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The conclusions and recommendations in this report are
those of the contractor and do not necessarily reflect
the views of the National Commission for Employment
Policy or any other agency of the Federal Government.



PREFACE

Computers have been entering American schools at a phenomenal
rate: the number of microcomputers in elementary and secondary
schools increased from fewer than 30,000 in 1981 to more tan
630,000 three years later. This rapid growth led the National
Commission for Employment Policy to ask how computers are being
used in schools, how effective this use is, and what their future
use is likely to be.

Some of the findings in this report indicate that computers
can be effective tools for educating children. To date, however,
their potential is largely unrealized. Schools generally have
not met three conditions which must exist for computers to be
successfully integrated into schools: good advance planning for
computer use, adequate staff training, and high quality software.

Still, there are signs that the situation is changing. Many
school districts and States are now planning how to use computers
effectively and developing training for teachers who will admin-
ister their use. There are also indications that the overall
quality of available software is improving.

The Commission's goal in issuing this report is to encourage
education policymakers at all levels -- including the classroom
teacher -- to continue to move in the direction of effectively
integrating computers into schools. By presenting what is known
about how this equipment is used in schools and the effectiveness
of computers in specific educational contexts, and by transmit-
ting strategies to improve computer use, the Commission is
hopeful that its goal will be met.

This st .y is one of several dealing with the effects of
computer-based equipment on the job market. Other Commission
Research Reports on this topic concern how computers affect the
number and types of jobs that will exist over the next ten years,
and the extent to which youth and adults will have the necessary
education and training that must accompany the successful
introduction of computers into the workplace.

This series of reports was designed by Carol Jusenius Romero,
Sara B. Toye, and Stephen E. Baldwin of the Commission staff, who
are also supervising all aspects of the project. This team
worked closely with TURNKEY in organizing and presenting tr
informat contained in this report. It should be emphasized,
however, Lhdt the factual information discussed as well as the
issues raised do not necessarily reflect the views of either the
Commission or the Commission staff.

The Commission expresses its appreciation to TURNKEY for this
won( and for their good-natured and careful responses to points
raised by the Commission staff.
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EXECUTIVE SUMMARY

In the past ten years, computer use in schools has changed Aramatically.
No longer do schools use computers only to process administrative data. Sincethe advent of the microcomputer, students at all levels have begun to use
computers both as an object of instruction and as a learning tool. This influx
of computers has had, and will continue to have, major impact on many aspects
of school operation, including the uses to which computers are put, student
performance and attitudes, teacher attitudes, and post-secondary education.

It should be emphasized that no responsible researcher or practitioner has
implied that computers will solve our country's educational problems, will
replace good teachers, or are, in any way, an educational panacea. Computers
are to education what they are to other disciplines -- extremely useful tools
for both the management and delivery of services.

A. COMPUTER USE IN EDUCATION

The personal computer is so new that a major 1976 study of computer
activities in schools did not mention the word "microcomputer". By June 1984,
approximately 630,000 microcomputers were in the public schools. Moreover, 98
percent of school districts with enrollments or 600 or more had at least one
microcomputer.

Existing use of computers in schools can be classified into the following
categories:

Computer-Assisted Instruction (CAI), where the student interacts
directly with the computer. The various modes of CAI include drill-and
practice, tutorials, simulations, and problem solving.

Computer-Managed Instruction (CMI), where the computer serves as a
support tool for the teacher and principal.

Education Administrative Applications, including attendance,
.7cheduling, test scoring, data analysis and reporting, and the
development and updating of individualized education plans (IEPs).

Tool Applications / Instruction, including word processing, spread
sheets, graphing, data base managers, etc.

Object of Instruction, including orientation and programming.

Computers, in general, have been used for relatively short periods of time
during the school week. As elementary schools obtain more microcomputers, more
students are given access to them. In secondary schools, on the other hand, en
increase in the number of microcomputers finds more intensive use by
approximately the same number of students. The typical microcomputer is used
in elementary schools for an average of 11 hours per week and in secondary
schools for an average of 13 hours per week. About one-quarter of the
elementary schools and one-fifth of the secondary schools ti;.z, their
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microcomputers for less than one hour per day. Less than one-quarter of thecomputer-using elementary students use their microcomputers for more than 30minutes per week. Even at the secondary level, nearly 40 percent of thecomputer-using students get no more than one-half hour per week of computertime.

Apart from general introductions to computers, programming has been themost prevalent computer activity in secondary schools. In elementary schools,drill-and-practice has been the most often employed application omicrocomputers.

In the late 1970s and early 1980s, the ivitial use of microcomputers inpublic schools was essentially a "grass roots" movement led by school staff --especially science and math teachers who were computer buffs. This movementhas, in recent years, been bolstered by parents who want ti:eir children to haveaccess to computers in school. Throughout the 1980s, educational use of
computers has also been significantly influenced by vigorous promotion through
advertising in education journals and conferences and by the rapid decline incost of hardware in relationship to computing power. During the last twoyears, state education agencies have increasingly encouraged the use of
microcomputers in public schools.

Regional differences in computer use appear to be less pronounced than
differences among states. Indeed, such regional patterns are not as noteworthy
as they were four years ago when the north central states had the highest ratio
of microcomputers to students. State-level policies have influenced the use of
microcomputers at the local level, especially in states where the state
education agency has a traditionally centralized role in areas such as
certification, state-wide purchasing, textbook adoption, and state-wide
telecommunications.

In the last four years the computer gap between poor and wealthy school
districts seems to have decreased. It is not clear, moreover, to what extent-- or, indeed, whether there are current differences between wealthier and
poorer districts with regard to the presence of computers. While some research
indicates that wealthier districts are much more likely to have microcomputers
than poorer districts, other studies suggest that disadvantaged students in
schools which receive money under Federal programs had more access to
microcomputers than did students in schools not receiving Federal aid.

The equltylaccess issue is evolutionary; some believe it is in a
transition phase today and may, over time, resolve itself. Paradoxically,during the late 1960s computers were looked upon as a means to provide quality
education opportunities for all students. Now, because of the availability c
computers in wealthy schools and in homes of middle- and upper-income familiP:,t,the limited availability of technology has become an issue itself.

Some of the best documented differences in the use of cutputers in
education are those between urban and rural districts. Many rural v47tricts
can not support quality progams in some areas because of the lack of
specialized teachers, high teacher turnover rates, and great din'ncs between
schools. Computers, in combination with telecommunications techa.'(Aies, have
proven to be extremely valuable in addressing these rural needs,. Urban school



systems often face technology-related issues which are vastly different fromthose of rural schools. Instructional use of computers in urban schoolsfocuses primarily on the computer as the object of instruction. Moreover,existing bureaucratic infrastructures in urban school districts have often madeit difficult for them to implement new microcomputer functions.

The use of computers has been greater in special education than in theother "thin" educational markets (e.g., bilingual education, vocationaleducation). As many as 150,000 microcomputers are being used in specialeducation and gifted-and-talented programs for a combination of instructionaland administrative functions. Several factors have contributed to the rapidincrease in the instructional and administrative use of microcomputers in
special education:

1. passage of the Education for All Handicapped Children Act;

2. increased attention from private courseware developers, electronic
publishers and equipment vendors;

3. potential econumies resulting from the high costs of providing
services to handicapped students;

4. heightened pressure from parents who are becoming more aware of the
availability of adaptive devices for handicapped students; and

5. significant emphasis from the U. S. Department of Education.

Approximately 80,000 microcomputers were being used for vocational
education in public schools and in vocational tech centers during the 1983-84
school year -- only about ten percent of total education use. In terms of
vocational groups, microcomputers were used most intensively in business
education, industrial/technical education, and agricultural education. Most
experts believe computer use in vocational education will continue to be lower
than in education generally.

Relatively little is known about the current use of computers in bilingual
programs or education programs for students with limited English proficiency
(LEP). Introductory computer courses for LEP students are, for the most part,
provided at the junior high and senior high levels. While some schools teach
computer programming, most downplay the need for computer programming and focus
upon orientation, awareness, and application. Most introductory computer
courses and CAI applications occur in the areas of math and science.

It is projected that the number of microcomputers in public schools will
grow to nearly three million by 1990 and that, by the end of the decade, anr'ial
school software sales will surpass annual hardware sales to schools.

Future computer use in schools depends on the degree to which school
decision makers take the necessary initiatives to use technological advances
effectively. Virtually all experts agree that the initiatives with the
greatest potential impact are:

-3-
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Active Planning -- For technology to be used effectively in schools,
its implementation must be systematically planned.

Comprehensive Staff Training -- Training of teachers and administrators
must cover the broad spectrum of technology issues and must focus on
individualized instruction.

Centralized Control -- The convergence of telecommunications and
computers suggests that the full benefits of technology can best be
realized through more centralized control of computer operations.

Institutional Reform -- Other institutional changes, including
incentives for staff productivity, flexible scheduling, and revised
staff certification will greatly enhance the probability of effective
computer use in schools.

B. PERFORMANCE EFFECTS

The effects of computers on student performance and attitudes are
surrounded by a number of complex issues relating to teachers' attitudes toward
technology, the quality of educational software, and the implementation
variables associated with adopting CAI and CMI in schools. In addition, the
growing educational use of home computers appears to be having an impact upon
computer use in schools.

Although the availability of hardware is rapidly increasing, student
contact time is increasing at a slower pace. The typical elementary school
student spends only about 20 minutes per week on a computer; the typical
secondary student spends about 45 minutes per week on a computer. One reason
for this apparent lack of use is that only a small percentage of the teachers
in microcomputer-using schools are using the hardware. In most schools, only
one or two teachers are regular users of computers. It is generally agreed
that more time leeds to be spent on any learning task to produce a positive
effect on skills or knowledge mastered. Thus, the amount of time a student
spends on CA1 may have a considerable effect on the benefits received. Some
experts believe that using the computer for 26 minutes per week is so brief as
to make little difference in learning outcomes.

Within local school districts, there are noticeable differences in
computer use by grade level. Sixty-four percent of the elementary schools use
computers to teach computer literacy or computer science compared with 85
percent of the secondary schools. On the other hand, the use of
drill-and-practice at the elementary level exceeds its use at the secondary
level -- 59 percent to 31 percent.

In general, elementary schools use computers most frequently in math,
followed by language arts, reading, computer programming, social studies,
science, and art. Math use has ranked highest over the last three years, but
use in reading and language arts has increased. Secondary schools use their
computers most frequently in computer science, followed by math, business
subjects, and general science.



A movement which is paralleling efforts of schools to use computers to
enhance instruction is the use of home computers by parents to improve the
education of their children. Educational use of the computer in the home is
rapidly approaching the more common entertainment uses. Home computers could
increase the achievement gap between middle and lower income groups. If the
growth in home computers continues, it is likely that parental pressure for
cooperation between school and home computer-based instruction will continue to
increase.

There is substantial evidence that computer-based education can have
important positive impacts on both the performance and attitudes of specific
types of students under certain conditions.

When compared to traditional instructional approaches, computer-based
instruction has been found to reduce substantially the amount of time needed
for the aver age student to master similar objectives. Findings from
investigations at both the elementary and secondary levels reach similar
conclusions. Younger students appear to complete material faster on computers
than off -- occasionally as much as 40 percent faster. Secondary students
showed savings in time for student learning of as much as 88 percent.

Positive effects of computer-assisted instriv,tion (CAI) have been found in
such pervasive areas as student achievement, attitudes, and social relations.

CAI provides students with individualized instruction which they often
fail to receive in a large classroom setting.

The subject areas where CAI is most effective are: science and foreign
language, mathematics, and reading/language arts.

CAI appears effective when aimed at specific student body groups (e.g.,
high- or low-achieving students); however, lower achieving students
require a longer period of time with CAI than do average or
above-average students.

When CAI is fully integrated into the curriculum, it is more effective.

Positive effects increase when the proper setting and scheduling are
established (i.e., flexible scheduling, effective teacher training,
principal support, individualized pacing).

Student attitudes toward CAI and familiarity with it have a substantial
effect on CAI's usefulness.

In general, it appears that well-implemented CAI programs consistently
produce statistically significant achievement gains when compared with control
groups and/or previous learning rates of student t.,

Computer-managed instruction (CMI) has also shown many positive effects.
Indeed, many CAI applications are supplemented by such CMI applications 61,3

student program monitoring. A form of individualized instruction, CM1 (when
usJd iirectly with students) allows learners to pace themselves, work
indepenlently, and make their own choices. Because children in the elementary

-5-
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grades may not have developed the skills and motivation for these requirements,
computer-managed instruction has had the greatest impact at the higher grade
)evels.

Teachers' attitudes toward computer-based instruction and management have
Loplications not only for how computer-based instruction will affect students
but also how teachers could influence the design and development of programs by
the software publishing industry.

Teachers' attitudes toward the use of computers with low- achieving
students are t;oically positive when implementation effor.s occur in an
organized manner. Although some school staff can initially be intimidated by
the presence of new computer equipment in classrooms, their attitudes often
become more positive with time. Teachers and administrators tend to view
computers in a positive light when computer-based learning packages are
integrated with regular curriculum materials. There is emerging evidence that
educators' attitudes are moving in a positive direction and seem to be related
to exposure and familiarity with computers.

Current research findings clearly indicate that computer-based instruction
can increase student achievement in certain areas when quality courseware is
used and when the programs are planned and implemented in an effective manner
by school staff.

It can be anticipated that, in the next few years, the use of computers
will have a number of importantieffects on the performance of students:

1. In the last third of the decade, the relative effectiveness of
computer-assisted instruction will increase dramatically in
well-implemented instructional interventions with specific populations.
As sophisticated courseware simulations, particularly at the secondary
level, become a'- ailable during the last third of the decade, students,
parents, teachers, and administrators will realize the opportunities
technology provides for performance-based measures of student mastery of
c-ncepts, critical thinking skills, etc. By the end of the decade,
measures of student performance will become performance- or skill-based,
using the computer to assess skill mastery.

2. Positive student attitudes will deteriorate over the next few years as
the novelty effect of the computer wears off. Student attitudes toward
computer- assisted instruction in the long run will be a function of the
quality and type of software that is available in schools. Indeed,
attitudes toward school-based CAI among students, who have access at home
to more varied and higher quality software, may deteriorate for at least
two years, until higher quality software becomes accessible and affordable
to schools.

3. By the end of the decade the ratio of microcomputers to students will
be as high as one computer for approximately 20 students. This ratio
will, however, become less meaningful, as the computer itself will become
relatively transparent in telecommunication and videodisc configurations
and as students have greater computer access in other environments.
Student time usage patterns will be considerably different from those



currently observed in schools. The distinction between formal education
and informal learning will become blurred as students will increasingly
have access to computers both during school hours and after school.

By the end of the decade, the nature of the equity problem will be more
qualitative (e.g., the types of courseware available to certain groups) than
quantitative (e.g., numbers of students with access to computers). Although
the numbers of students using computers will give the appearance of "equal
access time", a more subtle form of inequity may exist with computer technology
and applications highlighting unequal treatment of students. Examples of such
imbalances are: (a) limiting slower students to using only drill-and-practice
software and not exposing them to mare sophisticated learning activities; and(b) the low proportion of cultural minorities and limited English proficiint
(LEP) children who use computers for learning activities.

If effective implementation of computer-based education is to occur, the
general perception of the teacher's role will have to change from that of a
deliverer of instruction to one of a manager of the learning process. During
the remainder of the decade, as a result of state or district policy,
technology will be viewed as an element of staff productivity. It will be
increasingly used to measure and evaluate staff performance as a basis for
career ladder schemes (including merit or incentive pay) presently being
planned or implemented in approximately 25 states. Concurrent with this role
change will be increased staff differentiation with specialized roles for
aides, "media planners", and new positions which will emerge.

C. COMPUTER LITERACY AND POST-SECONDARY EDUCATION

Both the concept and definition of computer literacy hEve changed
dramatically during the last eight years and can be expected to continue to
change over the next decade. Moreover, the concept of "computer" 1;teracy will
be replaced by "technology" literacy as the distinctions among computers,
telecommunications, and other information technologies blur. The factors
responsible for the changing nature of the concept include the following:

advances in hardware technology;

improvements in software, which expand their range of applications and
their ease of use;

maturation of school staff and students in the use of computers;

the osmotic effect of the increasing proliferation of microcomputers in
business, homes, and society generally; and

policy initiatives undertaken by state education agencies in the area
of accreditation and suggested/mandated competencies for students as
graduation prerequisites.

In 1977, fewer than ten school districts had formal computer literacy
courses with guidelines and objectives organized in a structured curriculum.
In recent years, a number of states have begun to address the concept of
computer literacy from a policy perspective and to influence local



implementation of computer literacy courses through guidelines, standards, andgraduation requirements. Although schools are being encouraged to standardize
computer literacy, the establishment of specific computer literacy standardsassumes that computer-related technology is static. Policy makers need toaccept the changing nature of the technology and to develop practices.
consistent with adaptation to change.

At present, only a lei dozen universities are actively placing computersin the hands of students; hundreds more are exploring such pcssibiiities.Because high school seniors are increasingly Deing prepared to use computers,they are demanding more ready access to computers in college. Many collegeshave plans to create networks of microcomputers on their campuses in order toincrease the computing power available to students and to increasecommunication among students and faculty.

It is difficult to assess the number of college departments that nowrequire computer-related skills for entrance. Some research indicates thatcomputer-related entrance requirements do exist for some departments withincolleges; however, overall admission requirements are far less likely to occur.Most institutions require neither a knowledge of the history of computers andtheir social implications, nor an ability to write programs. This is congruentwith the changing definition of computer literacy occurring in elementary andsecondary schools. post institutions believe that incoming college studentsshould have improved backgrounds in reading, writing, and mathematics skills.

In addressing the national concern about the quality of post-secondary
education, many educators and representatives from business and inaustry viewthe computer as basic to an understanding of the full range of procedures thatmay be applied to organizing information and solving problems in diversefields. Future college students will profit from preparation that reflects thebroad and changing application of computer technology, including:

a basic knowledge of how computers work and of common computer
terminology;

some ability to use the computer and appropriate software for:

self-instruction;
collection and retrieval of information;
word processing (including the development of keyboard, composition,
and editing);

modeling, simulations, and decision making; and
problem solving, both through the use of existing programs and
through development of one's own programs;

an awareness of when and how computers may be used in the academic
disciplines and various fields of work, as well as in daily life; and

some understanding of the problems and issues confronting individuals
-- and society generally -- in the use of computers, including the
social and economic effects of computers and the ethics involved in
their use,

8-
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The number of computers for student use at institutions of higher
education are likely to increase as rapidly as they are in elementary and
secondary schools. The requirement that college students be able to use
computers is unlikely to be reflected in admission policies; rather it will be
manifest in policies that encourage students to use microcompters in their
studies.

