and find the job of preparing plans for sub-
stitutes a time-consuming task). Some sites have
tried to find creative and low-cost approaches to
release time. such as conducting inservice activi-
tics onsite and having a teacher from the building
as instructor (sec box 4-6).

Staff development is most effective when it is
individualized. This means matching learning op-
portunitics to the needs of specific teachers so they
can choose what they need to know, how they

79 Aychael Radlick. A4 Cost Mode b Tmplementing Techmolosy i New York State Public S heols (Alimy. NY New York State Bducation

Departiment, November 1994, p. 1.
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~-BOX 4-6: Supéqubsz Makihg It Easier To Leam About Technology

When teachers leave the classroom, they usually prepare lesson plans for the substitute teacher (sub)
who will take their place. Because the regular teachers are trying to guide a stranger into the instructional
routines that are second nature for them, the sub release lesson plans are often much more detailed and
take more time to prepare than a rngular lesson plan. In the Monterey Mode! Technology Schools (MMTS),
this caused a problem: teachers didn't want to take the time to be trained in technology use because each
time they left their class to visit other classes or attend training sessions, they had to labor over lesson
plans for their substitutes. But without the training, they couldn't use the technology.

The MMTS staff sought a "turnkey” solution: a generic substitute teacher who could come into a class
with @ minimum of preparation required of the teacher who was to be released. Since the project was about
technology, they thought it would be appropriate if the substitute provided technology-based learning ex-
periences while their regular teacher was also becoming more proficient in technology use. Another con-
cern was that of cost. If considerable substitute activity was to be centrat to the training model, the substi-
tute service had to be cost-effective.

Thus was born the "SuperSub Service,” a strategy that enabled MMTS staff to continue to individualize
the staff development assistance they provided while reducing the burden teachers experienced when pre-
panng for a substitute. Briefly, this strategy:

» provides for weekly release time for teachers during the work day (ranging from 45 to 270 minutes),
= removes the necessity for teachers to prepare lesson plans for the substitute teacher;

. = provides a technology-enhanced problem-solving, critical-thinking skill development lesson aligned

with the district curriculum for each SuperSub to deliver; and
= provides the teacher with written feedback about the SuperSub'’s lesson as weli as a followup activity.

To maintain continuity and lower the cost, the SuperSub Service is staffed by four Monterey district
teachers and administrators who elected to take early retirement. All district teachers who elect to retire
before the mandatory retirement age are required to contribute 30 days of work to the district each year for
three years. By drawing on this network of early retirees, the MMTS Project did not exacerbate the existing
difficulty district schools have in finding qualified substitute teachers, and released the funds that would
have been spent on substitute teachers for other purposes.

SuperSubs are equipped with an Apple portable computer, a LCD projection device, a notebook of les-
son plans and suggested followup activities, necessary supplies such as scissors and crayons, and a
letter the SuperSub can use to describe what went on while the regular teacher was away. A schedute of
SuperSub visit days is established at the beginning of the school year. The schedule lists both the days
SuperSubs are available and the staff development activities teachers can participate in on those days.

If the demand fui SuperSubs is evidence of the program’s effectiveness, this approach to provide re-
lease time for teachers 1s an effective one. Between the second and third year of the program, use of Su-
perSubs doubled, white use of full-day regular substitutes and afterschool training sessions declined. Proj-
ect funds onginally allocated for full-day substitutes were realiocated to additional instructional materials or
attendance at technology conferences. Increasingly, teachers are using the SuperSub service as an oppor-
tunity to share their skilis with their school colleagues or observe how therr colleagues teach their classes.
Teachers appreciate that their own professional development activities can be scheduted within the school
day at a time they choose They also like the continuity the SuperSub service provides—the same Super-
Sub returns several times over the course of the year and gets to know the students and the teachers,
making the substtute teacher expencnce a more positive one for everyone involved

SOURCE Jaln R Kergenduier et . Case Stud s of Exernpary Approaches 1o Tranng Teachers to Use Technotogy  Ottice of
Technu ogy Ausessment contractor report. September 1994
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wish to learn it, and the time frame in which they
will learn it. This matches the “just-in-time” train-
ing models increasingly adopted by business and
industry.

