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Chapter 7

Research and Development:
Past Support, Promising Directions

INTRODUCTION

American education is at a crucia juncture. The
demands on schooling in our pluralistic society are
greater than they have ever been. An increasing per-
centage of students are educationall at risk, and
demographic projections make clear that this prob-
lem will continue to grow. In addition, schools must
prepare al young people with a new set of skills and
understandings to assure the Nation's economic
competitiveness. At the same time, technology makes
it possible to consider real improvementsin the
productivit, of both teaching and learning. Taken
together, these forces could change what is taught,
when it is taught, how it is taught, and the nature
of teaching as a profession. * Because of the great

‘See U.S. Congress, Office of Technology Assessment, Technolog,
and the American Economic Transition: Choices for the Future, OTA-
TET-283 (Washington, DC: U.S. Government Printing Office, May
1988), pp. 47-49.

promise offered by interactive technologies for
learning, Congress needs to consider a substantial
Federal investment in research and development
(R&D) to exploit more fully the power and po-
tential of technology for education.

In the past, education has been at the far end of
the information technolog, R&D pipeline. Ideas
have taken up to 20 years to move from basic re-
search to school application. Although the technol-
ogy is changing rapidly, current policies inhibit the
flow of ideas along the continuum from research to
development, evaluation, and dissemination. Many
barriers block this flow. They include the absence
of a coordinated Federal policy, limited and short-
term funding, erratic political support, and disor-
ganized R&D efforts across agencies. As a result,
many opportunities have been delayed; others may
have been lost altogether.

FINDINGS
- Public education K-12 is a $150 billion a year busi- . With no lead agency for educational technology

ness. The Federal Government spends not even
0.1 percent of that amount on research to improve
it.

- The Department of Education’s $128 million
share of the $63 billion fiscal year 1988 Federa
R&D budget amounts to 0.2 percent of al Fed-
era R&D. And the Department of Education’s
own rt])udget devotes less than 0.5 percent to re-
search.

R&D and no structure for coordinating activi-
ties across agencies, there has been no strategic
planning, little long-term evaluation, and missed
opportunity for transferring findings across agen-
cies with similar research interests. Despite these
difficulties, some of the best educational technol-
ogy products in use in schools today are the out-
comes of Federal investments in R&D since the
1960s.

- Funding for educational technolog,R&D has . Military agencies provided approximately three-

been inconsistent over the last 30 years. Educa-
tional priorities have been buffeted by the winds
of political change, making long-term commit-
ments rare.

quarters of all funding for educational technol-
ogy research over the last three decades, support-
ing much of the early work on computer-assisted
instruction (CALl), cognition, and simulation for
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skills training. Research in artificial intelligence
and advanced computing applications continues
to be important for education, but military re-
search may no longer be the patron of such work.

e Where civilian R&D finding for educational tech-
nology has been focused and consistent, the in-
vestment has produced important results. Exam-
ples include technology to improve educational
opportunities for the handicapped and learning
disabled; development of public broadcasting fa-
cilities and innovative children’s programming,
from Sesame Street t0 Square One TV; and the
development of LOGO, a computer programming
language for children.

Research in cognitive science, allied with devel-
opments in computer-based technology, the in-
stalled base of technology in the schools, and
teachers willing to experiment create today’s
“window of opportunity” for improving educa-
tion. R&D seeding could bear fruit. Among the
most promising new research developments are:

- Intelligent tutoring systems that can make the
services of an expert and responsive tutor regu-
larly available to the learner.

- Applications that exploit the computer as a flex-
ible multimedia controller, enhancing curricu-
lum with the richness of video, graphic, and au-
dio representations of information.

- Simulations, microworlds, and exploratory lab-
oratory experiences in all disciplines that en-
able students to gain understanding through ex-
ploration, manipulation, and guided discovery.

- Integrated tools and “intelligence extenders’
that help students to move beyond low-level
tasks and concentrate instead on more cogni-
tively demanding learning and problem solving.