D. POLICY ISSUES

As the growth of computer technology continues, Federal, state, and local
officials will face a number of important policy issues. Among the strategies
that might be useful in addressing these issues are:

encouraging effective use of computers in education through
dissemination of information on effective use (including research
findings apj exemplary practices) and targeting such use on specific
student populations;

ensuring the availability of software by .supporting software
development and facilitating the aggregation of markets which, by
virtue of their small size, cannot support such development on their
own;

addressing the problem of equal access to computers by carefully
studying any imbalances which exist and targeting initiatives on
special needs population;

expanding staff development and training through a combination of
extensive new training initiatives and enhanced existing programs; and

fostering enlightened debate on the meaning and importance of computer
literacy.



I. INTRODUCTION

In the part ten years, computer use in education has changed dramatically.
No longer do schools use computers only to process administrative data. Since
the advent of the microcomputer, students at all levels have begun to use
computers both as an object of instruction and as a learning tool.

In 1981, there were fewer than 30,000 microcomputers in America's schools.
By 1984, there were more than 600,000 and by the end of the 1984-85 school
year, the number will go over one million. It is expected that, by the end of
the decade, nearly three million microcomputers will be used in our nation's
schools.

This influx of computers has had, and will continue to have, a major
impact on many aspects of school operation, including the uses to which
computers are put, student performance and attitudes, teacher attitudes, and
post-secondary education. This study has attempted to document these impacts
and project future effecta, through comprehensive review of existing research
and through consultation with a panel of highly respected experts. Appendix A
summarizes the project's methodology and lists the Expert Panel (whose opinions
are frequently cited in this report).

This project has not involved the conduct of new research. Rather, its
goal has been to review and synthesize relevant research from a wide range of
sources and to draw appropriate conclusions from it. Because of the rapid pace
of technological change, research often becomes outdated before its findings
can be published. As a consequence, much of the existing research is based on
hardware not representative of current technology. Nearly all studies of
educational computing more than four years old investigated programs using
large, mainframe computers. While such research can provide some interesting
data, it does not yield much detailed information on educational capabilities
of today's smaller, more powerful, and more student-controlled microcomputers.
Similarly, current software provides a range of computing capabilities not
readily available only a few years ago. Thus, it was found that different
researchers often studied substantially different things. Some studies
addressed on2y computer-assisted instruction (CAI), while others considered a
broader spectrum of educational computer applications. The resolution of such
non uniformities and conflicts was achieved through the technical judgment of
the project team, advice from the Expert Panel, and consultation with NCEP
staff.

The changing nature of the technology has made it difficult for
researchers to conduct the kind of studies which would demonstrate
relationships between school computer use and such factors as student
performance, staff attitudes, cost savings, college admissions, and
post-secondary employment. Indeed, some research suggests that positive
results in computer-based educational programs are, in large part, attributable
more to careful planning, staff training, and structuring of the curriculum
than to the computer itself. Many of the conclusions drawn in this report are
based vnon proxy measures and the reasoned judgment of the project team and the
Expert Panel.



It should tie emphasized that no responsible researcher or practitioner hasimplied that computers will solve our country's educational problems, willreplace good teachers, or are, in any way, an educational panacea. Computersare to education what they are to other disciplines extremely useful toolsfor both the management and delivery of services.

Chapter II of this report presents a detailed discussion of computer usein public schools. It describes the characteristics of classroom computer use
-- by function, by subject, by type of user, and by target population -- andprojects the ways in which computers will be used in schools in the comingyears. Chapter III explores the effects of computers on students and teachers,
addressing the contrasts between computer-assisted and computer-managedinstruction. Chapter IV examines the concept of computer literacy and itsimpact on students' prospects for post-secondary education. The fifth andfinal chapter summarizes some of the policy issues which surround educationalUses of computers.



II. COMPUTER USE IN EDUCATION

The number of computers in America's schools has increased greatly inrecent years and will grow even more in the years to come. This chapter of thereport resents information on the use of computers in elementary and secondaryeducation. Specifically, this chapter has two sections: the first describingcurrent computer use in education and the second projecting future use.

Data presented in this chapter have been gathered from a wide range ofexisting research sources, including dozens of research, marketing, anddevelopment reports. .While we have taken great care to verify the accuracy andavailability of data, we recognize that, for variety of reasons, definitivestatistics are often elusive. Among these reasons are: (a) the rapid rate oftechnological and market changes that can make even the most carefully
researched data obsolete after only a few months; (b) survey data on computersoften use different definitions; and (c) because of decentralized purchasingand outside contributions of hardware and software, school officials often donot know how es-Aing equipment is being used.

A. CURRENT COMPUTER USE

This section summarizes various important elements of the current uses ofcomputers in education. Specifically addressed are the extent and nature of
schools' use of computers, factors influencing current computer use, aspects ofdecision making regarding computer use, and differences in computer use among
different types of schools and school settings.

1. GENERAL EDUCATION

As used in this report, the term "general education" refers to all
education programs operated by public schools; within this general category are
education programs for special needs populations. It represents the largest
component of school activity and has, therefore, felt the greatest impact oftechnology.

a. Current Computer Use

The personal computer is so new that a major 1976 survey of computer
activities in schools did not mention the word "microcomputer"). By June 1984,
approximately 630,000 microcomputers were in the public schools.2 Moreover, 98ptrcent of school districts with enrollments of 600 or more had at least one
iticrocomputer.3 While these numbers are impressive, they tell us very little
about how the machines are used or how well they are used. Only by delving
deeper into the subject is one able to develop a picture of computer use. Thissection will review the ways computers are used in the schools and the extent
of these uses.

Existing use of computers in schools can be classified into the followingcategories:

Computer-Assisted Instruction (CAI), where the student interacts
directly with the computer: The various modes of CAI include
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drill-and-practice, tutorials, simulations, and problem solving. CAIcourseware can be used to: (a) supplement regular instruction; (b)provide enrichment (e.g., educational games) for students; and (c)provide partial or total curricula in content areas where CAI is usedin lieu of conventional basal text and curriculum materials.

Computer- Managed Instruction (CPI), where the computer serves at asupport tool for the teacher and principal: CMI systems can providethe following capabilities: diagnose learning difficulties, prescribeappropriate learning materials and activities; monitor student progressin small group or individualized
learning situations, generate andscore tests for individual students, manage the curriculum process forindividual students, and provide reports on individual students orgroups of students. Most CAI curriculum'packages

are augmented by CMIsystems.

Education Administrative Applications, including attendance,scheduling, test scoring, data analysis and reporting, and thedevelopment and updating of individualized education plans (IEPa)required by law for handicapped students. While many educationadministrative applications on mainframe computers are relativelycomprehensive, including two or more of the above functions, most ofthe administrative applications on microcomputers are single purpose.

Tool Applications/Inbtruction, including word processing, spreadsheets, graphing, data base managers, etc.

Obj-ct of Instruction: In many introductory computer courses whichfocus primarily on awareness and orientation, a computer may not berequired; however, in situations where such courses include computerprogramming, computers are often required for hands-on experience andprogramming. The concept of computer literacy is addressed in detailin Chapter IV.

Presented below is a discussion of each category of educational computer use.

During the early 1980s, virtually all commercially available coursewarewas used for computer-assisted instruction in a drill-and-practice mode.Nearly 85 percent of the courseware was supplemental; only a few commercialpackages were curricular in nature (e.g., PLATO, Computer CurriculumCorporation), mostly in mathematics. Of the 7,000 courseware packages recentlyevaluated by Educational Products Information Exchange (EPIE), 75 percent wereclassified as drill-and - practice; approximately five percent were considered tobe simulations and tutorial.

Computer-managed instruction represents only ten to 20 percent of currentcomputer use in schools. While CMI represents a cost-effective use ofcomputers at the present time, its use lags CAI and introductory computercourses largely because of: (a) the amount of staff training in individualizedinstruction techniques required for effective use; (b) greater vendoradvertising of CAI because of the larger potential market; and (c) the lack ofcommercially available comprehensive CMI packages. Since the beginning of1985, however, several major publishers have announced new "textware" packages
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which incorporate both management and instructional components into basal text
series.

Administrative uses of microcomputers have only recently begun to emerge
as software becomes available and school data processing units accept
microcomputers. Indeed, approximately 80 percent of existing administrative
applications are of a single purpose nature.)

Computer use in tool applications increased dramatically in 1984. The
first state-wide purchase of software in the country was a secondary-level tool
application package in West Virginia. A recent survey of deaf-blind
institutions indicated that word processing packages were the most widely used
software among the sample of schools.6

Perhaps the greatest current use of microcomputers in education is in
classes where the computer itself is the object of instruction. At the
elementary level, most teachers indicate that their purpose for having a
computer in the classroom is to teach students how to use computers, as much as
it is to use computers as an instructional tool.

The most comprehensive study? of the extent of computer use in schools
indicated that the machines, on average, were used for relatively short periods
of time during the school week and per student. This study further indicated
that, as elementary schools obtain more microcomputers, more students are given
access to them. In secondary' schools, on the other hand, an increase in the
number of microcomputers finds more intensive use by approximately the same
number of students. It should be emphasized that much of these data are at
least two years old and may not reflect the changes wrought by the great influx
of microcomputers into the schools since 1982.

This survey of computer use during the 1982-83 school year found that at
the elementary level, the average microcomputer is used by students or teachers
for 11 hours per week and 13 hours per week at the secondary level (out of a
school week which is typically 30 hours). Estimates of student use do not
include use of the equipment to play games unrelated to classroom work.
Exhibit II-1 shows the intensity with which the typical microcomputer is used
each day in elementary schools. As Exhibit II-1 shows, about one-quarter of
the elementary schools and one-fifth of the secondary schools use their
microcomputers for less than one hour per day.

Similar data for student microcomputer use, as depicted in Exhibit 11-2,
show that less than one-quarter of the computer-using elementary students use
their microcomputers for more than 30 minutes per week. Even at the secondary
level, nearly 40 percent of the computer-using students get no more than
one-half hour per week of computer time.

Exhibit 11-3 indicates the median amount of time students spend on various
computer activities in which they are involved. Apart from general
introductions to computers, programming has been the most prevalent computer
activity in secondary schools. In elementary schools, drill-and-practice has
been the most often employed application of microcomputers.



EXHIBIT II-1

INTENSITY OF MICROCOMPUTER USE*
NUMBER OF HOURS
MACHINES USED

MORE THAN 5 HOURS PER DAY

3.1 TO 5.0 HOURS PER DAY

1.1 TO 3.0 HOURS PER DAY

ONE HOUR PER DAY OR LESS

ELEMEUTARY SECONDARY
SCHOOLS SCHOOLS

13% 20%

25% 21%

36% 39%

26% 20%

EXHIBIT 11-2

STUDENT MICROCOMPUTER USE

NUMBER OF HOURS
STUDENTS SPEND

MORE THAN ONE HOUR PER WEEK

31 TO 60 MINUTES PER WEEK

16 TO 30 MINUTES PER WEEK

15 MINUTES PER WEEK OR LESS

ELEMENTARY SECONDARY
SCHOOLS SCHOOLS

2% 37%

21% 26%

45% 15%

32% 22%

EXHIBIT 11-3

STUDENT MICROCOMPUTER ACTIVITIES*

ACTIVITY

IN TO COMPUTERS,
PROGRAIVAING, ETC.

DRILL -AND-- PRACTICE 13 17

NUMBER OF MINUTES PER WEEK (MEDIAN)

ELEMENTARY SECONDARY
SCHOOLS SCHOOLS

19 55

GANES, ENRICHMENT

TOOL APPLICATIONS

12 11

30

limmm.... ,IpmessimimmINOMMM
*Source: "School Uses of Microcomputers: Reports From A National Survey",

Henry J. Becker, The Johns Hopkins University.
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In sum, available data indicate that there are a large number of computers
in the schools, that they are used for various purposes, and that they are used
relatively little per week and per student. Whether the extent of use has
changed in the past few years is as yet undocumented.

b. Factors Influencin Commuter Use

In the late 19705 and early 1980s, the initial use of microcomputers in
public schools Was essentially a "grass roots" movement led by school staff --
especially science and math teachers who were computer buffs. This movement
has, in recent years, been bolsterid by parents who want their children to have
access to computers in school.° Throughout the 1980s, educational use of
computers has also been significantly influence' by vigorous marketing by
hardware vendors and a spate of electronic education. Journals and conferences.
Another factor influencing the growth of computers in schools has been the
increased perception, on the part of school staff, particularly supervisors and
administrators, that the microcomputer will provide them with more control over
their work environment better information and more rapid response times --
than they had previously using time-shared mainframe systems. Perhaps the most
critical factor in the growth of computers in schools has been the rapid
decline in cost of hardware in relationship to computing power (microprocessor
speed and capacity) which has occurred over the last decade.

In April 1984, the National School Boards Association (NSBA), in
collaboration with the National Institute of Education, conducted a survey or
1,000 randomly selected school districts on home and school computer use.9
Although the survey's response rate was only 27 percent, severely limiting the
value of the study, its findings do provide some interesting data. Responses
from high-level administrators and school board members, indicated that the
school district superintendent, school principals, and teachers were believed
by 92 percent of the respondents to be the individuals who most encouraged the
introduction of computers into their school districts. Approximately
two-thirds specified that the school board strongly encouraged the use of
computers, while 60 percent said parents were strong supporters and influenced
the introduction of computers into the schools. Only 20 percent felt the
computer industry Was playing an important role in encouraging the use of
computers in their schools.

During the last two years, state education agencies have increasingly
encouraged the use of microcomputers in public schools. Before 1981, only
seven states had state-wide policies related to education technology. Since
1982, 40 additional states have developed formal policies and initiatives in
one or more of the following areas: (a) staff training -- 47 states; (b)
software evaluation and dissemination -- 31 states; (c) courseware distribution
-- 35 states; (d) dissemination of information -- 40 states; and (e) computer
literacy guidelines or mandates -- 25 states. Examples of state-level policies
that are already having significant impacts on the use of computers at tt.e
school district level are:

state-wide telecommunication systems which will allow for electronic
distribution of courseware (West Virginia, Maryland);

state-wide adoptions and/or subsidized purchases of courseware
(Minnesota, Texas, California)';



state-level policies for CHI which will countervail vendor advertising
for CAI (Georgia); and

state- mandated formats for state and local education reportingnetworks, which will result in greater hardware atandtrdization (WestVirginia, Tennessee).

c. Decision Making/Budgeting

Computer acquisition decisions may have a significant impact on howcomputers are used in schools. In those elementary schools where a group ofteachers led the initial microcomputer effort, microcomputers were used formore hours of the week and had greater use by all types of students (an averageof 43 percent of the students used them). Moreover, the breadth of computerapplications was greater. In contrast, where principals, other administrators,or a single teacher were mainly responsible for computer implementation,
typically qnly 15 percent of the student body used the computers during anygiven week.0

Prior to 1981, more than 60 percent of school technology purchasedecisions were made or strongly influenced by individual teachers and other keyschool-level staff. la Once again, this is a reflection of the grass rootsmovement in motion at that time. By 1983-84, the decision-making process hadchanged dramatically. Microcomputer hardware purchasing is definitelycentralized in the majority, of cases.12 In 1983, 55 percent of the localschool districts surveyed indicated that purchasing was conducted throughdistrict-level. bids and 23 percent of the districts were involvA in statebid/purchase situations. Prom the district supervisor's viewpoint, only 18percent of the districts indicated that individual teachers or principalscontrolled microcomputer purchasing. Regardless of the level of decisionmaking, approximately 80 percent of all hardware purchased by public schools in1982-83 was directly from computer stores and retail outlets.

On the othfer hand, in 56 percent of the cases individual teachers
recommend software for purchase at the district level. Selection and purchasedecisions for different types of education sc%ware vary. For example, in1982-83, most administrative software, including word processing and spreadsheet packages, were bought at the district level while most of the curricular
courseware and some of the supplemental courseware were purchased by decision
makers at the building level.

Although school districts are spending less than one percent of theirper-pupil expenditures on hardware, it is not clear how much computer fundingis "new money" and how much is reallocated from other functions. Schoolsappear to be getting outside support for software purchasing. In 1983, Federalfunds (primarily Chapters I and II of the Elementary and Secondary Educatl(41Act) accounted for 24 percent of schools' software budgets, district monies for49 percent, PTA monies for 14 percent, and other monies for 13 percent. The"other" category included funi raising, donations, and state monies. Indeed,schools are turning more to local resources, including the PTA and the local
business community, for support of the software budget.
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Most school districts treat computer purchases as expenses rather than ascapital expenditures, a tactic which encourages piecemeal procurement. Anumber of districts, however, are using creative financing procedures which maybe harbingers of the future; these include:

Denver (Colorado) city Schools obtained a bank loan to purchase 1,500Apple computers;

Austin (Texas) Independent Schcol District recently purchasedhardware /software maintenance and support as a total package;

Districts in Rhode Island have received a total of $4 million in Statefunds for technology purchases from a State-wide bond issue floated bythe Public Works Authority;

A newly created state-sponsored corporation is being proposed to thelegislature as an agent for the purchase of hardware, provision ofservices, and the development of software for schools in Arkansas; and

The Minnesota Department of Education subsidizes local software
purchasing from "quality courseware lists".

d. Regional/State Differences

Regional differences appear to be less pronounced than differences amongstates. Indeed, such regional patterns are not as noteworthy as they were fouryears ago when the north central states, led by Minnesota, had the highestratio of microcomputers to students. State-wide initiatives undertaken bygovernors or legislatures tend to diffuse these regional differences. Forexample, New Hampshire was ranked lowest in the nation in the number ofcomputers per student a year ago but could, as a result of an initiative
announced by the Governor in July 1984, have the highest ratio within the nextyear.

As noted above, state-level policies have influenced the use ofmicrocomputers at the local level, especially in states where the stateeducation agency has a traditionally centralized role in areas such ascertification, state-wide purchasing, textbook adoption, and state-wide
telecommunications. For example, the nature of computer literacy courses inUtah is strongly influenced by the state-mandated law requiring all teachers tobe certified as computer literate before they can be employed by a localdistrict. The recent state-wide, total-package procurement award to AppleComputer for hardware/software training and support will greatly influence thenature of teacher training and curricula in Tennessee. The state-wideimplementation of the IBM PC distributive network in West Virginia andstate-wide licensing of software has already had a significant impact on school
districts in that State.

e. Socioeconomic Differences

In the last four years the gap between poor and wealthy school districts(as measured by per-pupil expenditures for instructional materials andequipment, revenue raising capacity, and other indicators) has been
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decreasing.13, 14 It is not clear, however, to what extent or, indeed, whether
there are differences between wealthier and poorer districts with regard to the
presence of computers. While some researchers report that wealthier districts
are four times more likely to have microcomputers than poorer districts,15 a
Colorado study found that disadvantaged students in schools which received
money under Chapter I of the Elementary and Secondary Education Act (ESE49 hadmore access to microcomputers than did students in non-Chapter I schools. It
is likely that equity issues vary among states and even among districts within
states. Although virtually every state with established policies on technology
use has considered the equity issue, only a handful have implemented policy
which even tangentially addresses equity issues; these include: (a)
California, which requires microcomputers purchased under the "Apple Bill tax
credit" to be distributed to all schools; ad (b) Georgia, which is formulating
a state aid program which takes into account district wealth.

f. Urban/Rural Differences

Some of the best documented differences in the use of computers in
education are those among urban, suburban, and rural districts. The use of
technology in rural districts has been a target of much research and field
experimentation, primarily in areas-only peripherally related to computers
(i.e., telecommunications). The National Institute of Education (NIE) h's been
active in this area, having sponsored a large experiment involving satellite
broadcasts of instructional television and computer-assisted instruction in
Appalachia and Alaska. Moce recently, NIE commissioned a series of case
studies of computer use in rural districts. These qualitative studies, along
with some survey data gathered by groups such as Market Data Retrieval,
indicate several unique factors associated with current use, diffusion, and
decision-making processes in rural school systems.