Followup support and coaching after the
initial learning experience are essential to ef-
fective staff development. Teachers cannot
“learnall” they tried at a training session, even if it
extends over several weeks. When they return to
the classroom, the unexpected inevitably hap-
pens. At this point, teachers need to be able to ac-
cess technical assistance and support. Some sites
structure courses so that they meet periodically
through the year or for a month or two, rather than
one or two long days. Participants can try out new
skills, practice, then come back to class and dis-
cuss or refine their approaches. During teachers’
initial efforts to integrate technology into the
classroom, it helps a great deal to have support im-
mediately and continuously available. Increasing-
ly. schools are finding that electronic networks
linking participants with instructors and each oth-
er provides a resource for continuing support.

Technical and Pedagogical Assistance
Because districts, schools, and teachers vary
widely in their “technological readiness.” most
successful sites have found that they need to pro-
vide a variety of resources and supports such as
those described in this chapter. Some kind of
onsite technical support—someone to set up,
trouble-shoot and fix the machines—is usually
necessary.

However., sites are increasingly rcalizing that
it's not just technical expertise that is required of
good support resource personnel. Some technolo-
gy-using educators are arguing that a new kind of
professional is needed in schools—conversant in
the technical issues but also experienced and
knowledgeable about teaching methods. curricu-
lum, students, and instructional design.

Although most sites have made significant
progress in helping teachers learn to use generic
tools such as word processing, graphics, and desk-
top publishing, many are struggling with how to
integrate technology into the curriculum. Sup-

porting teachers in their efforts to integrate
technology throughout their teaching is central
if technology is to become a truly effective
educational resource, yet true integration is a
difficult, time-consuming, and resource-inten-
sive endeavor. In many places technology is
treated as a content area separate from the basic
curricular areas. Students and teachers are ex-
pected to become skilled in using technological
tools. Yet few resources and expertise are avail-
able to help teachers put the technology to work in
delivering curriculum in traditional content areas,
such as English, math, or social studies. Learning
to use the hardware and master the software tools
is not enough; learning how to teach with
technology—harnessing the tools for instruction-
al ends—is a much more complex and lengthy
process.

Ifthe goal of using technology is to change how
teachers teach and how children learn (for exam-
ple, adopting more cooperative learning or more
student projects), then teachers will need support
and training to learn new pedagogical methods as
well. More technology or more use of technolo-
gy will not be sufficient to assure other innova-
tions or reforms. As discussed above, teachers
and administrators also should have a shared
cducational philosophy and a shared vision of
how technology can facilitate that philosophy.

To get going, many technology programs have
had to rely on a few particularly eager and dedi-
cated teachers in a school. Hov.ever, burnout can
also be a real problem for these teacher-innova-
tors, who are actively exploring technology
resources, trying to keep up with new develop-
ments. and helping their colleagues. If a site truly
wants to enccurage its expert teachers to help their
colleagues, these individuals could be compen-
sated and recognized for their efforts.

Although enthusiastic individuals may help
spark technology efforts. experience suggests that
schools should not rely exclusively on a small
cadre of “gurus.” As a long-term strategy for
conrtinued technology use, expertise should be
shared among multiple individuals at a single
site. It is casy fora school to fall back on atechnol-
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ogy guru who knows how to fix computers when
they don’t run and can suggest new strategies for
using technology. But technology gurus may
move to a new school, leaving the original school
without a resource. Training multiple individuals
increases the chances that expertise will remain.
Furthermore, students can be effectively
tapped as resources to help teachers with
technology. At some sites, teachers bring a stu-
dent or two along to workshops or other learning
experiences. They are eager. available, and “free”
(see chapter 2). Some knowledgeable students be-
come great resources for the teacher. However,
this requires a teacher comfortable with letting
some of the expertise reside with the student.