- New assessment measures that track learning,
diagnose students’ conceptual understandings,
and evaluate the attainment of nontrivial skills.

- Design tools, authoring systems, and knowledge
kits that enable teachers to create and shape

their own teaching materials, to modify curric-
ulum, or develop individualized lessons for their
students.

- New curriculum based on a changing vision of
the skills students need in the information age,
shifting much of the emphasis from what to
learn tO how to learn.

Promising developments require closer ties be-
tween the research community and the classroom
and contributions from many fields.

- A new dialog must be established among
teachers, researchers, and school administrators
to tie classroom needs and realities to promis-
ing research findings and technology applica-
tions. Without close ties between the labora-
tory, the design facility, and the classroom,
technology that is needed may not be devel-
oped; that which is developed may not be
adopted or successfully used by teachers.

« Educationa technology R&D requires interdis-
ciplinary research, pulling together expertise in
cognitive science, artificial intelligence, com-
puter science, anthropology and sociology, psy-
chology, instructional design, and education.
Interdisciplinary researchers are in short sup-
ply, and their research requires stable, long-term
investments, to support advanced hardware and
software and to sustain projects from prototype
development to evaluation in real school settings.

OTA concludes that the Federal Government
must play a much greater role in supporting and
coordinating research, development, and demon-
stration in educational technology. While the
States and local districts can and will support some
aspects of technology implementation, and private
industry should continue to play a role, neither the
States, the districts, nor the private sector has the
capacity or incentive to conduct long-term research,
promote comprehensive development, or dissemi-
nate promising results.
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EDUCATION AND R&D: A NATIONAL PERSPECTIVE

The national investment in education and train-
ing is huge. As a nation we spend somewhere in
the range of $300 to $500 billion a year on al types
of education and training, in schools and in indus-
try. About $150 hillion of that is spent by States,
locdlities, and the Federal Government on public
education. The Department of Education’s budget
request for fiscal year 1989 is $21.2 hillion.

R&D is aso a magjor investment. The United
States currently invests over $120 billion per year,
just under 3 percent of the gross national product,
in public and private R&D. The Federal Govern-
ment share of R&D is $63 hillion, 62 percent of
which is military R&D. Education R& D commands
less than 0.1 percent of the Federal R& D budget
(see figure 7-1). Since 1980, funding for education

‘Ibid., p. 47.

Figure 7-1.—Obligations for R&D in the U.S.
Department of Education as a Percent of All Federal
R&D Obligations, 1979-88
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SOURCE Office of Technology Assessment, based on National Science Foun-
dation, “Federal Funds for Research and Development,” detailed
statistical tables, 1987.

R&D has decreased dramatically, while both Fed-
eral and overall spending for education increased. '
Moreover the National Institute of Education’s ex-
penditures for research have decreased since the
early 1970s by more than 70 percent in constant
dollars at the same time that the overall Federa in-
vestment in education increased by 38 percent’
(see figure 7-2a and b).

*See U.S. Congress, Congressional Research Ser\’ice, U.S. Depart-
ment of Education: Major Program Trends, Fiscal Years 19580-89, Re-
port 88-330 EPW (Washington, DC: April 1988), pp. 97-100;and U.S.
Congress, General Accounting Office, R&D Funding: The Department
of Education in Perspective, Report PEMD-88- 18FS (Washington, DC:
May 1988).

‘For a fuller analysis, see U.S. Congress, General Accounting Of-
fice, Education In formation: Changes in Funds and Priorities Have Af-
fected Production and Quality, Report PEMD 88-4 (Washington, DC:

November 1987).

Figure 7-2a.—U.S. Department of Education
Obligations in Current and Constant 1972 Dollars for
Fiscal Years 1973-86*
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Ancludes the Office of Planning, Budget, and Evaluation, the National Center
for Educational Statistics, and the National Institute of Education. Constant 1972
dollars are computed by using the implicit price deflator for federal Govern-
ment purchases of goods and services as reported in Survey of Current Business.