While parental pressure has taken over from the teacher "computer buff" as
a major factor influencing the use of microcomputers in urban schools, the
prime movers in smaller rural districts have continued to be computer-buff
teachers and administrators. The costs per pupil in rural districts are
usually higher because fewer children are served; hence, technology is often
more cost-effective than in larger districts. On the other hand, because of
higher per-pupil costs, the availability of any funds to purchase the
technology, even when it is relatively cost-effect!ve in providing a service,
often does not exist.

In many rural districts, technology is perceived to be a means of filling
certain voids. Many rural districts cannot support quality programs in some
areas because of the lack of specialized teachers or high teacher turnover
rates.'? After staff salaries, the largest budget item in most rural school
systems is transportation, an area in which telecommunications (incorporating
microcomputers) offers a serious cost-effective alternative (e.g., home-bound
CAI, ih-service training). Moreover, rural districts often perceive
technology, not as a replacement of staff, but as a means to provide a service
not available through any other means.

A major factor affecting the use of microcomputers in rural districts is
the degree to which certain technologies prove successful in providing
substitute or improved service in states with geographically dispersed
population centers. Computer and audio teleconferencing for in-service teacher
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training has bten'effective and is now commonplace in Alaska.18 Electronicailibulletin boards, operated state -wide in Kansas and Montana, havedemonstrated their value in disseminating information about softwaree valuations, exemplary teaching practices, and other topics to rural districtsin these states.19 In small rural districts, the availability of in-placetelecommunication networks has contributed to high ratios of microcomputers tostudents.

Political factors also play a part in computer adoption in rural areas.Officials in rural districts often perceive technology as means to resistschool district consolidation attempts by state education agencies. Suchconsolidation pressures are often based on the desire to provide a full rangeof education services to all students. If rural school systems can demonstratethat computers and telecommunications are effective in providing certainservices, they will be better prepared to maintain the political and socialintegrity of the school system within their community. In rural schooldistricts, the opportunities for decision making using cost trade-offs areusually greater than in urban districts. Generally speaking, rural districtsare less formal and bureaucratic and are less likely to face rigid teacherunion bargaining agreements than are uran and suburban school systems.

One of the problems confronting rural computer users is the lack ofreadily available maintenance, support, and service. Increased reliability ofhardware and user-friendliness of software have contributed to the use of
microcomputers more in rural than in urban cramunities. Interestingly, manyrural districts have developed their own in-house maintenance and repairgroups. which often include junior and senior high students.

Urban school systems often face technology-related issues which are vastlydifferent from those of rural schools. A survey of approximately 50 core cityschool systems (including such diverse major urban centers as San Francisco,
Dallas, Rochester) identified several of these urban issues."

Instructional use of computers in urban schools focuses primarily oncourses that use the computer as the object of instruction. Fiftypercent of the districts surveyed had at least one introductory
computer course, usually in the 7th through 12th grade; most of the
remaining districts reported they did not have a formal computer
course, but rather that *literacy" (knowledge about computers) wasinfused throughout the curriculum as part of the computer-assisted
instruction plan. All districts had secondary-level computer science
courses, with the average district having seven such offerings.

The number, scope, and variety of administrative applications in urban
districts is much greater than in rural districts. In addition toproviding their own finance, personnel, student record keeping,
scheduling, testing, research, and payroll functions, mans districts
have begun to computerize library books, transportation routes, food
services, curriculum information, and energy use patterns. At the
building level, moreover, as a result of the microcomputer, an increasein the number of administrative applications has occurred as
microcomputers now manage course loads, handle attendance, provide
vocational guidance information, arrange schedules, manage grade
reports, develop IEPs for'special eck.oation students, etc. Moreover.

-20.27



approximately 40 percent of districts with microcomputers are currentlyusing some form of electronic mail; this is projected to increase to 70percent within the next year. Many of these electronic mail systemsinvolve school building to district office networks.

Approximately one-half of the urban districts surveyed have adistrict-wide plan for computer use which has been approved in the lastthree years. Forty percent were in the process of developing such aplan. Unlike rural districts in which most plans continue to bedeveloped by individuals, most urban districts' plans are developed bycommittees comprised of administrators, teachers, parents; andconsultants. While individual computer-buff teachers were, in thepast, instrumental in initial introduction of microcomputers in urbandistricts, the evolution of broad-based committees have more recentlyhad a significant influence on school decisions.

An important factor in the current use of microcomputers in urbandistricts relates to the bureaucratic structures of these districts andthe prior existence of computer-based infrastructure. Whereas alleducational technology historically had been handled by the schooldivisions dealing with finance or data 'processing, more than 60 percentof the districts had one office primarily related to computers used indata processing, finance, payroll, and personnel and a newly createdoffice with primary responsibility for instructional technologypurchasing, in- service' training, etc. Only 21 percent of the districtsstill had just one division responsible for computer use, whileapproximately 17 percent had three or more such divisions. Inapproximately 70 percent of districts, the type and brand of hardwareand courseware to be purchased is managed at the central office; in 30percent of the districts, individual school principals make mostpurchasing decisions. Only 20 percent of the districts require centraloffice approval for specific brands of courseware. 'Mir; represents asignificant loss of authority for many entrenched data processing
bureaucracies and is the source of considerable political infightingwithin these districts. The existence or lack of clearly delineated
decision-making roles and responsibilities in urban districts has hadan impact on the nature and extent of computer use in schools.

2. SPECIAL EDUCATION

For purposes of this report, the term "special education" meansspecialized instruction given to students who are in some way handicapped orexceptional (e.g., learning disabled, educable mentally retarded, gifted endtalented).

The use of computers has been greater in special education than in theother "thin" educational markets (e.g., bilingual education, vocationaleducation). One estimate of the number of microcomputers used in specialeducation du-ing the 1982-83 school year was approximately 25,000, of which10,000 were used primarily for administrative purposes and 15,000 forinstruction. It was projected that 150,000 microcomputers would be used inspecial education by 1985-88, with approximately 85 percent used primarily forinstruction and 15 percent for administration.22 Recent estimates indicate

ti
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that, by the end of 1984, almost 150,000 microcomputers were being used inspecial education and gifted-and-talented programs for a combination of
instructional and administrative functiona.23,

A 1982 survey indicated that approximately 80 percent of all, computeradministrative applications in special education were of a single-purposenature.25 Ninety-four percent of the districts sur'eyed used suchsingle-purpose packages for student attendance and enrollment, while 45 percentused them for student tracking; only 12 percent used them for assessment. Lessthan 20 percent of the packages were comprehensive (e.g., multipurpose); !yet 80percent of the respondents indicated a need for such multipurpose,
comprehensive packages. In a later study, 45 percent of the respondents stated
their district plans called for an increased use of microcomputer technology in
both special education administration and instruct an, with a large majority
recognizing the need for multipurpose administrative packages.26

Instructional applications for special education students have beenlimited, until recently, by the lack of commercially available courseware.
Approximately 60 percent of courseware used in special education is primarilydrill-and-practice. However, special educators have expressed a strong needfor simulations and tutorial type programs for introducing concepts. Highdemand subject areas include reading and language arts, computer literacy, andsu-vival skills. In these areas, only about 15 percent of general educationcourseware could be used with special education populations.27 Within the 1.styear, however, a number of publishers have announced new courseware products
which are modifiable or adjustable by special education teachers for use with
specific populations. For example, in approximately 100 new courseware titles,
teachers can adjust response times, change word lists, etc. to suit slower
learners. Recent research findings indicate tha adjustable courseware is
critical for certain special education populations.2

Several factors have contributed to the rapid increase in the
instructional and administrative use of microcomputers in special education:

1. In 1975, passage of The Education for All Handicapped Children Act
(P.L. 94-142) required: (a) the development of individualized education
programs (IEPs) for each special education student; (b) detailed student
processing and procedural safeguards to which each sprcial education
student is entitled; and (c) increased reporting requirements at both the
local and state levels. As a result of the procedural safeguards and
administrative processing requirements mandated by law, the microcomputer
was perceived to be an important administrative tool which could reduce
staff time and paper work. Indeed, recent evaluations of the use of
administrative and IEP development packages indicate that, in several
sites, staff time in developing and updating IEPs has been reduced by a
factor of ten.299 30 By requiring an IEP for every child, the law also
generedes a demand for instructional management applications to monito"
individual student progress at various levels.

2. Once considered a thin market, special education has received
increasing attention from private courseware developers, electronic
publishers, equipment vendors, and others. There has been a significant
increase in Federal, state, and local expenditures in special ....ducation in
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recent years -- from approximately $4.6 billion in 1976 to an estimated$12 billion in 1983, to a projected $15 billion in 1985.31 One estimatesuggests that expenditures for special education instructional equipmentand aterials will jump from $360 million in 1982 to $650 million in1985.52

3. There has been growing recognition of the high costs of providing
services to handicapped students. The costs of administrative processingand .overhead for handicapped students are approximately $500 per yearcompared to $200 per year for a nonhandicapped student. These figures donot include an additional $200 to $300 per pupil for IEP development andassessment.33 To meet the demand for reducing these costs, there areapproximately 80 commercially available administrative/IEP developmentpackages presently available on microcomputers for use in specialeducation.

I. There has been, increasing pressure from parents who are becoming moreaware of the availability of adaptive devices for. handicapped students.In some instances, parents and civil rights lawyers have pressured schoolsto purchase adaptive devices which would allow sight or hearing impaired
students to have equal access to computer-assisted instruction. The costof many such adaptive devices has dropped dramatically in the last threeor four years.

ft

5. The U. S. Department of Education has implemented a strategy
specifically focusing upon technology use in special education. TheOffice of Special Education Programs strategy consists of severalcomponents: (a) funding of several million dollars of projects designedto adapt regular education courseware to meet the needs of special
education populations; (b) a large-scale technical assistance effort toassist state and local education agencies in planning for the use oftechnology; (c) est.blishment of several information clearinghouses anddata bases on special education software evaluation and related issues;and (d) its Market Linkage Project which is designed to facilitate
effective communications between developers and marketing and distributiongroups to subsidize some of the costs of publishers and distributors.

3. VOCATIONAL EDUCATION

Unlike existing data bases on microcomputc-s in special education, thereis virtually no nationwide information on the current use of microcomputers invocational education. The best available data are from a survey of schools insix north central states. Before reviewing the findings, two caveats are inorder. These states generally have higher student participation rates invocational education than other regions of the country aqd they have
traditionally been the most active in computer use in educatior.,34 Therefore,it follows that this region of the country may well have a higher degree of
computer use in vocational education then other areas of the country.

It is clear from the survey that more microcomputers are interfaced with
mainframes in vocational education than in general education. In addition,
approximately 25 percent of the resrrndents indicated they were using local
area networks of computers, with another 25 percent actively considering such
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networks. In most instances, the local area network being used was at theclassroom or building level, rather than throughout the school district or incombination with intermediate units.

In the administration of vocational education, the greatest use was in thearea of word processing (57 percent of responses); data base applications andfinance/accounting were about equal (46 percent); followed by analyses andspread sheets (ill percent.) . Electronic mail use was reported in about tenpercent of the responses.

In the instructional area, 72 percent of the respondents indicated. thatmicrocomputers were being used for teaching word processing, followed bycomputer-assisted instruction (66 percent); data base management (52 percent);educational simulations (53 percent); test generation (44 percent); andcomputer-managed instruction (33 percent). The extensive use of microcomputersto generate and score tests was much higher than in general education orspecial education, reflecting the general use of competency-based education andtesting in vocational education. CMI applications and educational simulationswere also used more in vocational education than in general education as areeducational simulations.

Microcomputers were also used it, counseling, placement, and support areas.They were used as part of occupational information systems in approximately 54percent of the sites, while a lesser number (33 percent) used them incounseling, and a still smalleg percentage for job placement (23 percent).

In terms of vocational groups, the survey found that .microcomputers wereused most intensively in business education; the leading business educationcategories included data processing, word processing, accounting, andbookkeeping.. Industrial/technical education constituted the second highestapplications group; applications of high use included electronics, computergraphics, computer technology, and robotics. Following this group wasagricultural education, in which farm, management and accounting was cited asthe highest application, followed by financial projections and crop management.Other occupational areas with some degree of instructional computer useincluded home economics, distributive education, and health occupations, inthat order.

Within the size and geographic limitations of this survey, somegeneralizstioni can be made. Although computer use in these states isgenerally not representative of the nation as a whole, it can be used toformulate an upper-bound estimate of the number of computers in vocationaleducation. Such an estimate would indicate that approximately 80,000microcomputers were being used for vocational education in public schools andin vocational tech centers during the 1983-84 school year.

Current studies indicate that the increase in computer use in vocationaleducation will be lower than that in education generally. An importantsoftware consideration which will have an impact on future computer use invocational education is the ease with which courseware developed for industrialor military training can be "transferred" to vocational education programsettings. From survey results, it is clear that a large number of vocationaleducation programs are using instructional packages originally designed for usein industry.
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Another factor which affects the use of microcomputers in Vocationaleducation is the degree to which industry and school districts work as partnersin the education and training process. Vocational education is closely relatedto the use of technology in industry. The degree to which schools areresponsive to providing the job skills demanded by industry and the devee towhich industry assists schools in this process has a direct impact upon the useof computers and electronic learning technology in vocational education.

4. BILINGUAL EDUCATION

Relatively little is known about the current use of computers in education
programs for students with limited English proficiency (LEP). A recent study35identified some trends in basic and demonstration programs funded by the U. S.Department of Education. This study found a significant increase in the use ofcomputers in the 115 bilingual education projects funded by the Departmentbetween 1983 and 1984. In 1983, only three projects involved computers; in1984, approximately 60 were computer-related. Of those 60 projects,
approximately 50 used the computer primarily for instructional purposes, with asecondary' emphasis on the use of the computer as the object of instruction
(i.e., "computer literacy"). In four of the projects, the primary purpose wasthe computer as the object of instruction with the remainder of the projects
focusing on record keeping, test scoring, and other simple applications.

Findings from a survey of computer use patterns in Texas school., (which,
because of their large Hispanic populations, might reasonably be expected tohave higher than average involvement in bilingual education) clearly indicatethat English as a second language (ESL) represented the lowest computer-usecategory. At the elementary level, 50 percent of the schools used computers ingifted, general, and remedial education. Its use in ESL was found only in
about 15 percent of the respondents. At the junior high level, computer ruse inESL was less than ten percent, and even lower at the senior high leve1.3p

The principal bottleneck in the use of computers for LEP students appearsto be courseware. A study of courseware available in 1982-83 reported thatmore than 500 courseware titles were available for 1ft different languages,
approximately 30 percent for ESL, led by French, Spanish, and German in thatorder.37 Approximately 50 percent of the courseware could be classified as
drill-and-practice, and about 35 percent was designed for intermediate-level
students focusing primarily upon grammar. Less than ten percent of the
courseware had been evaluated or reviewed in some systematic manner -- muchless than in general education. Currently, teachers of LEP students reject
approximately 80 percent of the available courseware -- for a variety of
reasons -- as not effective for LEP students.

Moreover, privately-funded development and distribution of courseware
projects has been relatively small because of the limited nature of the market
and the large number of market segments (i.e., different languages). Overtime, increased courseware availability for Spanish LEP students can be
expected; however, for some very thin market segments, courseware will probably
only be developed through Federally-funded materials development centers and by
individual teachers or school districts. One of the largest bilingual
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touraeware development projects in the country is being funded primarilythrough local funds in the Houston (Texas) Independent School District.

During a recent conference on technology in bilingual education53,prominent researchers identified types of courseware which are needed for
instructing LEP students:

1. The courseware must be language-intensive; most courseware is forEnglish as a second language and for foreign language training and isprimarily in Spanish and French.

2. The courseware must allow for individualized pacing and studentcontrol.

3. If the courseware is of a drill-and-practice nature, it must be veryclear to teachers how the courseware can be integrated into existing
curricula. Tutorial and simulation programs must take into account thediffering cultures from which LEP students come.

4. The courseware must have been vigorously field-tested and evaluated.

Introductory computer courses for LEP students are, for the most part,
provided at the junior high and senior high levels. While some schools teach
computer programming, most minimize the need for computer programming and focusupon orientation, awareness, and application. Most computer introduction andCAI applications occur in the areas of math and science; many LEP students,when tested, do not have the necessary scores to qualify for these courseofferings.

The availability and ccessibility of hardware is another factorconstraining computer use in P programs. The availability of microcomputersin school districts with rge Hispanic populations is considerably lower thanin schools generally.39/ Moreover, the different alphabets of some languagesseverely limit the Use of computers in language education. Specializedprinting fonts and operating systems are necessary for operation with suchlanguages. Advances in interfaces between microcomputers and videodiscs alsooffer unique opportunities for expanding the use of intelligent videodiscs in
programs for LEP students by providing improved pictorial representations soimportant in foreign language instruction.

Another important factor is teacher training. At present, only one
institute for higher education (i.e., San Diego State University) has initiated
a formal pre-service training program on technology use in bilingual education.
(By contrast, teacher training institutions in 20 states have such programs for
general education. 0) The directors of this program believe that any pre- orin-service training program for bilingual teachers must, like general
education, include components wW.ch will assist teachers in: (a) developingand integrating courseware into curriculum; (b) developing good tests; (c)
evaluating software and courseware; and (d) using the computer in both CMI andCAI modes.



B. PROJECTED COMPUTER USE

In this section we present information on the projected educational use ofcomputers during the next decade, with particular emphasis on the period from
1985 to 1990, which might be considered a scenario for computer use during thenext five school years.

1. HARDWARE

Estimates of the number of stand-alone microcomputers in America's schools
have been made by a number of organizations. The most reliable of the recent
estimates have been made by market research firms specializing in education.

In the 1980-81 school year only about 30,000 microcomputers were in tpe
schools (along with about 20,000 terminals connected to larger computers). 41Since then, while microcomputers have proliferated, little change has occurred
in the number of larger computers in schools. Exhibit 11-4 charts the rise of
microcomputers in the schools.