Incentives

Programs that seek to involve a large number
of teachers should identify incentives that en-
courage teachers to use technology. Many
teachers will not be motivated by the mere pres-
ence of more technology in their classrooms, but
they can be motivated by a concrete vision of how
it can help them meet their instructional goals. For
example, encouraging teachers to find their own
favorite uses of technology or develop specific
areas of expertise can be an eftective long-term
strategy. As noted above, putting technology in
the hands of teachers can be a good motivator for
teachers. Some districts have given teachers com-
puters as a “reward” for undertaking training.
Sites also have found that they may have to ac-
cept that some teachers will never really become
interested in using technology. An alternative ap-
proach is to focus on gaining the interest and ac-
ceptance of a critical mass of teachers. For
example, the technology coordinator in Bellevue,
Washington, described three types of teachers:
about 10 percent are the self-taught enthusiasts,
highly motivated, who will try anything; about 60
percent are those making “hesitant progress.” who

80 Mergendoller et al.. op. cit.. footnote 3.

81 Firestone and Corbett. op. ¢it., footnote 45, p. 330

like to take the classes and want to participate in
technology in classrooms; and about 30 percent
are resistant, don’t take the class, or come only to
get specific help with a particular problem. To
reach this last group, Bellevue has encouraged
more onsite inservice activities, conducted by a
teacher in the building.80

Administrative and Community Backing

The role of the principal is crucial in promoting
school technology use. Similarly, for technology
to become diffused across a district, leadership by
the central administration, especially the superin-
tendent, is critical. These findings are supported
by the organizational change research, which has
consistently found that change efforts do not
succeed without active administrative leader-
ship, particularly by principals. Research has
shown that leaders perform four important tasks:
“(a) obtaining resources, (b) buffering the project
from outside interference, (c) encouraging staff,
and (d) adapting standard operating procedures to
the project.”8!

Community support and understanding of
the goals of technology use are also critical.
Lessons from experienced sites indicate that with-
out community support and buy-in, many new
ideas fail to take hold in schools. Teachers and
school administrators can educate and convince
the community of the necessity and importance of
their particular educational vision. As one noted
researcher writes:

An essential partner in any kind of education-
al regimen is the community, represented by
many individuals ranging from respected elders
to powerful business people and officials
elected at the local and the national levels. In the
Unitec States today, probably the most impor-
tant agents of change in the community are the
parents, in their dual roles as advocates for their
children and citizens of the society...If {.e
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community fails to support the desires and stan-
dards of school people, the educators are des-
tined to fail.82

# Conclusions About the
Process of Implementation

If there is a single overarching lesson about the
process involved in these efforts it is that effective
technology implementation takes more time
and effort than many anticipate when first un-
dertaking technology initiatives. Based on the
experience of sites visited for this report, and re-
ports in the literature, it appears that five years
may be an appropriate time frame for large-scale
technology infusion. Change is not sudden and
dramatic; it takes hard work on the part of many
people over time to see the benefits of these en-
deavors.

None of the schools or districts portrayed here
has experienced 2 smooth or uncomplicated proc-
ess of technology training and implementation.
Changes have been continually necessary to over-
come unforeseen obstacles, such as staff reassign-
ments, delays in equipment delivery, gaps
between technology knowledge and utilization, or
budget cuts, or to capitalize on unexpected suc-
cess. State, district, and school-technology staff
have continually revised their technology imple-
mentation plans based on evaluation results or un-
expected events.

Some sites have found that small efforts that fo-
cus on one educational need or goal can be an ef-
fective way to get started using technology. For
example, technology implementation in the Mon-
terey Model Technology Schools was instituted
one classroom at a time, based on the teacher’s
Classroom Intervention Plan. Similarly, at Web-
ster Elementary School in St. Augustine, Florida,
teachers with expertise