SOURCE: US. Congress, General Accounting Office, “Education Information,
Changes in Funds and Priorities Have Affected Production and
Quality,” Report to the Chairman, Subcommittee on Select Education,
House Committee on Education and Labor, November 1987,
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FEDERAL SUPPORT FOR EDUCATIONAL TECHNOLOGY R&D’

It is exceedingly difficult to isolate and quantify
the exact amount the Federal Government invests
in R&D for educational technology. Expenditures
are fragmented among and across departments,
agencies, bureaus, offices, and programs. It is even
harder to trace these funds over the years, because
of reorganizations and shifts at all levels of govern-
ment. OTA’s estimate of Federal support for educa-
tional technology R&D is based on an analysis of
the three agencies that have been the major fun-
dersin this area: the Department of Defense (DaoD),
the National Science Foundation (NSF), and the
Office of Education/Department of Education. Di-

5This section draws heavily on Charles Blaschke et al., Education
Turnkey Systems, “Support for Educational Technology R&D: The
Federal Role,” OTA contractor report, Sept. 30, 1987.

Figure 7-2b.—National Institute of Education
Obligations in Current and Constant 1972 Dollars for
Fiscal Years 1973-86°
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aConstant 1972 dollars are computed by using the implicit price deflator for Fed-
eral Government purchases of goods and services as reported in Survey of Cur-
rent Business.

SOURCE: U.S. Congress, General Accounting Office, “’Education Information,
Changes in Funds and Priorities Have Affected Production and
uality,” Report to the Chairman, Subcommittee on Select Education,
ousé Committee on Education and Labor, Novembengg?.

rect Federal funding for R&D which impacts
educational technology accounts for total spend-
ing of approximately $240 million per year,’
never approaching the billions committed to
other major categories of technology-related
R&D, such as energy, agriculture or transportation.

The Department of Defense

DoD has played a major role in the devel opment
of computer technology and its applications to edu-
cation and training. In fact, one of the earliest tech-
nologies, the chalkboard, was created at West Point.
An instructor, Frenchman Claude Crozet, found
himself in a dilemma. Unable to speak English and
with no textbooks to teach his science course, he
painted awall of his classroom black and wrote on
it with chalk.’ The computer itself was developed
using defense R&D funds.

With its growing demand for technologically
skilled service personnel able to maintain and oper-
ate increasingly sophisticated military equipment,
DoD training requirements have increased. As
noted by two military analysts:”

A current and probably correct assumption be-
hind U.S. defense planning is that in any major con-
frontation, ranﬂi ng from deterrence to combat, our
adversaries will be able to supply greater numbers
of people than we can. We have sought to counter
this superiority in manpower quantity with qual-
ity, partly in manpower but primarily in advanced
materiel . . . faster tanks, more heavily armed air-
craft, more sengitive radar and sonar, more accurate
fire-control devices, more powerful and more com-
plex computers to aid tactical and strategic decision

“This figure is a rough estimate that includes the Department of De-
fense manpower and personnel education and training research and
development in technology ($207.6 million), the National Science Foun-
dation precollege technology activities ($1 1.8 million), and the Depart-
ment of Education discretionary research and development technol-
o, activities ($18. 1 million) (fiscal year 1987 figures).

‘C. Anderson, History of Technology 1: Technology in American
Education, 1650-1900, Occasional Paper No. 1 (Washington, DC: Na-
tional Education Association, Technological Development Project,
1961); also J.R. Ollsen and V.B. Bass, “The Application of Perform-
ance Technology in the Military: 1960- 1980, Performance and Instruc-
tion, vol. 21, 1982.