In a period of two to three years; the number of microcomputers rose from
30,000 to approximately 300,000.42 Within about one more year, the total
inventory of school-based microcomputers doubled to more than 600,000 in 1984.
Recent projections indicate that, by June 1985, the number of microcomputers
will nearly double again to about 1.1 million And by June 1988 the inventory
will reach 2.1 million.43 Although these projections are only a few months
old, some evidence exists that they understate the future inventory of
computers in schools. By 1990, the number of microcomputere in public schools
is projected at between 2.8 and 3 million units.

Most experts agree that by 1988 the typical elementary school will have
approximately 25 microcomputers; a typical high school will have approximately
30. There will be about 25 students for every microcomputer. By the end of
1985, the total public school investment in computer hardware (between 1980 and
1985) will be approximately $25 per student, significantly less than one
percent of the current average annual per-pupil expenditure.

There exist other technologies which hold the potential to enhance the
value of microcomputers. Foremost among these is interactive video. Must
experts agree that prerecorded personal computer software will begin to be
replaced (or augmented) by interactive video during the late 1980s and early
1990s. A number of factors will cause this change, including: (a)
increasingly user-friendly personal computer hardware and software; (b) ease of
incorporation of computers into television sets and other component systems;
(c) increased availability of interactive personal computer software; and id)
lower prices. However, a major breakthrough will be the emergence of the
erasable videodisc to store error-free logical and numerical data. Such
erasable videodiscs may enter the commercial market any time between 1986 and1988. When videodiscs have the capability of storing both logical and video
date and prices become sufficiently low, by 1990 videodiscs .ould replace
flr,iry discs for many microcomputer applications and greatly enhance the
qudj4,ty of educa Tonal software.
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2. SOFTWARE

Tntal annual software sales to schools wine about $22 pillion by June1982. They are projected to be at least $300 million by 1987.45 Most expertsbelieve that, before the end of the decade, annual school software sales willsurpass annual hardware sales to schools.

he amount of commercial software used on the typical microcomputer inschools is three to four packages valved at approximately $150 each. While thenumber of courseware packages available for each microcomputer will increase by1990, the unit price should decrease as the result of increased competition,greater efficiency in production, and increased use of networking/
telecommunications in the public schools.

Between 50 and 70 percent of the price of a typical courseware package canbe attributed directly to marketing and distribution costs. In 1982, about 40percent of the courseware purchasti by public schools came from retail outlets;only 13 percent was purchased directly from traditional education dealers. Theremainder of sales were made from catalogues, direct,mail, etc. In 1984,according to a number of reports, .high costs of courseware marketing anddistribution were considered a major ob4acle to expanded use of microcomputersin both the home and education marketa."

As an alternative to existing patterns of software distribution,
distribution by electronic means has, or will shortly, become feasible:

The concept of the local education utility has been developed by the
National Information Utilities Corporation (NIU). In this model, as
courseware is entered into a central system, it is transmitted throughan uplink to a satellite which, in turn, sends it to a local
transmitter. The courseware is then broadcast directly to host
computers in a district school. The digitized data can be transmitted
30 ttme., faster than traditional distributive networks using telephone
lines and modems. Students in the classroom share microcomputers or
terminals which allow them to access courseware under teacher control.
The school pays user fees based on the type and amount of courseware
used. The potential advantages of this type of system are several
fold. First, it can greatly reduce the cost of courseware distributionwhen compared to traditional means. Second, it encourages
developers/publishers to develop quality courseware because royalties
will be determined by use rates and software piracy minimized. Third,it encourages school staff to use the computer software in an
appropriate and effective manner in those areas where CAI, for example,appears be more cost-effective and appropriate than traditional
methods. F. urth, this utility concept provides opportunities to use
under-utilized technology infrastructures, such as education television
networks, which encourages state-level involvement.

Existing telecommunications systems can also be used fr:r coursewaredistribution. Networks such as THE SOURCE and CompuServe an transmit
courseware to schools; however, these systems are still ,,endent upon
telephone lines and have relatively high cos Commodore
International, Bell South, and Control Video Corporan, however, are
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field-testing a variation of this distribution concept primarily for
home computer courseware review and distribution. This system relies
heavily on local telephone lines but provides for a relatively low-cost
master modem as the telecommunications interface, thus reducing connect
time charges.

Through the use of videotex, courseware could be transmitted to schools
through television signals. Such a system is being considered on a
state-wide basis in Delaware as an alternative to the existing
educational network of time-shared, computer-based curriculum which now
serves several thousand students in the State.

While each of these alternative systems has its advantages and
disadvantages, it is clear that electronic distribution of software will have adramatic impact on educational computer use. It should lower the price of
courseware, facilitate software updating, and encourage heavier investments by
publishers and developers in the development of quality software. If current
trends continue, most experts agree that by 1990 more than one-half of
educational courseware will be distributed to !schools by electronic means.

3. MANAGEMENT OF TECHNOLOGY

Future computer use in schools depends on the degree to which school
decision makers take the necessary initiatives to use technological advanceseffectively. Virtually alt experts agree that the initiatives with the
greatest potential impact are:

Proactive Planning versus Reactive Behavior: Less than 20 percent of
the public schools in this country have plans for the effective use of
computers and related technology in education. Without such planning,
effective use will be minimal, with school decision making focusing
upon crises and external pressures. Only one large urban district
(Houston, see below) has established a 20-year plan which takes into
account probable technology advances in the next two decades and is
attempting to plan for the effective integration of technology into
areas ranging from facilities to course offerings.

Staff Training: The nature and extent of staff computer-related
training has changed considerably in the last four to five years.
Initially focusing on how to operate computers, a growing number of
school districts and some teacher colleges are beginning to address
such areas as applications, courseware selection, and integration into
curricula. In the next two years, some multilevel, sequenced packages
of integrated software and basal textbook series will be used in the
area of math and reading, particularly at the K-8 level. Some of this
courseware will incorporate concepts, such as expert systems, from the
field of artificial intelligence which can be used to assist teachers
in managing elements of the instructional process (e.g.,
diagnosis /prescription). However, the widespread use of such
integrated courseware and computer-managed instructional systems will
require massive teacher training/retrtining efforts focusing upon
individualized instruction. Such investments in staff development will



be much more costly and time-consuming than existing teacher trainingin the use of the current generation of courseware.

Centralized versus Decentralized Control: One of the major factorscontributing to the initial growth of microcomputers in schools was theperceived opportunity for increased control on the part of theadministrator or teacher. Several anticipated advances in technologywill result from the convergance of telecommunications andmicrocomputers. This convergence implies higher degrees ofcentralization, whether et the state level, through the distribution ofcourseware via electronic means, or at the school building level,through the use of local area hetworka. Often state or district
objectives of greater efficiency through economies of scale offered bytelecommunications will run counter to many control and flexibilityconcerns of.building level staff, including teachers. The degree towhich the technology can offer opportunities for multilevel decisionmaking and control will contribute significantly to the degree to whichschools will take advantage of these

telecommunication/microcomputermarriages.

Institutional Reform versus Technology Interventions: Over the lastfive years, most computer applications have focused on specificpopulations and have been used for enrichment purposes. Only a smallnumber of innovative state and local school officials perceive the needfor total institutional reform of the public schools. Indeed, if thepotential benefits of computer use in the schools are to be realized,existing institutional barriers must be removed. For example,incentives must be provided to ensure that computer technology canimprove staff productivity and student' performance. Flexible studentscheduling will be required if individualized student-directedinstruction and computer-m2naged instruction achieve their objectives.
Staff certification must be performance-based if staff training needsare to be met effectively.

4. OTHER CONTRIBUTING FACTORS

There are a number of important factors that will influence the nature andextent of computer use in America's schools during the next few years.

a. Use with Targeted Groups

Most experts agree that, in the next two years, a large number of usefulsoftware packages will be commercially available to satisfy many, but not all,of the needs of special education students and staff. An increasing numoer ofpublishers and developers can be expected to announce adjustable coursewarepackages which can be used with handicapped learners, many in conjunction withadaptive devices and communication aids.

Over the next two years, the number of multipurpose special education
administrative applications which allow for user customization throughtemplates and authoring techniques to meet local and state needs will increase.Many of these packages will allow for telecommunication with state education
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agencies, especially in states where state and local education networks arebeing planned. Approximately 35 states are planning and/or implementing suchstate-wide networks for reporting purposes in special education. Most experts
agree that within the next five years, software applications will becomeavailable which rely upon expert systems technology (fro the field of
artificial intelligence) to assist special education teachers to diagnose
learning difficulties and prescribe appropriate learning strategies.

Unlike special education, where handicapped learners are prevalent in the
population in virtually every school district, LEP students are
disproportionately dispersed throughout the country. A factor which will
affect the incidence of computers in bilingual education will be the speed and
manner in which programs for LEP students are fully integrated into local
school systems planning, budgeting, and decision-making cycles. For the most
part, ESL and LEP programs are seen by local district officials as Federal or
state categorical programs. Indeed, most of the computer initiatives in these
programs have been supported through discretionary funding from the U. S.
Department of Education or from special set-aside funding from states ithlarge percentages of LEP students. As with other special populations, the
Federal government has assumed some responsibility for ensuring the
availability of programs and materials and has provided assistance and
information dissemination (e.g., the National Clearinghouse for Bilingual
Education). If microcomputers are to be used in an effective manner in
bilingual education, however, 'school district officials will have to plan for
the systematic integration of LEP programs into their regular curriculum. Most
experts agree that unless Federal funds are targeted for CAI development, the
use of CAI in LEP or bilingual programs will continue to be substantially lower
thari in other thin educational markets.

In the next five years, vocational education programs are likely to be
more dependent than other program areas on software developed for industry or
military training purposes. Critical will be the extent to which industry and
school districts work as partners in the education and training process. The
degree to which schools are responsive to providing the' job skills demanded by
industry and the degree to which industry assists schools in this process will
have a direct impact upon the use of computers and electronic learning
technology in vocational education.

b. Curriculum Integration

One important factor which will affect future computer use in schools is
the extent to which courseware is integrated into school curricula. A June
1984 survey found that computers had not changed the methods or content of
instruction in 80 percent of the school districts which responded.4 Of those
districts reporting that computer usage had altered methods or the content of
instruction, mathematics, business education, English, and the sciences (in
that order) were the most affected. Eighty-six percent of responding districts
had no school board policy or guidelines in the selection of courseware or
software, and 68 percent had no policy on the selection of textbooks that
applied to computer courseware or software. In the approximately 20 states
which have state-mandated curricula and quality standards, most have undertaken
some formal or informal initiatives to ensure that existing supplemental
courseware is capable of being integrated into their curricula. For example,



Texas and California are seriously considering requiring demonstrations ofavailable courseware, which can be integrated into basal text, as a part of thestate-wide textbook adoption process. States interested in attracting "hightech" industry are investing educational dollars in the establishment ofcomputer curricula.

At the operational level, moat educators perceive an important need formicrocomputer integration into school curricula. According to a recent survey,teachers want new courseware to be closely tied to curriculum content and feela variety of print materials should accompany the software. "Teachers wantcomplete packages, not just a disc. They want a teacher's manual, a studenthandbook, activity sheets, and other related materials for classroom reading.48

Contributing to the problem is the lack of commercially availablecourseware which can be easily integrated into curricula or which is packagedas part of curricula. Most electronic learning publishers are distributinglow-price supplemental courseware for large volume markets (e.g., students)rather than CMI packages which could facilitate integration for smaller markets(e.g., teachers). Some have attempted to repackage (with a teacher's manual)education courseware designed for the home market and sell these supplementalnon-curriculum (for the most part, drill-and-practice or simulation) programsto the schools at higher prices.

Several factors which are'likely to facilitate courseware integration intocurricula include:

requirements for integrated courseware /basal series in several major
states which have state-wide textbook adoptions (such as California andTexas) , that could have a significant impact on the nature of
courseware developed and marketed by publishers;

increased promotion by states of computer-managed instruction at the
local level, which in turn could affect commercially available productsand the opportunities for integration at the local district level;

the inclusion of software selection, courseware curriculum integration,
and individualized instruction as major components in pre-service and
in-service teacher training programs; and

continued development of policies and guidelines for ensuring effective
integration of courseware into curriculum.

All of these events can be expected to occur in some school districts withinthe three to five years, having a major impact upon both schools andpublishers. By 1990, however, there will be a small cadre of about 500computer-using school districts in which courseware will be integrated
effectively into the curriculum. Such schools will help provide leadership tooLner schools.

c. Home and Community Pressures

Expanded use of computers in schools during the remainder of this decade
will be greatly influenced by parents, parent groups, and the local community.
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Educational computer use in the home -- as measured by software purchases -- isprojected to increase dramatically, from approximately $7 million in 1981 toabout $1 billion projected by 1989.49 Home use of computers will continuethroughout the decade to bring pressures toward expanded use of computers inthe public schools. If the growth in home computer use continues, there willbe significant but uncertain effects upon public and private education. On onehand, the availability of microcomputers in the home provides opportunities forschools to build better relations with parents through improved coordination ofsuch activities as homework and courseware selection. On the other hand,frustrated parents with computers lire increasingly likely to take their
children out of public schools and educate them in private schools or at home.

5. ONE SCENARIO FOR THE FUTURE

No market research firm has made any svoious projections related to the
use of computers in education through 1995. However, one large urban schooldistrict, the Houston (Texas) Independent School District (HISD), one of the
leading computer-using districts in the nation, has made such projections asthe basis of its 20-year technology plan. Many of the projections summarized
below are based upon t!at plan.50

By the end of the decade, HISD is projecting a declin, in the ratio of
students per microcomputer from its current level of approximately 50:1 toabout 15:1. Approximately 250 local area networks (one per school) will havebeen installed and connected to an average of 40 microcomputers per network.
The local area networks will increasingly be used for student access to data
bases stored on relatively lo. ...oat compact discs which will store several
hundred million bytes of information. Inexpensive 10.301 optical storage will
replace high-cost telephone telecommunication access to existing large data
bases such as, Dialog, ERS, CompuServe, etc. In addition, they project that by
1990, more than 300 interactive videodisc units will be its place within HISD.
The videodisc will become a major enhancement for the microcomputers, providing
even more powerful eduCation capabilities.

By 1993, HISD projects 30,000 microcomputers in service, with two-thirds
being full-screen portable notebook microcomputers. In addition, they
anticipate that approximately 50,u00 portable notebook computers will have been
purchased individually. by students or, for equity reasons, purchased by the
district for use by individual students. Hence, within each school, a
capability will exist for a computer connection, most likely through two-way
cable networks, for each student. They also anticipate a need for significant
growth in peripheral equipment, such as fast, inexpensive laser printers, large
screen displays to facilitate group learning experiences, and voice input
systems.

By 1995, they anticipate extensive microcomputer use in administration and
instructional management. Administrators will use computers for education
planning and budgeting, scheduling, inventory control, and related
administrative applications. Instructional management systems will allow the
computer to reduce teachers' routinized activities and clerical chores (e.g.,
attendance, record keeping) and to provide opportunities for sophisticated
instructional decision making. By this time, the impact of artificial
intelligence and expert systems will have been transferred to education and
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will be commercially available, it relatively low costs, for use by school
decision makers. Or it may be imegrated into curriculum ranagement systems
aed diagnostic /prescriptive functions associated with the learning process.

To theis extent the HIM) projections are generalizable to schools
nationally, several trends become clear.

Sophisticated cumputer-management mystems will become widely used in
education because:

tP!cy will be strongly encouraged for mandated) by state-level
licies and adoption procedures;

massive teacher retraining efforts in the use of individualized
instruction and instructional management 411 have occurred during
the late 1980s;

expert systems technology will have been transferred from military
and industrial training and decision making into education; and

electronic learning publishers will finally make a serious
investment in courseware development, building upon advancing
technology to meet the needs of the schools.

The microcomputer, as we know it today, will change dramatically as it
converges with other technologies (e.g., telecommunications,
yideodiscs).

Other existing configurations will also change; for example, the local
area :computer network of today may become a more comprehensive,
flexible, and lover cost network. The local school district may become
the hub of an information utility to which students who own their own
computer notebooks can connect while they are both in the school
environment and at home.

The nature and extent of computer use will be largely driven by the
availability of quality software, which will increasingly include
simulations, tutorials, discovery, and other modes of interaction
heretofore yet to surface.



III, PERFORMANCE EFFECTS

This chapter explores the effects of.computers on students, includingtheir academic performance and attitudes. It first presents backgroundinformation on current school practices. This is followed by a review of theliterature concerning the effects and effectiveness of computer-assistedinstruction (CAI) and computer-managed instruction (CMI). The chapter endswith projections of the effects which computer use in school may have onstudents.

The information in this chapter has been gathered from research conductedduring the past 16 years. The project has relied most heavily on 15 studiesfocusing upon effectiveness of CAI. It should be noted that most of thesestudies concentrated primarily upon the use of mainframe or minicomputerprograms. The extent to which these findings can be generalized to experienceswith microcomputers is uncertain. For several reasons, there may bedifferences in performance effects between the larger mainframe/minicomputer
systems and the smaller stand-alone or networked microcomputers. Teachers andstudents may experience a greater sense of control over their learningenvironments when using stand-alone computers because there is less potentialfor interference from outside elements (e.g., operators in a mainframe system).Moreover, there are many technical problems associated with interconnectedsystems (e.g., operating system "down time", interruptions i2, communications)which can effect system operation. For these reasons, the effects associatedwith the use of stand-alone or network microcomputers have been isolated.

The effects of computers on student performance and attitudes aresurrounded by a number of complex issues which further complicate the study ofthese effects. Research and development efforts conducted during the past fewyears have shown that the effects of computer-based instruction on students arerelated to teachers' attitudes toward technology, the quality of educational
1Jftware, and the implementation variables associated with adopting CAI and CMIin schools. In addition, the growing educational use of home computers appearsto be having an impact upon computer use in schools. This chapter presents therelatively sparse research findings in the areas mentioned above, in additionto student effects, with the provisos discussed above.

A. CURRENT PRACTICES

As indicated in Chapter I, in the next few years more schools will havemore microcomputers available to students. This growth in hardware acquisitionis occurring at all levels. As shown in Exhibit between 1982 and 1983there was a 175 percent increase in the number of elementary schools usingmicrocomputers.51 The percentage of schools using microcomputers more thandoubled at the junior high level and increased by 61 percent at the senior highlevel between 1982 and 1983.

1. USAGE PATTERNS

Although the availability of hardware is rapidly increasing, studentcontact time is increasing at a slower pace. The typical elementary school
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student spends only about 20 minutes per week on a computer; the typicalsecondary student spends about 45 minutes per week on a computer. This shortexposure time is clearly not explained by a shortage of computers. Even thougha typical computer-using school has ten microcomputers, the typical
microcomputer is used by students only two to three hours per day, less thanone-half the time school is in session. Moreover, about one-fourth of theresponding elementary schools report using their equipment less thin one hourper day.

One reason for this apparent lack of use is that only a small percentageof the teachers in microcomputer-using schools are using the hardware. Inabout one-half of these schools, only one or two teachers are regular users ofcomputers.52 In other instances, computer use is restricted because hardwarehas been purchased with categorical funds targeted on certain studentpopulations. In schools where substantial numbers of teachers are involvedwith the schools' computers, their invclvement is often limited to packagedlearning games or drill-and-practice software.

It is generally agreed that an optimum amount of time needs to be spent on
any learning task to produce a positivi effect on skills or knowledge mastered.
Thus, the amount of time a student spends on CAI may have a considerable effect
on the benefits received. Some experts believe that using the computer for 20minutes per week is so brief as to make little difference in learning
outcomes.539 54

The current use of computers in public schools has not had a major impact
on how students' time in school is spent. Drill-and-practice CAI intervention
has, for the most part, been integrated into existing (elementary and junior
high) remedial and special education programs, Although computers are
increasingly being used in gifted and talented programs, they are often usedfor enrichment activities which, for the most part, existed before the
availability of computers. A number of years ago, many school districts
created "computer literacy" courses which were conducted in laboratory-type
configurations. Such formal computer literacy courses have begun to disappear
as tool applications are increasingly being integrated into existing contentareas.

2. GRADE LEVELS AND CONTENT AREAS

Within local school districts, there are noticeable differences in
computer use by grade level. Sixty-four _percent of the elementary schools usecomputers to teach computer literacy or computer science compared with 85percent of the secondary schools. On the other hand, the use of
drill-and-practice CAI at the elementary level exceeds its use at the secondarylevel -- 59 percent to 31 percent. Exhibit 111-2 displays computer usage
comparisons between elementary and secondary grade levels in other areas aswel1.55

Trends in the uses of microcomputers
microcomputers for several years report a
for drill-and-practice as a percentage of
that started using microcomputers before
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provide more computer drill-and-practice than anticipated; 35 percent reportproviding less instruction this way. Having declined only slightly at theelementary level, computer drill-and-practice has dramatically decreased at thesecondary level. Moreover, schools with r:** microcomputer experience tend toincrease computer use for teaching programming and "computer literacy".
Elementary schools which, in July 1981, had used microcomputers for three yearsincreased programming uses from almost 20 percent of total use in the firstyear to approximately 50 percent by the third year. Similarly, programminginstruction in secondary schools grew from 40 peuent in the first year toalmost 70 percent of total use in the third year.50 Although these findingsare based on surveys conducted several years ago, it continues to be true thatmicrocomputers in secondary schools are used primarily to teach cdmputer
programming and for tool applications (e.g., word processing). Elementaryschool uses of microcomputers, on the other hand, are less differentiated.Elementary schools report using their computers with about the same frequencyfor computer literacy purposes, to supplement instruction, for enrichment, andfir drill-and-practice.57 These changes in use patterns are attributable toseveral factors: la) increased availability of tool applications; (b) outsidepressures from parents and the business community to prepare youth forcomputer-related occupations; and (c) state and district mandates for acomputer curricula to include programming. These factors will be discussed indepth in later chapters.

In general, elementary schools use computers most frequently in math,followed by language arts, treading, computer programming, social studies,
science, and art. Math use has ranked highest over the last three years, but
use in reading and language arts has increased. Secondary schools use their
computers most frequently in computer science followed by less frequent use in
math, business subjects, and general science .&

3. EQUAL ACCESS

Findings from a national survey of recent studies suggest that schools, ingeneral, are not making the best use of computers to provide learningexperiences for all of their students. Girls and minority students are notenrolled in computer programming courses on an equal basis with white males. Astudy of more than 40,000 Connecticut high school students (conducted several
years ago) concluded that the numbers of female and minority students enrolledin high school computer programming courses are disproportionately low compared
to their incidence in the school-age population. The inequity seems to have
little to do with ability, but with psychological barriers and subtle forms of
stereotyping. Some studies have found that girls have less confidence in their
mathematical abilities and often incorrectly assume that computer programming
requires a math background.59

More recent studies do not support these findings of inequity. A
University of Virginia study, examining the effects of age, gender, and
computer experience on attitudes of high school students, found that gender wasnot significantly related to student attitudes toward computers.60 A NorthCarolina study of elementary students concluded that race and gender affected
student interest in computers only minimally. Student interest was related
more to grade level, with older students reacting more positively than youngerones. 61



4. HOME COMPUTER USE

A movement which is paralleling efforts of schools to use computers toenhance instruction is the use of home computers by parents to improve theeducation of their children. About 60 percent of the more than six millionhome computers are in households with children.62 Educational use of thecomputer in the home is rapidly approaching the more common entertainment uses.Most owners identify instruction as their second most important use. Concernabout the quality of the education their children receive in public schools hasprompted the growth of the home education computer market; parents' generaldistrust in the schools' ability to prepare their children for a "high tech"world was given as a driving force for those families who use the home computprto supplement their children's education or replace the school altogether. 33Among families buying home computers for educational purposes, 61 percent saidthey did so to get .a head start on courses offered in school; 34 percent foradditional courses that were not available in school; and 31 percent asremediation for children having academic difficulties.°m

While schools may be in a position to assist parents with supplementalinstruction at home, they are not, in fact, availing themselves of thisopportunity. The schools that responded to a national survey are not veryknowledgeable about what is going on in the home and have no plans for dealingwith it. Although 50 percent of the schools that responded to the surveyreported that school computers were available for use after school hours tofamilies that did not own computers, only three percent of the districts hadspecific educational projects that connected computers at home with those atschool. In addition, the one area in which parents noted the greatest problemwas in the selection of quality software. Schools. however, typically have notdirected efforts toward software evaluation and selection as indicated by an 86percent response of "no policies" in this ares.65

Home computers could increase the achievement gap between middle and lowerincome groups. Although the Federal, state, and local education agencies havedifferent roles, they all must identify and address inequities in educationalopportunity. If the growth in home computers continues, it is likely thatparental pressure for cooperation ) retween school and home computer-basedinstruction will continue to increase.'"

B. EFFECTS OF COMPUTER-BASED EDUCATION ON STUDENTS

There is substantial evidence that computer-based education can haveimportant positive impacts on both the performance and attitudes of specifictypes of students under certain conditions. It is important, however, thatcaution be exercised when applying the results of CAI effectiveness studies tothe ways computers are actually being used in schools. The following pointsshould be borne in mind:

In the CAI effectiveness studies reviewed for this project,statistically significant findings of positive effects on studentoutcomes were present in projects which exposed students tocomputer-based instruction for at least ten minutes per day. At this



time, there is no evidence to indicate that schools are providing
sufficient exposure to computer-based instruction to make a difference
in the performance of all students.

In CAI effectiveness studies, the microcomputer was usually used for
drill-and-practice at both elementary and secondary levels. Vcry
little research has assessed whether computer-based instruction has had
a differential impact upon students when it is used for different
purposes (e.g., tutorial, simulation).

Most of the studies reviewed have focused on gross comparisons between
"traditional" instruction and computerized instruction. Traditional
instruction in most cases was defined as one teacher lecturing to a
large group, typically 20 to 30 students. Other methods of
instruction, such as team teaching, peer tutoring, open classroom, etc.
were not compared with computer-based instruction in these studies.

The body of CAI effectiveness literature has received criticism for
several reasons. First, it tends to be unsystematic. Many studies were
developed to evaluate a particular computer-based course in a specific setting
with a limited audience. Furthermore, the various studies do not build upon
one another and consist of many different CAI programs, evaluation desigrs,
arrangements, and outcome measures. In particular, a research gap exists in
studies invczLigating student characteristics (such as sex, race) and
effectiveness of CAI. In addition, there is a lack of studies that
systemltically examine if and how the role of the teacher is affected when CAI
is uses: for instruction.

The majority of the CAI effectiveness studies reviewed have other
characteristics that may limit their correlations. Most of these
investigations addressed mainframe or minicomputer systems; only a few studies
involved delivery of computer -based instruction by microcomputer. Yet, it is
the microcomputer that schools are purchasing. Finally, the content areas
chosen for study in most of this literature were math, science, reading, and
language instruction. Despite these limitations, results from CAI evaluations
conducted over the past ten years have shown statistically positive effects in
well-implemented programs.

1. COST/TIME SAVINGS

When compared to traditional instructional approaches, CAI has been found
to reduce, by between ten an 30 percent, the amount tai' time needed for the
average student to master similar objectives. As early as 1968, computers were
linked with time and cost savings in education and training with the military
and for students in secondary and post-secondary education. For example, in a
study comparing CAI in electronics training for military personnel and a

similar type of CAI in secondary education, the ten percent reduction in
student time spent in training increased the rates of return on training
investment, thus justifying the conversion to CAI of the existing electronic
training courses. A study of computer-based training conducted in the military
services indicated that the major benefit of CAI, compared to conventional
instructiop, that it saves student time without loss of student
achievement. 1"
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Several studies conducted at the post-secondary level suggest that
students using CAI take less time to learn as much or more as do students under
traditional instruction. In one study, medical science students using CAI
completed one semester of material in one-third to one-half the time of non-CAI
students. The same study measured retention of concepts taught via computer
and found, 26 weeks later, that CAI students plowed greater retention than
students who received traditional instruction.0 Other investigations with
college students showed statistically significant differences favoring computer
instruction (3.5 hours of instructional time per week for conventional classes
versus 2.25 hours for computer-based instruction).70

Findings from investigations at both the elementary and secondary levels
reach similar conclusions. Younger students also appear to complete material
faster on computers than off -- occasionally as much as 40 percent faster.
Studies conducted with secondary students revealed savings in time for student
learning of as much as 88 percent:a

Whether these findings can be attributed solely to the use of CAI as a
medium of instruction or to better formated and presented instructional
content, however, is a matter of conjecture. Moreover, when CAI is compared to
other effective teaching strategies (e.g., tutoring), the relative
effectivenesz of CAI is diminished.72

If no other positive effects were indicated with computer-based
instruction, it appears that reduced learning time would make CAI
cost-effective for public education. Although cost-benefit analyses are not
common in the literature, one such analysis concluded that the costs of
computer-based instruction were equivalent to the benefits that might accrue
from equal amounts of tutoring.73 The benefit of reduced costs for schools,
however, can only be realized if instruction is individualized in such a way
that students are allowed to progress through material at their own pace. Thus
students can accelerate their learning rather than follow inflexible curricular
time constraints.

While studies have compared the amount of time it takes to master a
particular skill using a computer versus conventional instruction, they have
not suggested an appropriate amount of time that students should spend on
computer-based learning activities. More research is needed in the assessment
of how much time using CAI is necessary for student performance to show
significant positive results, Two studies, to date, have addressed time on CAI
tasks and have concluded that, in the right settings using appropriate
software, ten to 20 minutes per day of exposure to CAI produces significantly
higher test scores than non-CAI experiences.749 75

2. ACHIEVEMENT AND ATTITUDES

Pobitive effects of CAI have been found in other more pervasive areas than
merely time savings. Students' achievement, attitudes, and social relations
have been positively affected by computer-based instruction. In separate
reviews of CAI effectiveness literature, similar conclusions were reached
concerning the effects of CAI on performance and attitudes. It must be kept in
mind that these studies measured outcomes only in specific ways (e.g., scores
on standardized achievement tests and self-reported attitude scales). In
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addition, for the most part they used drill-and-practice software withrelatively few subject areas (primarily foreign language, math, and somereading). A review of more than 20 studies led to the followingconclusions: 76, 77

CAI provides students with individualized instruction which they often
fail to receive in r large classroom setting;

CAI is at least as effective as traditional instruction in 55 percent
of the studies and more effective in 45 percent;

the subject areas where CAI is most effective are: science and foreign
language, mathematics, and reading/language arts;

CAI appears effective when aimed at specific student body groups (e.g.,high- or low-achieving students); however, lower achieving students
require a longer period of time with CAI than do average or
above-average students;

when CAI is fully integrated into the curriculum; it is more effective;

positive effects increase when the proper setting and scheduling are
established (i.e., flexible scheduling, effective teacher training,
principal support, individualized pacing); and

student attitudes toward CAI and familiarity with it have a substantial
effect on CAI's usefulness.

Positive achievement effects have been identified for students in
elementary and secondary schools. Most impressive is the finding that CAI
seems most effective for student achievement at the elementary level.
Sixty-eight percent of the students from CAI classes outperformed the median
student from the control classs on standardized achievement teats. Achievementresults analyzed from approximately 30 studies conducted at the secondary level
revealed that students from CAI classes performed at the 63rd percentile,
compared to students not using CAI who performed at the 50th percentile on the
same measures.78

Major evaluations were made of four large-scale projects using
computer-based instruction: (a) the TICCIT project; (b) the PLATO
demonstration; (c) the LAUSD project; and (d) IBM's Writing to Read project.
Exhibit 111-3 depicts these projects in terms of student age, numbers of
students involved, hardware used, and outcomes studied.

In the Time-Shared Interactive Computer Controlled Information Television
(TICCIT) project, community college students were taught mathematics and
English using CAI. Achievement results indicated a ten percent improvement
over conventional lecture sections for math and five percent for English.
At-..itudes toward subject matter were also affected positively.

Community colleges and elementary grades were the targets of the
Programmed Logic for Automated Teaching Operations (PLATO) demonstration. For
the community college sample, a series of analyses yielded significant positive
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EXHIBIT 111-3

COMPARISON OF FOUR LARGE-SCALE

CAI EFFECTIVENESS STUDIES
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differences between PLATO and control classes in course completion. Positive
achievement effects appeared in mathematics, chemistry, and biology. Further,the attitude items revealed a favorable impact of the PLATO demonstration onthe attitudes of both students and instructors. The PLATO demonstration
conducted at the elementary level involved 300 students in mathematics and
approximately 700 who received reading lessons through CAI. In math,
significant positive effects were found at all grade levels (i.e., 4, 5, 6).
These effects were greatest for topics emphasized by both PLATO and theteacher. Attitudes toward subject matter tended to be more positive in the
PLATO group than in the group that received conventional instruction.
Increases in attitudes toward subject matter were greater for math than for
English.

The third study evaluated by ETS was a four -year longitudinal study of
elementary students involved in compensatory education Title I classes -- in
the Los Angeles Unified School District (LAUSD). Computer labs for the study
were equipped with terminals controlled by a minicomputer. CAI was provided by
drill-and-practice software in math and in reading and language arts. Findingsof the LAUSD study included positive effects of CAI in achievement and
attitudes. In math, with exposure .times averaging ten minutes a day, CAI
students showed significant positive effects in computational skills comparedwith control students. With 20 minutes per day, computational skills weredoubled. Additionally, longitudinal data revealed continued and increasing
gains in computational skills. In the reading and language arts areas, smaller
but consistently positive results were obtained. A major finding of the LAUSD
study involved effects on attitudes. Attitudes toward reading and feelings of
internal responsibility for success were significantly higher among students
who received CAI than among students who did not. The conditions under'which
the CAI was implemented in the LAUSD study are associated with successfu]
practices identified in other instructional effectiveness studies (i.e., not of
computer-based learning). These conditions include:79

mastery learning;

high academic learning time with a high probability of success in
responding;

direct instruction;

adaptability and consistency of instruction;

an orderly atmosphere with expectation of success in basic skills; and

use of drill with equal opportunity for responses from all students.

The last study evaluated was an evaluation covering more than 10,000
kindergarten and first grade students in 21 sites in the first year. In the
second year, the study concentrated on a core sample t,f 3,210 students using
IBM's Writing to Read program with microcomputers and 2,379 comparison students
in classes not using the program. °°' 81 Results of the study indicated that:

For writing achievement, in 29 of 33 Writing to Read schools, the
program had a positive impact on writing skills.
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For reading achievement, 22 of 27 Writing to Read schools showed apositive impact on reading.

Fifteen percent more parents reported greater progress in theirchildren as compared to parents of the non-Writing to Read groups.

In general, it appears that well-implemented CAI programs consistentlyproduce statistically significant gains when compared with conti,1 groupsand/or previous learning rates of students (implementation variables are
discussed later in this chapter).

3. COMPUTER-MANAGED INSTRUCTION

Computer-managed instruction (CMI) and its impact on students has alsobeen studied. When student performance is compared to cost, there areadvantages of CHI over CAI because less hardware and software are required forits use.829 03 When CMI is used in special education, moderate to significantsavings in staff time accrue and paper work is reduced. For example, one studyfound that use of the Modularized Student Management System (software formanaging special education) reduced. the average amount of time spent by ateacher in updating Federally-required indivAdualized education programs (IEPs)
from 70 minutes to 12 minutes per student.'" Another study reported relativetime savings of about 50 nrcent when comparing computer versus
noncomputer-based IEP development.°5

Many of the observed positive effects of computer-assisted instructionreflect the use of CMI systems. Indeed, many of the CAI studies reported
earlier were supplemented by such CMI applications as student progress
monitoring. When elementary-aged student achievement measures (as opposed totime savings for teachers) are the outcomes being measured, CMI does not haveas great an impact as CAI. In f-Jur studies of elementary children that
compared student outcomes of two groups -- one using CAI and the other using
CMI -- the achievement effects of CAI were more positive than those of CMI.
This finding is not surprising because CMI is designed to exploit different
features of the computer than CAI. It keeps records on student progress andoften assists in diagnostic testing and screening functions. A form of
individualized instruction, CMI (when used directly with students) allows
learners to pace themselves, work independently, and make their own choices.
Young children in the elementary grades may not have developed the skills and
motivation for these requirements. Computer-managed instruction has had the
greatest impact at t12, higher grade levels, such as in secondary and
post-secondary settings.eb

C. EFFECTS OF COMPUTER-BASED EDUCATION ON TEACHERS

Teachers' attitudes toward computer-based instruction and management have
imrlications not only for how computer-based instruction will affect students
but also how teachers could influence the design and development of programs by
the software publishing industry. Only a few limited investigations, to date,
have addressed this topic.
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In one 1982-83 survey, microcomputer-using teachers indicated a belief
that the greatest impact of microcomputers on students has been social.
Obtaining a fair response rate (68 percent), researchers found that 30 percent
of responding teachers believe that computers have led to increased student
enthusiasm for schooling. Only 18 percent felt that students worked more
independently, without assistance from teachers (probably because the available
software eas not designed for independent student use). Twenty-four percent of
the surveyed teachers (elementary and secondary) believed that Above- Average
students have learned more than average or below-average students. °7 This view
is different from earlier investigations that concluded CAI was more effective
with low-achieving students possibly because, in part, of the type of
computer - based instruction used in these schools; since computer programming
was emphashld, as opposed to drill-and-practice, higher functioning students
i.ould naturally perform better than students functioning below grade level.

Teachers' attitudes to -d the use of computers with low-achieving
students Mere found' to 1-.e positive when implementation efforts occurred in an
organize manner. Although some school staff were initially intimidated by the
presence of new computer equipment in classrooms, their attitudes became more
positive with time. The initial appearance of the microcomputer was viewed as
an inconvenience -- a disruption of the flow of daily activities. But, by the
end of the first year, most teachers were convinced of the value of CAI and
supported it fully. In fact, in 1982, two years after government support for
the project endegA

00
the LOS Anfeles Unified School District continued operatingits program.