%]. Dexter Fletcher and Marty Rockway, “Computer Based Train-
ing in the Military,” Military Contributions to Instructional Technol-
ogy (New York, NY: Praeger Publishers, 1986), pp. 172-173.
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making, and so on. However, we must operate,
maintain, and deploy this materiel close to the limit
of its intended performance. If we do not, the high
cost of the materiel will be wasted, and the com-
petitive edge it is intended to buy will belost . . . no
understanding of military systems is complete with-
out consideration of the human performance they
require to function as designed. Put another way,
human performance is an inseparable, essential com-
ponent of ever, military system. Given this perspec-
tive on military-system effectiveness, it is not sur-
prising to discover that the military investment in
training is immense.

Furthermore, as more recruits enter the Services
with low reading, writing, and mathematics skills,
the military has had to spend billions educating and
retraining the failed products of our educationa sys-
tem.’Investments in instructional technology R&D
are viewed b, the military as ameans of making
their huge personnel education and training system
more efficient,

The level of DoD’s investment for education and
training has consistently exceeded that of all Fed-
era civilian agencies combined. The military now
spends approximatel, $208 million a year on R&D
technologies in education and training, while civil -
ian spending on technology R&D for K-12 educa-
tion is estimated at $30 million. Put another way,
the military spends $7.00 for every dollar spent by
the civilian sector on R&D for instructional tech-
nology.

DoD R&D in technology ranges from basic cog-
nitive science investigations to applied development
of course materials and electronic teaching ma-
chines. Figure 7-3 shows a timeline of representa-
tive projects supported by the services since the
1950s. Sustained efforts, combined with large levels
of support for projects carried across the R& D con-
tinuum, resulted in training applications of direct
utility to the military agencies. The military also ex-
plored high-risk but potentially high-payoff technol-
ogy developments that reaped benefits for educa
tion (see box 7-A).

Two magjor lines of support can be traced over
time. The first line traces research in programmed

"It has been estimated that, on an average day in 1984, some
265,000 military and civilian personnel were undergoing some type of
formal training, requiring a support staff of another 194,700 person-
nel, at a cost of $13.3 billion for that year. Ibid., p. 173.

instruction leading to applicationsin CAl and com-
puter-based instruction (CBI), and research in com-
puter-managed instruction (CMI) for individualized
training systems for military personnel. Examples
along this line of development include:

- PLATO, envisioned as a “book with feedback”
as early as 1959, and supported b, combined
DoD resources for numerous iterations of de-
velopment.” An important component was a
large-scale longitudinal evaluation. This evalu-
ation and other studies of PLATO provided im-
portant lessons for developing CBI with the
next generation of computers.

- The Air Force's Semi-Automatic Ground Envi-
ronment for Air Defense System (SAGE), apro-
totype and progenitor for ahost of military and
civilian computer-based information systems.
In designing SAGE it was found most efficient
to embed training instruction directl in the sys-
tem. The system taught the operator how to
useit. This concept led to further development
of projects utilizing computer controlled instruc-
tion in educational systems (e.g., AIRDALE,
DIOGENES, and the Advanced Instructional
System).

- Applications of the IBM System 1500 for CAl
training. The Naval Academy used the System
1500 for CAl in physics, chemistry, Russian,
and Naval Operations analysis, while the Na-
val Station in San Diego and the Army Signal
School at Fort Monmouth, New Jersey devel-
oped CAl in electronics training.

- Research by the Office of Naval Research
(ONR) and the naval laboratories on pro-
grammed instruction led to the largest CMI ef-
fort of its time, the Naval Air Station project
in Memphis, serving more than 6,700 students
daily.

The other major line of research has led to simu-
lations for various training applications, such as:

. Navy’s Taskteach Tutorial, which simulated
equipment for maintenance training and led to
development of a Genera Maintenance Trainer/
Simulator and the Sophisticated Instructional
Environment (SOPHIE). SOPHIE received Tri-
Service support and is considered the “mother”

“The National Science Foundation also supported development of
PLATO in the 1970s. See National Science Foundation section below.
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Box 7-A.-The Special Characteristics and Contributions Of
the Defense Advanced Research Projects Agency (DARPA)

DARPA was particularly important for the development of computer technologies, many of which have
been applied to education and training applications. The agency was established in 1958 in response to the
Sputnik crisis, to explore high-risk but potentially high-payoff technology developments and to protect the United
States against technology surprise. While most of DARPA’s support focused on air missile and space defense,
some observers have called it “. . . the single-most influential government agency for the development of in-
structionally relevant capabilities such as computer speech interaction and artificial intelligence.”