In the 1982-83 school year, 82 percent of the teachers in a national
survey felt that computers could help teachers be more effective. The majority
cf respondents also strongly agreed with statewents suggesting that principals
and teachers need help in planning for the demands brought about by computer
technology.89

A m-re recent national survey, culducted with 5,000 teachers and 1,000
administrators, revealed that approximately 85 percent of the respondents
displayed a generally positive attitude toward microcomputers. One must
exercise caution, however, as these results were based on a response rate of
only 26 percent. This study asked teachers and administrators whether they
prefer newer computer technology to more traditional materials. The proportion
of teachers who were "happy" to see new technologies enter the classroom grew
from 74 percent in 1982 to 80 percent in 1983 to 86 percent in 1984. When
teachers were asked to make a choice between the microcomputer and more
familiar modes, their attitudes seem' less favorable toward computers; 43
percent in I9S1 .nd 46 percent in 1984 would choose a microcomputer over
supplementary materiali. Furthermore, when teachers were asked if they would
rather have a microcomputer than new textbooks, responses indicated that very
few teachers would make this choice (29 percent in 1983 and 29 percent in
1984). The results from this survey have implications for compute- and related
expenditures in public schools.90 Questions must be asked about school
expenditure trade-offs. First, if money is being use.' for acquiring new
computer technology, is it coming from supplementary materials and textbook
funds? Second, are these trade-offs reasonable in light of what we know about
the effectiveness of CAI /CHI and teacher attitudes? Finally, how are policy
makers, who are reacting to increased outside pressures to put computers in

8-

56



schools, to address the apparent reluctance of teachers to replace their majormode of instruction?

Teachers and administrators view computers in a positive light when
computerbased learning packages are integrated with regular curriculummaterials. There is emerging evidence that educators' attitudes are moving ina positive direction and seem to be related to exposure and familiarity withcomputers.91

D. IMPLEMENTATION VARIABLES

Clearly, current research findings indicate that computerbasedinstruction can increase student achievement in certain areas when quality
courseware is used and when the programs are planned and implemented in aneffective manner by school staff. Findings in studies which report that CAI isnot as effective as conventional instruction usually also report that theconditions for effective implementation were inadequate.92 Among suchconditions are the quality of the software and organizational factors.

1. QUALITY OF SOFTWARE

The use of quality software is a necessary condition for improving student
performance; however, by itself it is not sufficient. Summarized below are thecharacteristics of successful quality software which pave been identifed by
researchers and successful computerusing teachers.93' 94 Such software must:

allow for easy operation;

be accompanied by clear documentation;

provide opportunities for students to control the learning process;

provide interaction, feedback, and often rewards;

allow students and/or teachers to establish goals and provide
selfevaluation;

allow diagnosis of conceptual difficulties with materials and
prescriptive branching;

use the full range of hardware capabilities such as graphics, sound andcolor, etc.;

include important concepts, if curricular in nature, as well as facts
related to subject matter;

allow for easy integrscion, if supplemental, into curriculum; and

include, at a minimum, student record keeping capabilities, if
curricular in nature, and monitor student progress.



2. ORGANIZATIONAL FACTORS

An additional element is increasingly being correlated with positive
student outcomes and positive teacher attitudes When using computer-based
instruction. This element includes the organizational conditions under which
CAI is implemented The conditions associated with successful use of CAI are
summarized below.9% 96, 97, 9449 99

School/Classroom Environment:

- flexible scheduling of students and individual student self-pacing;

- targeted us, with specific populations (e.g., handicapped, gifted,
slow learners);

- opportunities for integrated use of hardware and software in a
classroom setting, rather than a laboratory-type setting;

- active support of computer use by the principal, who also perceived
his/her role as instructional rather than administrative;

Decision Making:

- selection of specific courseware and, to a lesser extent, hardware
in a participatory. process involving key individuals (teachers) in
the implementation process;

- decentralized and flexible decision making during implementation,
especially at the classroom level;

Training:

- teacher training in the use of specific courseware packages and/or
applications prior to actual use in the classroom;

- for CMI programs, teacher training in the functions related to
instructional management and individualized instruction;

timely in-service training and follow-up support for instructional
staff;

- training provided by persons vho are or have been in similar
teaching situations.

As more CAI research is conducted and findings disseminated, it is likely
that future courseware capable of being customized for local school districts'
curricula will include comprehensive plans for implementing such systems.

E. PROJECTED EFFECTS

It can be anticipated that, in the next few years, the use of computers
will have a number of important effects on the performance of students.
Specifically affected will be student achievement, attitudes, and time-use
patterns,
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Policy makers, educators, and developers are beginning to ask why computer
technology appears to enhance learning in students. Future effectiveness
research will more stringently question student performance increases and what
phenomena foster positive attitudes in students. As researchers and developers
become less seduced by the hardware itself, it is likely that other variables
known to have an impact on learning will emerge as vital to the success of
computer-based instruction.

1. ACHIEVEMENT

In the last third of the decade, the relative effectiveness of
computer-assisted instruction will increase dramatically in well-implemented
instructional intervention with specific populations. The research on which
these findings are based, however, will be questioned for a number of reasons:

The quality and comprehensiveness of evaluations will be less than
desirable. The level of funding required will not be available within
the budgets of local school systems.

As a result of the increasing prevalence of microcomputers in schools
and in homes, it will be increasingly difficult to compare, for example
computer-assisted instruction with "conventional methods". Many of
these conventional methods will be contaminated from a research
perspective because it will be difficult to control access to computers
either in school or at home.

The notion of using national standardized achievement tests OS a measure of
student performance will be questioned. National and state tests which measure
acquisition of facts and memory skills of students will be considered
increasingly irrelevant in light of the new knowledge acquisition processes
made available through microcomputer and telecommunication technology.
Software that provides practice for taking standardized achievement tests will
clearly demonstrate its effectiveness in increasing student scores on national
tests used for high school graduation and/or college admission. As
sophisticated courseware simulations, particularly at the secondary level,
become available during the last third of the decade, students, parents,
teachers, and administrators will realize the opportunities technology provides
for performance-based measures of student mastery of concepts, critical
thinking skills, etc. By the end of the decade, measures of student
performance will become performance- or skill-based, using the computer to
assess skill mastery.

2. ATTITUDES

Virtually all studies have found positive student attitudes related to
computer-based programs. To the extent that the novelty of the computer
contributes to these positive student attitudes, such attitudes will
deteriorate :ever the next few years as the novelty effect wears off. Student
attitudes toward computer-assisted instruction in the long run will be a
function of the quality and type of software that is available in schools.
Indeed, attitudes toward schoolbased CAI among students, who have access at

-51.-

5 9



home to more varied and higher quality software, may deteriorate for at least
two years, until higher quality software becomes accessible and affordable to
schools.

3. TIME-USE PATTERNS

Assuming that schools continue to acquire hardware at the current rate, by
the end of the decade the ratio of microcomputers to students will be as high
as one computer for approximately 20 students. This estimate is based upon anassumption that market saturation will occur at the elementary level with
approximately 25 microcomputers per school and at the secondary level with
approximately 30 microcomputers per school. The length of time a typical
elementary student uses the microcomputer will increase from approximately
20-25 ,minutes to 50-75 minutes per week. At the secondary level, courses
involving computer use will increase the length of time computers are used each
day to as much as three hours. More extensive use at the secondary level will
be attributed to: (a) the availability of sophisticated simulation courseware
which can be used in social studies, business, and science courses; (b) theincreasing use of tool applications and education-related data bases through
low-cost telecommunication networks; and (c) more intensive computer use by
computer-using students. By the end of the decade, the ratio of microcomputers
to students will become less meaningful, as the computer itself will become
relatively transparent in telecommunication and videodisc configurations and as
students have greater computer access in other environments.

During the next three years, student time patterns in the schools will be
affected, not so much by the increased use of computers as by state-level
policy and reforms. A large number of states have expanded credit-hour
requirements in math and science as a prerequisite for graduation. In some
states, these increased requirements will be achieved by lengthening the school
year or school day. In most states, however, these new requirements will be at
the expense of other course areas (e.g., vocational education) or electives.
For a variety of reasons, including the lack of subject matter specialists
(e.g., science and math teachers), the microcomputer will be viewed as an
integral part of some curricula, especially at the secondary level, as new
simulations and other courseware become available.

By the end of the decade, the nature of the equity problem will be more
qualitative (e.g., the types of courseware available to certain groups) than
quantitative (e.g., numbers of students with access to computers). Although
the numbers of students using computers will give the appearance of "equal
access time", a more subtle form of inequity may exist with computer technology
and applications highlighting unequal treatment of students. Examples of such
imbalances are: (a) limiting slower students to using only drill-and-practice
software and not exposing them to more sophisticated learning activities; and
(b) the low proportion of cultural minorities and limited English proficient
(LEP) children who use computers for learning activities.

By the end of the decade, student time usage patterns will be considerably
different from those currently observed in schools. The distinction between
formal education and informal learning will become blurred as students will
increasingly have access to computers both during school hours and after
school. In addition, through information utilities, software subscription



services, and telecommunication networks, students will have access to a far
greater range of software at lower costs. Moreover, graduation requirements
will become increasingly mastery-Lased and students will have opportunities to
take a larger number of electives for a variety of purposes, including: (a)
preparation for advanced placement testing; (b) part-time or full-time
employment opportunities; and (c) entertainment or recreation. The growing
accumulation of knowledge, the low cost of information storage, and the ease by
which information can be accessed will force schools to provide more
individualized, self-paced instruction and a wider range of offerings.

4. IMPACT ON TEACHERS

Teacher attitudes toward computers will become more positive in the next
three years as: (a) the installed base of microcomputers in schools increases
and more teachers are exposed to them; (b) their expertise in evaluating
courseware and integrating courseware into their curricula increases; (c)
high-quality simulations and other courseware (which can easily be integrated
into curricula) become available to them; and (d) they are involved in the
planning stages of the implementation of computer-based instruction. Many
teachers will continue to view CAI drill-and-practice as a means to reduce
boring, repetitous teaching and as a babysitter for disruptive students or slow
learners. Increasingly, however, teachers and administrators will view the
microcomputer as a job aid to assist them in managing individualized
instruction and to reduce time devoted to routinized activities and paper work.

Implementation of CMI systems must be preceded by extensive and in-depth
training of all instructional staff, principals, and key administrators,
particularly in the area of individualized instruction. Over the next three
years, one might reasonably expect heightened interest in CMI systems as: (a)
school staff see CMI as a means to assist in integrating appropriate
supplemental courseware into existing curriculum; (b) state departments of
education take a greater leadership role in attempting to ensure effective use
of technology at the local level; and (c) more and more high quality
comprehensive CMI and curriculum management packages become commercially
available, often as a result of state-wide software adoptions.

During the early 1980s, the computer-buff teacher played a pivotal role by
influencing building administrators to purchase computers. Marc recently,
however, such decisions have more frequently been made by formal and informal
committees at both the district and school building levels. While hardware
decisions are gravitating toward the district level, many software decisions
still remain at the building level, with teachers and principals having
considerable influence over selection decisions. In the next three years,
state- or district-level policy decisions related to technology use will have
varying impacts upon teachers' perceptions of decision making and control. As
education utility concepts are implemented and as the technology, memory
capacity, and other technological features of these utilities improve,
courseware options will increase dramatically to such an extent that teachers
and principals will be increasingly forced into a decision-making role with the
effect of major role changes for teachers.

If effective implementation of computer-based education is to occur, the
general perception of the teacher's role will have to change from that of a



deliverer of instruction to one of a manager of the learning process. During
the remainder of the decade, as a result of state or district policy,
technology will be viewed as an element of .staff productivity. It will be
increasingly used to measure and evaluate staff performance as a basis for
career ladder schemes (including merit or incentive pay) presently being
planned or implemented in approximately 25 states. Concurrent with this role
change will be increased staff differentiation with specialized roles for
aides, "media planners", and new positions which will emerge.



IV. COMPUTER LITERACY AND POST-SECONDARY EDUCATION

This chapter consists of an assessment of the importance of young peoples'
computer use in school to their prospects for post-secondary education. It
reviews the ways in which "computer literacy" is viewed in the context of
computers in education. It then reviews the impact of computers on
post-secondary education institutions and discusses computer literacy
requirements for college entrance.

Few surveys have been conducted with representatives from either businessand industry or post-secondary education and training institutions.
Information for the study has been gathered from: conversations with
occupational analysts; reports from panels; dialogues among educators and
business leaders; and discussions with representatives of the Association of
Societies for Training and Development. These conversations point to a
critical need for research on how different occupations are defining sumputer
literacy. Furthermore, aggregated information must be collected from colleges
and universities to assess more accurately what skills constitute computer
literacy and whether computer literacy will, in fact, become an overall
admissions requirement.

A. COMPUTER LITERACY

Both the concept and definition of computer literacy have changed
dramatically during the last'eight years and can be expected to c'Atinue to
change over the next decade. Moreover, Lhe concept of "computer" literacy will
be replaced by "technology" literacy as the distinctions among computers,
telecommunications, and other information technologies blur. The factors
responsible for the changing nature of the concept include the following:

advances in hardware technology;

improvements in software, which expand their range of applications and
their ease of use;

maturation of school staff and students in the use of computers;

the osmotic effect of the increasing proliferation of microcomputers in
business, homes, and society generally; and

policy initiatives undertaken by state education agencies is the area
of accreditation and suggested/mandated competencies for students as
graduation prerequisites.

1. IN THE BEGINNING

During the late 1970s, most decisions to use microcomputers in school.,
were made by computer-buff teachers -- usually in the math or science area --
and, to the extent these teachers tJed a computer as an object of instruction,
the "computer literacy" course was usually idiosyncratic to each teacher's
concept of computer literacy. In 1977, fewer than ten school districts had
formal computer literacy courses with guidelines and objectives organized in
structured curriculum.



Beginning in 1980, an increasing number of school districts began todevelop courses on computer literacy, generally at the junior and senior highlevels; most were electives. In 1980, one state (Minnesota) had writtenguidelines for a suggested (not mandated) course on computer literacy. It wasaround this time that the debate about computer literacy began to surface. Oneschool of thought, reflected in the writings of Arthur Luehrmann, argued thecritical need for teaching programming as part of computer literacy. In thewords of Luehrmann, "if you can tell the computer how to do the things you wantit to do, you are computer literate". This school argued that computerliteracy should be taught in laboratory-type situations and should includeprogramming. The other school of thought100 argued that computers should beconsidered a tool and that students need only be able to use the tool to work
effectively in the information age. Given the vigor of the debate and the lackof definitional consensus, a survey was conducted in 1982 of computer-usingschools to identify what topics could loosely be categorized as computerliteracy. 101 The results of this survey, summarized in Exhibit IV-1, indicatethe percentage of respondents who included specific topics in computer literacycourses for students.

Beginning in late 1982 and throughout 1983, a number of states began to
address the concept of computer literacy from a policy perspective and began to
influence local implementation of computer literacy courses through guidelines,
standards, and graduation requirements. Generally speaking, in those stateswhere governors and legislatures were attempting to tie computer literacy tothe development of "high' tech" centers, computer literacy was more
programming-based than in other states. In these programming-oriented computerliteracy programs, LOGO was the language taught at the elementary level; BASIC
and PASCAL were taught at the junior high and high school levels. In states
where computer literacy concepts were developed by state education agencies in
consultation with local districts, computer literacy was defined operationally
in three categories: (a) awareness of and orientation to computers, includinghistory; (b) functional or practical applications; and (c) advanced

g applications, including programming and software development. In virtually all
cases, Category (a) -- and to a lesser extent Category (b) -- were recommended
for students by the completion of junior high school; Category (c) was
generally tied into computer science courses, most frequently as an elective at
the high school level. In any case, states were recommending, and schools were
implementing, formal or informal courses referred to as "computer literacy".

Beginning In late 1983 and early 1984, the concept of computer literacy
underwent a significant change, especially in those states where no previouspolicy had been finalized. The rapid availability of commercial tool
application packages (e.g., spread sheets, word processing, and similarpackages) and the prevalence of microcomputers in regular classrooms (as
opposed to computer laboratories) increasingly provided opportunities for
creative teachers to integrate these tool applications into existing courses in
math, science, reading, writing, etc. This phenomenon was observed at both
elementary and secondary levels. Only in those states (e.g., Tennessee, Rhode
Island) with formal policies -- such as credits for graduation and formally
accredited computer literacy courses -- has the concept of formal,
laboratory-type computer literacy courses grown relative to integrated computer
use.-U-
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EXHIBIT IV-1

PERCENT OF SCHOOLS COVERING EACH
TOPIC IN A. COMPUTER LITERACY COURSE

TOPIC PERCENT

COMPUTER OPERATION

PROGRAMMING IN BASIC.LANGUAGE

PROGRAMMING IN OTHER LANGUAGES

HARDWARE AND SOFTWARE CONCEPTS

DATA PROCESSING TECHNIQUES

HISTORY OF COMPUTERS

PRACTICAL COMPUTER USES

ROLE & IMPACT OF COMPUTERS IN SOCIETY

COMPUTER CAREERS

OTHER TOPICS

53.

53

8

19

34

35

36

8



2. AT PRESENT

In 1983, an attempt was made to define computer literacy and to developitems which could be included in a national assessment.103 The members of thepanel did not arrive at consensus on a definition of computer literacy,although they did develop item pools for subsequent national or state surveys.The components of computer literacy which they developed highlight the beliefthat literacy will vary from person to person, from job to job, and from timeto time. It is unlikely, therefore, that today or in the immediate futurethere will be a universal definition of computer literacy. Operationally, the
concept will be defined by the policies, standards, objectives, and guidelines
of individual states and school districts.

Schools, however, are being encouraged to standardize computer literacy,
as evidenced by the first nationwide assessment of computer competency for
students scheduled for Spring 1986. The computer competencies of some 39,000
students ages 9, 13, and 17 in 30 states will be measured. The addition of
computing to the list of subjects periodically assessed by the NationalAssessment of Educational Progress (NAEP) -- which includes science,
mathematics, social studies, music, and art -- represents a "coming of age" for
computing, said Marc Tucker, head of the assessment committee.1°4 What remainsto be determined is the quality of planning upon which these local policy
decisions are based. Establishment of specific computer literacy standards,
however, assumes that computer-related technology is static. Policy makers
need to accept the changing nature of the technology and to develop practices
consistent with aoaptation to 'change.

3. ON THE HORIZON

In the next four to five years, a number of factors and events will
continue to affect the nature of computer literacy course offerings at the
local level and the type of computer skills which students will acquire
formally in the public schools.

Some technology experts believe that, by the end of the decade, the notion
of computer literacy will largely disappear as educators and :olioy makers
recognize that the computer is only one tool for survival and productivity in
the information age. "Technology literacy" will emerge as the coAvergence of
telecommunications and microcomputers blurs traditional lines of demarcation.In many states west of the Mississippi, where telecommunications is an
important education policy issue and systems are generally in place, this is
already occurring.