From 1960-75, DARPA funded a number of major projects related to computer-assisted instruction and
artificial intelligence. DARPA provided funding arid served as an umbrella for support from each of the services
for the PLATO project. During the late 1960s, DARPA a0 supported path-breaking R&D in artificial intelli-
gence at Stanford and the Massachusetts Institute of Technology. Other developments focused on applications
of microprocessor-controlled videodisc technology, such as interactive movies, surrogate travel, and low-cost
visual simulators such as the tank gunnery trainer. Other DARPA contributions include developments in com-
puter-based authoring systems, learning strategies, and skills acquisition. Research in the 1980s focused on large-
scale networks, computer systems software development tools, tutoring systems, and human factors research
in “embedded” training.

In the cognitive science and computer science research community, DARPA was seen as the agency most
open to far-reaching ideas. Innovation was encouraged and researchers came to believe that they could walk
into DARPA with an interesting idea and walk out the door with a check to try it out. Several characteristics
of DARPA in the 1960s and 1970s contributed to this responsiveness:

« Procurement flexibility: Few DARPA contracts followed the traditional competitive bid process, largely
because it was assumed that some of the expected outcomes could not be adequately prescribed in RFPs.?

- Management flexibility: DARPA’s staffing philosophy tallowed project officers, themselves highly quali-
fied researchers and scientists, unusual discretion and responsibility but limited their employment to rela-
tively brief periods to minimize empire building and to cross-fertilize the government and outside R&D
communities.

« Mission priority and umbrella coverage: The high priority of the DARPA mission was reflected in its
position in the Department of Defense hierarchy. Its director reported directly to the Secretary of Defense.
DARPA often provided seed or risk money to conceptualize an idea or initiate a small program. Asan
officid noted “The implicit mission of DARPA was to fund important areas of R&D which the services
overlooked or refused to support.”™

Because of its flexible authority and management, DARPA was able to provide continuity, effective com-
munications and continuous support within its R&D community. The initial development and subsequent use
of ARPANET, the agency's electronic network, provided unique opportunities for those on the network to
exchange information including findings, "bounce ideas off experts,” “refine thinking,” and test the rigor of
research in process.

The long gestation period required for ideas to become useful innovations made DARPA’s ongoing support
extremely important. However, a recent trend toward more directed and applied R&D projects is now aso
reflected in DARPA funding priorities. If the research community can no longer look to a DARPA for early
and consistent support of innovative concepts, the next decade’s innovations may not get any further than
the “interesting idea” stage.

1J. Dexter Fletcher and Marty Rockway, “Computer Based Trainingin the Military,” Military Contributions to Instructional Technology (New York,
NY: Praeger Publishers, 1986), pp. 206-207. )

ARevolutionary Not evolutionary is supposed to characterize all DARPA projects. The agency’s position is that if a project can be prescribed by a request
forpropails, rhen DARPA should not be doing k.” Ibid., p. 206.

g;'«lmhall Farr, personal COMmunication, August 1987.




158

of several other intelligent tutoring systems de-
veloped by the services for training personnel
in troubleshooting tasks and equipment oper-
ation and maintenance.

- Defense Advanced Research Projects Agency
(DARPA) research on videodisc technology,
which led to interactive movies (allowing the
student to control such aspects of viewing as
perspective, detail, plot, and simultaneous ac-
tion), surrogate travel (enabling the learner to
“walk” through an area asiit is displayed visualy
and to see what lies ahead or around the cor-
ner of each chosen path), microtravel (surrogate
travel through places where people cannot go,
as through a jeep engine while it is running),
spatial data management (allowing users to “fly
over” an array of information and select what
they want through joystick controls), and low-
cost portable simulators such as the tank gun-
nery trainer.

Early top-level support for R&D in educational
technology came from a 1965 memorandum from
then Secretary of Defense Robert McNamara to the
Secretaries of the Army, Navy, and Air Force. Not-
ing that little was being spent on innovations and
new methods and techniques for education and
training, the Secretary directed that a line item be
placed in the budget for educational R&D “. . . to
be used primarily on specific projects directed toward
the improvement of existing Defense Department
education and training programs.” ' His support
was based on evaluations of previous CAl projects
showing a 20 percent reduction in training time, the
opportunity to individualize instruction, and the
ability to control and manage a variety of media
projects.

These evaluations of effectiveness have been im-
portant for generating ongoing support for projects.
Training, in contrast to education, isrelatively easy
to evaluate, both because of methodology (it pro-
vides atight feedback loop for instruction research
and evaluation) and motivation (because training
can be linked to specific jobs, cost-effectiveness trade-
offs are more readily and immediately observable
than they are in education.)

The military services continue to support impor-
tant work on basic research on cognition, artificial

1Secretary Robert S. McNamara, U.S. Department of Defense,
memorandum, Aug. 16, 1965.

intelligence, speech recognition, interactive learn-
ing systems, and converging technologies. The mil-
itary has been a mgjor, and occasionally the major,
player in advancing the state-of--the-art. Implications
for education in the civilian sector are clear. Com-
puters would probably have found their way into
classrooms sooner or later. But without work on
PLATO, the IBM System 1500, computer-based
equipment simulation, intelligent instructional
systems, videodisc applications, and research on
cognition, it is unlikely that the electronic revo-
lution in education would have progressed as far
and as fast as it has.”

Nevertheless, there are important limitations that
must be considered. First, adults, not children, are
the focus of the military’s training efforts. Children’s
needs are different. Training and education have
different goals. Although skills development may
have some carry-over, educational goals are more
complex than the specific objectives of military train-
ing applications. Finally, although there have been
civilian benefits from spinoff in technical areas, in
genera DoD spin-off benefiting the K-12 education
community is shrinking as DoD research increas-
ingly focuses on military applications.

As shown in table 7-1, the military’s “6. 1 (basic
research) budget category has remained relatively
static, while funds in the “6.2" (experimenta devel-
opment) and “6.3” (advanced development) budget
categories have grown. Furthermore, it has been sug-
gested that less than one-third of the $25.7 million
listed under 6.1 research has application to educa-
tional technology .13 Significantly, although the
amount of DoD R&D funding for instructional
technology overall is considerably greater than that
provided by all other agencies, no system exists to
facilitate technology transfer to civilian education
counterparts. This continues, as it has for three
decades, to be a missed opportunity.

“Fletcher and Rockway, op. cit., fOOtNOte s, p. 212.

“Judith Orsanu, director, Basic Research Institute, Army Research
Institute, personal communication, May 1988. .

14Ope official noted that one of the best, If only, mechanisms of
technology transfer from the Department of Defense to civilian agen-
cies probably comes from the fact that many researchers receive sup-
port from both sources and move freely between sponsoring agencies;
Susan Chipman, personal communication, November 1987. Others
have noted that informal exchange occurs more often under 6.1 fund-
ing, which typically supports university researchers, than in the case
of 6.2 and 6.3 funding for applied research. These grants and contracts
for experimental and applied development often go to private contrac-
tors and industry, where sharing of information is less prevalent.
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Table 7-1.—Department of Defense Manpower and Training:
Technology Research and Development Expenditures, 1976-87 (in millions of dollars)