Tool applications software will continue to be integrated into regular
subject matter offerings. The high rate of acquisition and use of tool
applications in the public schools will continue at all levels for the
foreseeable future. Moreover, during 1965, some publishers will announce
instructional courseware packages which can be used by teachers and students to
tap into commercially available data bases (e.g., UPI, Dow-Jones) which have
heretofore had little use in education. The availability of these packages,
along with low-cost disc storage at the school building level, will increase
opportunities for data base use while reducing costly telephone connect-time
charges.
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Despite the availability of user-friendly hardware and software, a majorbarrier to acceptance will be the lack of teacher experience in the integrationand use of tool applications in curricula. In 1980, only three teacherscolleges in the country had specific courses on computer use in education. InMarch 1983, a national survey found that approximately 40 percent of the stateshad no teacher education institution with computer literacy as part of itsprogram. Indeed, to the extent that the computer literacy courses conducted bymany colleges and universities have been heavily influenced by departments ofcomputer science, many "computer literate" teachers may have to be givenadditional training, focusing on the use of tool and instructional managementapplications in the classroom.

Because or the evolving nature of technology and the changing applicationsof computers, some experts believe the creation of a national definition ornational standards for cwaputer literacy is neither necessary nor desirable.Further, the inclusion of computer literacy domains and items in national
standardization tests are likely to be counterproductive and could encourageschool districts to teach obsolete concepts. The education community hasdecided that some knowledge and skills pertaining to computers should beimparted to its students. The important question must be asked: Are theschools' computer literacy requirements grounded in the needs of students asthey leave secondary education?

B. COMPUTERS AND POST-SECONDARY EDUCATION

Almost as many high school graduates go on to college as enter the workforce and the military. Several different types of post-secondary educationalinstitutions exist in the United States: (1) vocationally-oriented,
noncollegiate post-secondary schools; (2) community (usually two-year)colleges; and (3) four-year colleges and universities 1L5 Training issues in
noncollegiate post-secondary institutions are addressed in another report
sponsored by the NCEP and entitled "Training for Work in the Computer Age"
(National Institute for Work and Learning, 1985) and are not within the purview
of this study. To avoid duplication of efforts, this discussion focuses on the
academic institutions.

1. COMPUTER ARRANGEMENTS ON CAMPUS

At present, a few dozen universities are actively placing computers in thehands of students; hundreds more are explcring such possibilities. Some active
institutions are incorporating personal computers as part of tuition. In some

h instances, equipment has been dorated to the university by equipment
vendors; in other instances, universities have worked out discount arrangementswith vendors for group purchases; in still other cases, universities havepurchased computer hardware for specific course offerings. These donations and
discounts are particularly prevalent from vendors with small shares of the
higher education computer market. In some instances, large university-widecontracts with vendors provide opportunities for individual professors and
students to purchase microcomputers for personal use.

Other factors have also influenced the computer policies of post-secondary
institutions. Colleges and universities have purchased microcomputers largely
because the older time-sharing (mainframe and minicomputer) systems lack



sufficient storage capacity, are expensive to upgrade and maintain, and are
often not readily accessible. Moreover, because high school seniors are
increasingly being prepared to use computers, they are demanding more ready
access to computers in college. Survey results from the American Council on
Education reveal that more than one-half of the freshmen who entered state
universities in 1983 had written at least one computer program, and about
one-third had taken at least one computer-assisted high school course.1°6

Many colleges have plans to create networks of microcomputers on their
campuses in order to increase the computing power available to students and t.)
increase communication among students and faculty.1°7 Networks are systems
whereby the personal computers are linked together on a local basis. Networks
can deliver electronic mail, display student bulletin boards, supply
information services and electronic library catalogues, and provide
communication among users. Administrators, students, and faculty are beginning
to view the computer less as a computing machine and more as a tool to be used
for broader applications. This is evidenced by the recent surge of university
departments -- other than engineering and computer science -- requiring
students to use personal computers for such functions as word processing in
English departments and spread sheets- in business departments. For example,
Colorado State University began a project in 1981 in which students in English
classes used the Bell Laboratory Writers Workbench series, a powerful word
processing program. The Writers Workbench series was the first extensive
collection of computer programs for textual analysis. Originally designed for
professional writers at Bell' Labs, the program was adapted by Colorado State
for use by college studentslab The success of the project has caused other
universities to use Writers Workbench in their English departments.

2. CAMPUSES INVOLVED IN PERSONAL COMPUTING

Although a relatively small number of colleges to date have formally
implemented computer use, there is evidence that more institutions will follow
suit. Larger private institutions, with their greater financial resources and
administrative flexibility, have led the campus microcomputer movement.
Exhibit IV-2 depicts the 15 colleges considered to be early adopters of
widespread computing on campus.1°9, liu

Shown in Exhibit IV-2 are some of the differences that exist among schools
with regard to implementation methods and major uses of computers. Only six of
the institutions actually require freshmen to have personal computers; others
have stationed clusters of computers or work stations around the campus for use
by any student. Still other institutions have purchased large numbers of
microcomputers for sale to students at discounted prices to encourage computer
use. Hardware selection also varies. Most colleges surveyed have selected a
single system. Others have made the decision to enter into agreements with
various vendors based on the assumption that no single make of microcomputer
could meet the needs of all students and staff.

Although a detailed list of all the uses of personal computers is nott

incorporated into the matrix (Exhibit IV-2), certain uses are coming to the
forefront. Almost all schools are networking local microcomputers together
and/or to e7eisting mainframe systems. Increased communication among faculty

and students is given high priority in these colleges. The number of schools
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EXHIBIT IV-1:

INSTITUTIONS OF HIGHER EDUCATION
AND PLANNED USES OF PERSONAL COMPUTERS
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integrating computer use across curriculum areas make apparent the shift from
specific engineering and computing uses to broader applications. A recent
national survey of colleges and universities found 66 percent of representative
faculty mei'bers indicated that either they or someone else in their aepartment
used computers in conjunction with a course being taught (including both
instructional and administrative uses). Another 20 percent indicated future
plans to use computers. When farther broken down by departments, academic
computer use was prevalent with 91 percent of business departments; followed by
88 percent of math and computer science departments; 83 percent technical and
agricultural departments; and 81 percent of science departments. Education
departments outpaced the other less technical disciplines with 75 percent
reporting current computer use; followed by 63 percent of social science
departments; 43 percent of health-related departments; and 42 percent of
humanities departments. 111 Other colleges and universities are also
encouraging computer ;Ise; among these are: the University of Mnryland,
Colorado State University; University of Illinois, Milwaukee Area Technical
College, New Jersey Institute of Technology; and Virginia Polytechnic Institute
... and the list is expected to grow.1129

Information regarding the impact of computers on community colleges is not
as precise as the picture of four-year colleges and universities, There are
12,000 community and junior colleges in the United States. In a recent
national survey, nearly 90 percent of the institutions surveyed report using
computers in instruction. While computer uses vary (e.g., automated job banks,
satellite communication, software-sharing consortia, interactive videodiscs),
precise implementation methods have not been studied. There is, however, no
question that computers have arrived at two-year colleges. Research concerning
instrucx,:onal applications is so scant in this area that the only discernable
pattern is that larger community colleges use RiOnframe systems, while smaller
institutions have stand-alone icrocomputers.114, 115

3. SKILL REQUIREMENTS FOR COLLEGE COMPUTING

It is difficult to assess the number of college departments that now
require computer-related skills for entrance. One survey of 50 colleges found
few absolute requirements. Members from six academic departments (i.e.,
computer science, mathematics, engineering, business, science, and liberal
arts) at each college were surveyed, with 78 percent of the 50 schools
responding. Findings from the survey indicate that computer-related entrance
requirements do exist for some departments within colleges; however, overall
admission requirements are far less likely to occur. The skill most needed was
typing (29 percent required; 67 percent nice to have), and specific backgrounds
in BASIC (nine percent, 67 percent), PASCAL (seven percent, 63 percent), or
FORTRAN (eight percent, 64 percent) was most desired.116

More than one-half of the institutions which responded indicated that
neither a knowledge of the history of computers and their social implications,
nor an ability to write programs was required. Feedback from additional
comments on the survey revealed that the respondents felt incoming college
students should have improved backgrounds in reading, writing, and mathematics
skills.



Although this survey did not provide evidence to sgest an overallcomputer literacy requirement for college admission, it was limited to thosecolleges which received the most applibations for admission from a single highschool (New Trier, Illinois). Moreover, the survey was conducted in 1982; withthe rapidity of policy changes that are occurring with respect to computer usein education, it is possible that the results are already outdated.

4. PROJECTIONS

In response to the national concern about the quality of post-secondaryeducation, the College Board sponsored a dozen dialogues involving educatorsand representatives from business and industry. These groups viewed thecomputer as basic to an understanding of the full range of procedures that maybe applied to organizing information and solving problems in diverse fields.Participants suggested that future college students will profit frompreparation that rdflects the broad and changing application of computertechno2 ogy, inclueing:117

a basic knowledge of how computers work and of common computer
terminology;

some ability to use the computer and appropriate software for:

self-instruction;
collection and retrieval of information;
word processing (including the development of keybo,rd, composition,
and editing skills);
modeling, simulations, and decision making; and
problem solving, both through the use of existing programs and
through development of one's own programs;

an awareness of when and how computers may be used in the academic
disciplines and various fields of work, as well 83 in daily life; and

some understanding of the problems and issues confronting individualsi 1=1 and soviet) generally -- in the use of computers, including thesocial and economic effects of computers and the ethics involved in
their use.

The number of computers for student use at institutions of highereducation are likely to increase as rapidly as they are in elementary andsecondary sclools. However, some experts disagree with the prediction thatwithin a few years, 90 percent of all colleges and universities will makecomputer literacy a requirement.118 The requirement that college students beable to use computers Is unlikely to be reflected in admission policies; ratherit will be manifest in policies that encourage students to buy or lease
microcomputers through group purchasing arrangements with hardware vendors. Intwo-year colleges where admission requirements are typically not as rigorous as
four-year institutions, microcomputer use is likely to be encnuraapd through
work stations and communication centers.



V. POLICY ISSUES

This final chapter addresses policy issues and strategies which face
educational decision makers at Federal, state, and local levels. Building uponthe findings presented in previous chapters, this discussion is based uponseveral fundamental assumptions: (a) that the Federal role, in place since the
mid-1960s, to ensure that every child has an equal educational opportunity willcontinue; Co) that state education agencies will expand their pivotal roles inthe area of technology use in education; (c) that the traditional roles of the
states in relation to local education agencies will continue to dictate the
relative levels of policy making in the different states; and (d) that
governments at all levels will continue to rely, where possible, on the private
sector through market mechanisms.

The policy discussion contained in this chapter is organized into five
interrelated issues: (a) effective computer use in education; (b) availability
of software; (c) equity and access to computers; (d) staff development; and (e)
computer literacy. Each isssue focuses upon topics which are of great interest
to policy makers in the education and technology communities and which are
within the power of government, at some level, to influence.

Each of the policy sections which follow presents: (a) a discussion ofthe issue from appropriate Federal, state, and local perspectives; (b) a
reiteration of relevant inforthation from prior chapters of the report; and (c)
the specification of some strategies which could be undertaken, at some
governmental level, to address the issue. The strategies presented for each
issue should not be considered mutually exclusive. Rather, they are a set of
activities which might be undertaken, either alone or in combination with other
actions, to address the issue.

A. EFFECTIVE USE OF COMPUTERS IN EDUCATION

The use of computers in education has increased dramatically over the last
decade -- from several hundred in the mid-1970s to projections of more than
700,000 by the next school year and nearly three million by the end of the
decad,-.. This growth can be attributed directly to declining costs of computing
power, pressures from parents on the schools, and the influence of
computer-buff staff within the schools. Aggressive advertAsing on the part of
hardware and software vendors has added to the momentum. Some experts feel
that parental pressures and increased advertising will continue to influence
schools to purchase more computers in the future.

The use of this equipment for computer-based learning has been proven
effective, under specific conditions, for both students and teachers. A small
but growing body of research findings on the effectiveness of computers in
education is beginning to emerge (see Chapter III). Research generally
indicates that computer-assisted instruction (CAI) has saved time and improved
performance with certain student populations (e.g., disadvantaged, special
education, gifted) when compared to traditional instruction and when the CAI
programs are implemented concomitantly with effective teaching practices.
Computer- managed instruction (CMI) programs have demonstrated cost-effective



results when used by well-trained teachers. In well-implemented CAI and CHI
programs, teacher and student attitudes toward subject matter and computers
have become more positive. The use of the computer as a tool for word
processing, spread sheet development, etc., which has increased greatly in the
current school year, will continue to grow for the remainder cr this decade,
particularly as telecommunications advances (such as education utilities) allow
students access to data bases for use in a variety of subject areas. Most
experts agree that students with computer-using skills (not necessarily
programming) will be more productive than their nontechnological colleagues in
the information age -- now and in the future.

Most policy-making officials within school districts are interested in
using computers effectively, either to increase student performance or to save
time and paper work for staff. Most officials are unaware, however, of current
research findings on effective computer applications and the conditions under
which computer use can be expected to be effective. With few exceptions,
school districts have not formulated plans for computer use nor have they
invested in the staff development and institutional reform necessary to realize
the potential benefits which computers offer.

State-level policy makers are becoming increasingly concerned about the
effective use of computers -- especially in state-funded programs -- and are
establishing mechanisms to avoid duplication of effort and waste. Moreover,
the emergence of state-wide telecommunication systems will necessarily affect
the educational use of computers at the local level.

Federal policy makers have heightened the consciousness of the American
public and have stressed the pursuit of excellence in education. This thrust
has been felt in state capitals, as well as at the community and school board
levels. To the extent state and local policy makers have relied upon emerging
electronic technology as a means of achieving excellence, and as schools have
used funds under Federal block grant (e.g., Education Consolidation and
Improvement Act Chapter II) and categorical programs (e.g., P.L. 94-142,
Education Consolidation and Improvement Act Chapter I) to purchase hardware and
software, both the Congress and the executive branch have a vested interest in
the effective use of computers in the schools. The U. S. Department of
Education (ED) has sponsored several surveys of computer use in schools,
although the findings have often been limited and are frequently out of date
because of the lengthy reporting process and the ever - changing uses of
technology in the schools. ED has also, on a periodic basis, funded projects
to provide information and technical assistance to state policy makers.
Through its Special Education Programs division, the Department has also
sponsored the development and/or adaptation of hardware and software for use in
special education and has funded the creation of centers to provide information
on courseware appropriate for special education populations and to assist
software developers. Through its Center for Libraries and Education
Improvement, ED has also sponsored the development of a number of comprehensive
technology-based learning systems. Moreover, the National Science Foundation
recently funded several software development projects which are designed to
result in computer-based simulation in school science programs. Aside from a
few small case studies which explore the effects and effectiveness of specific
computer applications for special education populations, the Department of
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Education nas not funded any major research or evaluation effort which
idresses the effectiveness of the use of computers in education since 7976.

Federal policy makers interested in encouraging the effective use of computers
in education have at their disposal no comprehensive information base. To
formulate policy, they will necessarily rely heavily upon limited information
and tvItimony of individuals who represent vested interests.

Below we discuss several policy options for addressing the issue of
effective :se of computers in education, with a particular focus upon Federal
and state roles.

STRATEGY: DISSEMINATE IWFORMATION ON EFFECTIVE USE

The perceived need, at the school district level, for information on
effective use of computers in education exists now and will grow rapidly for at
least the next three years. Information needs fall into two categories: (a)
empirical findings on the effects and effectiveness of computer use; and (b)
information on best practices.

The U. S. Department of Education (ED) is presently spending several
million dollars on studies and projects indirectly related to these research
and evaluation issues. Assuming this issue is given high priority, one ED
office could be given responsibility for designing and coordinating these
initiatives with authority to expend appropriate funds, to ensure adequate
access to research findings and data bases, and to disseminate information to
users. For the most part, existing funds could be used to support such
initiatives. This highpriority program of dissemination initiatives would not
only provide the critical mass needed to address adequately the research
issues, but would also minimize duplication of effort. Research and evaluation
findings could be disseminated to state education agencies, the majority of
which have offices presently in place T.:, forward such information about
technology use to local school districts. State education agencies are better
equipped and staffed to disseminate research findings than to sponsor and/or
conduct research on the effective use of 5omputers in education.

STRATEGY: TARGET COMPUTER USE ON SPECIFIC POPULATIONS

A second option for Federal and state policy makers is to encourage the
use of computer education with target populations, most of which receive
Federal and/or state categorical or programmatic funding. These populations
include special education, bilingual/Limited English Proficient (LEP), and
disadvantaged students (Chapter I). Appropriate initiatives include: (a)
collection and dissemination of research findings; (b) identification,
documentation, and dissemination of best practices; and (c) modification of
rules and regulations to encourage the use of computers with special needs
populations.

To some extent, ED (through its Office of Special Education Programs) is
encouraging targeted use in special education and has a limited number of
studies underway which address the effects and effectiveness of computers used
with specific exceptionalities. Few efforts have been undertaken at the
Federal or state levels with respect to bilingual/LEP students. A small number



of initiatives for disadvantaged students or compensatory education programs
have been undertaken by a few states. These suggested, targeted initiatives
will help to ensure equal access to technology for all students and will direct
funding at student populations for which computer-based education has
demonstrated some success.

This approach of targeting state and Federal action toward specific types
of student populations carries some obvious, and some more subtle,
shortcomings:

1. Funding would be difficult to obtain under existing appropriations and
regulations. With the exception of special education, little funding is
available at the Federal or state levels to support in-depth studies and
evaluations of effective use or computers in specific programs and, where
monies might be available at the state level, regulations do not permit
funds for such purposes (e.g., administrative set-asides). Moreover, if
funds were made available through other sources (e.g., Secretary's
discretionary fund, individual state legislative appropriations), policy
makers would be unable to coordinate initiatives effectively and the
overall effort would tend to be fragmented and probably dysfunctional.

2. Staff and organizational authority for technology use would be
difficult to obtain. At the Federal level, offices responsible for
technology use are usually small, understaffed, underfunded, and without
direct access to high-level officials. Moreover, they have evolved in
various Federal offices without a coordinated plan. At the state level,
the technology authority is seldom located in one of the categorical
programs serving special needs populations. Few states have established
technology policy task forces for state-wide planning that involve
officials from special education, bilingual education, vocational
education, and compensatory education branches. In states where
technology coordinators exist within the various special needs programs,
seldom do they have the authority and discretionary funds to implement
appropriate research, development, and evaluation initiatives.

3. A review of rules and regulations affecting special needs programs
must be conducted at both the Federal and state levels to ensure that
local districts have the opportunity to use their computers in an
appropriate manner without undue concern about future audit exceptions.
Clarification of appropriate uses of computers and other technologies in
zpecial needs programs will not only minimize equity problems, but also
result in greater utilization of existing hardware and software in schools
generally. Those responsible for regulatory reviews should take into
account both existing computer-related configurations iind the changes
envisioned for the future (e.g., local education utilities).

B. AVAILABILITY OF SOFTWARE

The quality and quantity of software for use in education remains a
continuing policy-related issue, although the nature of the issue has changed
and will continue to change throughout this decade. During the late 1970s, the
availability of courseware was considered to be the major constraint to the use
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of computers for instructional purposes.119 During the early 1980s, most ofthe commercially-available courseware was drill-and-practice used for remedialand enrichment purposes and targeted at the general education market. Duringthis period, a number of (primarily institutional) education coursewaredevelopers and publishers redirected their efforts toward the home educationmarket, resulting in similar packages for the two markets. For the most part,available courseware was not designed for special needs populations. Recently,many publishers and developers have again targeted on the institutionaleducation market and have begun to develop simulation, tutorial, and otherinstructional packages which go far beyond simple drill-and-practice.Moreover, in response to planned textbook adoption changes in California andTexas, several major publishers recently announced the availability of"textware", in which software packages are integrated into basal text seriesand which include instructional management components. The 1983-84 school yearsaw a dramatic increase in the availability of commercial tool applications;use of such packages is expected to continue growing for the next three years,focusing primarily on the integration of data bases into instruction.

Many experts generally agree that, during the last five years, not onlydid the range and quantity of software increase but also the qua..ity ofcourseware improved, thus expanding its potential use in a variety of subjectmatter areas. Indeed, most experts agree that major problems confronti-::,school districts is now the selection of quality packages which can be easilyintegrated into curriculum areas.

While the quantity and, to a lesser extent, the quality of courseware hasincreased, corresponding increases have not occurred in such thin market areasas bilingual education/LEP programs, certain elements of special education
programs, and specific disciplines within vocational education. To the extentthat computer-based education is important to these special needs population
students and that equal education opportunity is a national policy (see the
issue below), then the availability of computer-based education in these areasis an important issue. To address the software constraints to access forspecial needs students, a number of policy options appear to be feasible. The
options discussed below are presently being considered or (Pt least partially)
implemented in specific areas.

STRATEGY; SUPPORT SOFTWARE DEVELOPMENT

In what have been called "thin" markets, the development or appropriate
educational software has been both sparse and fragmented. The use of Federalfunds to support materials, media, and software development/adaptation inspecial education was instituted in the 1970s. The office within theDepartment of Education responsible for bilingual education and programs forLEP students has begun to fund a number of pilot or demonstration projectsinvolving computers; a recent review of these projects, however, indicated thatfew of them could even be evaluated because of their unclear objectives andtheir lack of focus on software sevelopment. Similarly, very few software
development projects have been funded in vocational education at the Federal
level.



Few state education agencies have funded special needs software
development projects, with the exception of special education administrative
packages. Only a few large urban districts (e.g., the Houston (Texas)
Independent School District) have initiated major comprehensive software
development efforts in such areas as bilingual education.

While some experts believe that the availablity of courseware for special
education students will come close to meeting the requirements of special
education teachers and students, most agree that, without some intervention
strategy, a software shortfall will continue for other special needs
populations. In order to meet these software needs, a comprehensive software
development activity must be mounted for bilingual education/LEP programs. At
the Federal level, large increases in funding would be necessary to meet the
needs of the different language populations. Involvement of hardware
manufacturers may be required to accommodate different type fonts and
collaboration with foreign language developers may also be beneficial. Even if
Federal or state funds become available, a consideraable amount of planning
must be undertaken to ensure that feasible mechanisms for contract development
and follow-up support (e.g., teacher training) are designed.

In vocational education, it appears that existing overall funding levels
would allow continued or even expanded software development efforts, if
technology were given high priority. The recently reauthorized vocational
education act emphasizes the need to improve the quality of vocational
education programs. Generally speaking, the software development categories
which appear to be of high priority are those areas in which appropriate
software -- particularly too]. applications --M are not currently available
(e.g., health occupations).

STRATEGY: AGGREGATE MARKETS

Another approach to the issue of software availability is based primarily
upon aggregation of markets within special need categories. With or without
Federal financial assistance, states and urban districts with similar needs in
bilingual or vocational education would be encouraged to form consortia which
would specify the types of software products they desire, thereby guaranteeing
a market large enough to encourage the private sector to invest in necessary
development. In certain cases, sharing of development costs between the
consortia and the publishers may be required. Subsequent assistance in
marketing, distribution, training, and follow-up support may also become a
joint effort. Federal fUnds may, in some cases, be required tc cover the costs
of creating and administering such consortia.

This option would shift the major funding of development activities from
the Federal level to the state or local level. It would decentralize the
development of specifications for software packages to individual states which
would, in turn, receive input from potential users at the district level. Such
an approach would minimize political allegations regarding the creation of a
"national curriculum". If planned correctly, this option would ensure close
collaboration between the developer and the end users in both development and
distribution, thus enhancing the success. If participating states or'districts
have low-cost telecommunications capabilities for electronic distribution of
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software (e.g., through state or local utilities), opportunities for access tothe software would be greatly increased.

C. EQUITY AND ACCESS

Because of the lack of comprehensive information on computer use byvarious populations, the degree to which an equity problem currently exists isa matter of considerable conjecture. Moreover, experts generally agree thatthe nature of the problem will change over the next five years, becoming morequalitative than quantitative. Studies conducted primarily by individualstates indicate that the ratio of computers to students in compensatoryprograms is equal to or, f.n some cases, higher than in education generally.However, the types of courseware available for these populations is usuallydrill-and-practice, which is qualitatively different from the moresophisticated courseware (e.g., simulation, tutorial) used to improveMaher-order skills. Most experts agree that adequate access will remain aproblem for LEP students and bilingual programs because of the lack ofappropriate courseware. Moreover, at the secondary level, many LEP studentswill not have the basic skills required by computer science and computerliteracy courses.

The gender equity problem has changed in recent years. During the early19805, male students had higher proportional enrollments in secondary and
post-secondary computer-based education and computer literacy programs.Recently, however, limited st4idies have found increased proportions of femalestudents in these courses. Moreover, for those females enrolled, attitude andconfidence measures were not statistically different from males. A recentreport by the Project on Equal Education Rights (PEER), on the other hand,found that enrollment of females in high school computer-based educationprograms was still proportionately lower than that of males. In instanceswhere female enrollment increased, they were often in preparation courses forlower-paying jobs.

STRATEGY: ASSESS THE PROBLEM

Given the conflicting reports and study findings on the equity/accessissue and the volatile nature of the problem, particularly with special needspopulations, a comprehensive national stidy addressing the issue would serve todetermine the exis..ence and severity of the problem. Specifically, such astudy should attempt to answer the following questions: (a) what measuresshould be used to assess the nature and extent of the equity/access issue?; (b)to 4hat *extent does the problem exist generally and among special needspopulations?; and (c) what practices and models appear to be working best atthe state and local levels to correct imbalances in access and promote equity?This study could be a separate comprehensive study or part of a large-scaledata base on computer use in schools recommended earlier. Although the costsof such a study and the maintenance of a data base would be minimal, thefindings would contribute considerably to a rational debate on the issue withinthe Congress and among Federal and state policy makers.



STRATEGY: DEVELOP TARGETED INITIATIVES

If Federal and state policy continue to provide for equal educationopportunities for all students, a set of initiatives targeted at special needs
populations should be considered. Some of the initiatives to be included are:

1. Federal and state regulations associated with categorical programsshould be reviewed and, where necessary, modified to encourage the use of
computers in programs receiving state and Federal funding.

2. Funds should be targeted to reduce or remove existing barriers:

In bilingual/LEP programs, the major bottlenecks appear to be the
lack of appropriate courseware, the high cost of distribution, and
the lack of trained staff.

For handicapped programs, the major barrier is the high cost of
production and distribution, maintenance, and servicing of
sophisticated communication and augmentative devices for severely
handicapped students.

For female students, a major barrier is stereotyping, which may
require major leadership initiatives at the state and local levels
to ameliorate traqition and entrenched perceptions on the part of
school staff and the community at large.

The equity/access issue is evolutionary; some believe. it is in atransition phase today and may, over time, resolve itself. Paradoxically,
during the late 1960s computers were looked upon as a means to provide quality
education opportunities for all students. Now, because of the availability of
computers in wealthy schools and in homes of middle- and upper-income families,
the limited availability of technology has become an issue itself.

D. STAFF DEVELOPMENT AND PLANNING

All experts who participated in this project agree that teacher training
on effective techniques for using computers and related technology in the
classroom will be critical to its long-term success in improving student
performance. A second important factor is systematic planning which has
occurred in only about one-quarter of the school districts which have
implemented technology. In far too many instances, school districts have
initially purchased microcomputers and used them in experimental modes. Only
after the number of computers reaches a "critical mass" and problems surface do
school policy makers realize the crucial need for staff training and systematic
planning.

Most experts agree that staff development should be skill-based,
addressing some of the key problems in the use of software (e.g., integration
of courseware into curriculum). In-service programs, conducted by experienced
computer-using school staff, should be relied upon more heavily than programs
conducted by teacher training institutions. While program accreditation and
teacher certification may be appropriate long-range policy instruments, most
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experts believe that the process of creating such instruments will be lengthyand will lack necessary flexibility, thus constraining the effective use oftechnology in the classroom. As industry progressively assumes a leadership
role in technology-based education and training, local firms using technology
in their own training programs can assist school districts in their teacher
training.

The need for systematic technology planning generally exceeds theavailability and commitment of resources to conduct such planning. Virtuallyall state departments of education and many local districts have developed
planning guides, manuals. etc. which could be used by schools in planning forcomputer use. However-, political turf battles and threatened organizationalempires within districts often hamper serious planning. For school districts
to implement effective planning, cliarly delineated responsibilities must be
defined and, in most instances, new organizational structures must be formed.

STRATEGY: EXPAND EXISTING INITIATIVES

Existing initiatives at the Federal and state levels must be strengthened
and expanded. Administered by the U. S. Department of Education, the Emergency
Education Security Act of 1984 is presently allocating approximately $100million to states, institutions of higher education, and local districts to
improve instruction in math and science. Several provisions of this law
require that recipients Ust initial monies to train staff in math and science
education, including the use of technology, before other formula funds can be
used for hardware, software, and related materials. States are required to
conduct needs assessments and, if existing teacher training needs are alreadymet, to justify expenditures for other purposes. The National Science
Foundation has received increased funding over the last two years to improve
the quality of math and science instruction and to foster the development of
related technology -based materials. Both of these programs should encouragelocal in-service training which focuses on computer-based instruction in
operational settings. Federal offices responsible for consolidated and
categorical programs should also encourage state and district officials to
allocate larger portions of their funding toward systematic planning and staff
development activities related to technology use.

Several states have undertaken initiatives focusing upon planning and
training programs. Minnesota, for example, requires districts to submit plans
for technology use, including staff development components, before they qualify
for state software purchase subsidies. As of September 1983, Utah has mandatedthat all new teachers employed in the State be computer literate. Tennesseehas implemented a training-of-trainers approach to implement their "Computer
Skills Next" program state-wide over the next two years. Such exemplary
planning and training practices should be disseminated to other states
(including governor's offices and legislatures).

The private sector, including some nardware and software vendors, has
supported technology training programs for state and local education staff.
For example, the IBM Corporation is supporting national teacher training
institutes which plans to implement 90 centers in states across the country.
Tandy Corporation provides computer literacy training for teachers in their

-72- SO



Radio Shack computer centers. A number of local employers in cities across the
country are providing tacher training and planning assistance to school
districts through educat Al industry partnership prorams.

STRATEGY: DEVELOP EXTENSIVE TRAINING PROGRAM

Most experts agree that 4f the new generation of microcomputer-based
education is to realize its full potential, then a massive training initiative
must be undertaken involving all levels of government and rrivate sector.
Among the topics to be covered in such training are:

The introduction of expert systems into education decision making will
change fundamental staff roles, creating new positions requiring
in-depth and new types of training.

Computer-managed instruction, if implemented successfully, will require
comprehensive training in principles of individualized instruction.

The emergence of local education utilities offering a wide array of
software and data base offerings will require the implementation of
sophisticated training activities if these systems' potential benefits
are to be realized.

Before the end of this decade, approximately 40 percent of the country's
existing teacher cadre will reach retirement age. It is not clear that new
financial and other incentives will be enough to attract and retain good math
and science teachers in public schools. Only a massive training effort,
involving the three levels of government and the private sector, which rallies
the human, financial, and other resources available to public education, will
begin to solve the problem.

E. COMPUTER LITERACY

Computer literacy is a rapidly changing concept defined differently by
different people and interest groups. Originally conceived a decade ago as a
catch-all term to include a general knowledge of the technology, computer
literacy has, in recent years, become the focus of more specific and varied
definitions. To this point, attempts to develop a uniform definition of
computer literacy have been unsuccessful.

Most experts believe that the concept of computer literacy will change as
education policy makers view the computer as one of several technology tools
for the emerging information age. Some experts also believe that it would be
detrimental to establish, directly or indirectly, a national definition -- or
even national standards -- for computer literacy. Experts are also extremely
concerned about recent attempts to include specific computer literacy items and
domains on national standardized tests or other assessment tests which allow
comparisons among states and among local districts within states. In the long
run, national computer literacy standards and standardized testing would,
experts argue, result in the propagation of obsolete standards as the nature of
technology changes rapidly and new applications emerge. Given the grassroots
nature of the computer-based education movement and the state and local
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initiatives already underway, many experts consider that such national attempts
to establish standards would stifle creativity and encourage teaching of
obsolete concepts.

STRATEGY: FOSTER ENLIGHTENED DEBATE

Although most experts believe a generally laissez-faire approach to
computer literacy is dictated, it would be foolish to ignore the valuable
contributions to technology awareness that can be made by the various parties
to the computer literacy question. The only true option available to policy
makers is the fostering of a comprehensive and enlightened debate on the
Various issues surrounding the computer literacy concept. The two critical
policy questions to be addressed in this debate are:

1. Should attempts be made at the Federal level to establish standards
for computer literacy, or should technology standards evolve over time
through the assimilation of definitions, proficiencies, and skills
identified by states and local school districts?

2. Is it desirable to have students tested for computer literacy on
national standardized tests or should students be tested on
performance-based skills developed by local or state education agencies?
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APPENDIX A

PROJECT METHODOLOGY

The study's design called for the gathering of research on three specific
topics:

1. The Use of Computers in Schools: What is the basis for the growing
use of computers in the education of young people, from preschool through
grade 12? To what extent are computers currently in schools and to what
extent are they likely to be in schools by 1990? What uses are, and will
be, made of computers? What factors encourage or discourage the diffusion
of computers in schools? How have different schools and school districts
acquired the equipment and how are they likely to have acquired it by 1990
and 1995? Are there reallocations within budgets in order to obtain the
equipment and software? For each of these questions, are there
differences among schools and school districts across regions; states,
urban, suburban, and rural locations; and areas with different levels of
resources available for education?

2. Performance and Attitudinal Effects of Computers: What are the
effects of computers on students' attitudes toward school and on their
performance in subject areas in which computers are used? Are there
reallocations of students' time among subjects? Are there differences in
attitudes or perfomance among students by other demographic or educational
characteristics? What are the effects of computers on the attitudes of
teachers and other school staff?

3. Computer Effects on Student Employment and Post-Secondary Education:
What are the alternative ways in which the term "computer literacy:" is
being used in the context of computers in education? Do employers, or a'e
employers likely to, view "computer literacy" as a credentialling device
for certain occupations or for employment generally? Do post-secondary
institutions, or are post-secondary institutions likely to, view "computer
literacy" as an entrance requirement for education or training programs?
Does, or will, increasing the amount of computer time per student in
grades K-12 reduce the amount of training time these students need to
erter occupations that use computers or computer-based equipment?

Each of these three principal subjects was dealt with in a project working
paper describing research finding in the area and pfojecting relevant trends
for the future. These three working papers form the basis for Chapters II,
III, and IV of this report.

Drawing upon the conclusions formed on these three topics, a fourth
working paper was prepared developing a series of major policy issues which
will have to be addressed if computers are to achieve their potential for
improving American education. Within each policy issue were enumerated some
policy options which might be entertained at Federal, state, and local levels
and by the private sector. This working paper is the basis for Chapter V of
this report,
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In order that the project obtain a wide range of views on the subject ofcomputers in schools, a panel of respected experts was convened for the purposeof reviewing and refin,Ing the four working papers. This panel drew itsmembership from many disciplines, including: universities, public schoolsystems, state departments of education, software publishers, employers,educational technology media, and the Federal government. A listing of theindividuals who participated with us in the study is included as Exhibit A-1.Each panel member brought to the project a unique perspective on the topic andoffered, in some cases, strongly held opinions on items raised in the workingpapers. Brch written and oral comments of participating experts have beenincorporated into this report.
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EXHIBIT A-1

COMPUTER USE IN EDUCATION
MEETING ATTENDEES

January 10-11, 1985

Ms. Gwen Callas-Miller
Office Information and
Decision support Services

TRW

23555 Euclid Avenue
Cleveland, Ohio 44117
(216) 383-2121

Dr. Sylvia Charp (T.H.E. Journal)
39 Maple Avenue
Upper Darby, Pennsylvania 19082
(215) 789-7498

Mr. George Hall
Natl. Information Utility Corp.
8150 Leesburg Pike
Suite 1400
Vienna, Virginia 22180
(703) 734-7000

Dr. Alan M. Hofmeister
Vice President for Research
Utah State University
UMC 68, Exceptional Child Center
Logan, Utah 84322
(801) 753-7973

Ms. Kathleen M. Hurley
Vice President of Marketing
Grolier Electronic Publishing
95 Madison Avenue
New York, New York 10016
(212) 696-9750

EXPERT PANEL

Dr. Andy Molnar
National Science Foundation
1800 G Street, N. W,
Washington, D. C. 20006
(202) 357-7539

Dr. Gary M. Ingersoll (Indiana Univ)
2542 Spicewood Lane
Bloomington, Indiana 47401

(812) 339-9610

Dr. Raney Pennington
Office of State Superintendent
Georgia Department of Education
Two Towers East
Atlanta, Georgia 30334
(404) 656-2008

Mr. Ron E. Saunders
Director
Omnibus Associates
2521 North Utah Street
Arlington, Virginia 22207
(703) 276-195?

Dr. Pat Sturdivant
Department of Technology
Houston Independent School District
5300 San Felipe
Houston, Texas 77056
(713) 960-8888

Dr. Judy Wilson (not present)
Director, MICC
University of Kansas Medical Center
39th and Rainbow Boulevard
Kansas City, Kansas 66103
(913) 588-5985

Ms. Anne Wujcik
LINK/TALMIS
215 Park Avenue South
New York, New York 10003
(212) 473-5600

National Commission for
Employment Policy

1522 K Street, N. W.
Suite 300
Washington, D. C. 20005
(202) 724-1571

Commission attendees:

Sara Toye, Project Officer
Carol Romero
Steve Baldwin
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