1976 1977 1978 1979 1980

1981 1982 1983 1984 1985 1986 1987

6.1 Research . .......... 7.2 10.3 11.8 13.7 13.77

6.2 Experimental

development . . . . .. 288 377 475 57.6 54.65

6.3 Advanced

development . . . . .. 246 345 44.6 57.2 50.57

19.77 1765 21.20 20.64 27.12 26,54 25.73
69.14 6216 7212 80.64 8348 89.60 96.97

55.74 5375 61.36 68.03 8555 90.64 84.87

Total . ................. 60.6 82.5 103.9 128.5 118.99 144,65 133.56 154.68 169.31 196.15 206.78 207.57

SOURCE Funding levels for the years 1980-87 are supplied by the Manpower and Training Research Information System (MATRIS). The figures for 1976-79 are from
the Office of the Secretary of Defense. The differences between 1979-80 may be due to some slight differences in the selection criteria and changes in pro-
gram elements when MATRIS was established. The congressional categories for education and training, human factors, manpower and personnel, and simu-
lation and training devices are included. The above figures have not been adjusted for inflation. For further detail, see Charles Blaschke et al., Education
Turnkey Systems, “Support for Educational Technology R&D: The Federal Role,” OTA contractor report, Sept. 30, 1987.

The National Science Foundation

NSF support has been, and continues to be, an
important basis for educationa technology in the
schools today. Although only a small proportion
of science education funds were earmarked for tech-
nology R&D at the K-12 level, this support has been
critical. From 1968 to 1981, precollege technology
projects received from 1 to 3 percent of NSF's sci-
ence education budget. More recently, however, this
proportion has changed. Since 1984, an average of
8 to 11 percent of the Science and Engineering Edu-
cation (SEE) Directorate funding has supported
precollege technology activities.

1968-78: The Early Years

In 1968, President Johnson issued a memorandum
directing NSF to take the lead in supporting com-
puter use in schools. NSF responded with the estab-
lishment of an Office of Computing Activities
(OCA) directly responsible to the director of NSF.
This high level of support was an important spring-
board for action. Although most of OCA'’s projects
were at the university level,” 10 to 15 percent of
projects supported earl work in CAl and other ap-
plications of technolog,in elementary and second-
ary schools. Projects included the Huntington Two
Project, to create educational materials based on
computer simulations for high school biology,
physics, and socia studies; development of CAI ma-
terials for mathematics and reading drill and prac-
tice; and studies of the effect of CAl on teaching

“These Included support of university and college regional comput-
ing networks; CONDUIT, a project supporting the transfer of computer-
based learning materials and expertise across universities; and projects
aimed at furtherin expertise in the use of computers in specific dis-
ciplines, such as the Commission on College Physics.

programming and data processing concepts to inner-
city secondary school students. At this time, NSF
also provided research support for a new program-
ming language “so simple that it can be taught to
second graders,” which became LOGO (see box
7-B).

Support for CAl and LOGO continued when the
educational ly-oriented technology work moved to
the newly formed SEE Directorate in 1972. New
CAI projects included PLATO IV*and TICCIT,
and the development of a computer-based high
school mathematics laboratory. Much of the soft-
ware for early educational computin systems came
from NSF support.”

As the SEE Directorate suffered declinin appropri-
ations ($7 million in 1974, $5.9 million in 1975, $2.9
million in 1976), educational technology R&D sup-
port decreased as well. Nonetheless, further devel-
opment, field tests, and evaluation of CAl systems
continued. Other activities included support for
LOGO and work on computer graphics, the devel-
opment of laborator, instruments connected to
microcomputers for science education, and exami-
nations of various new telecommunication technol-
ogies for the delivery of instruction.

The decade following President Johnson’s call for
more research on school computer applications was
an important one for educational technology despite
limited funding. NSF support during this period
made important and lasting contributions. Nearly

'*QOver a period of 5 years, PLATO received $7.8 million in National

Science Foundation funding.

“One analyst estimates that b,1973 over 800 of 2,750 educational
software programs had been supported in partby the National Sci-
ence Foundation. Beverly Hunter et al., Learnin Alternatives in U.S.
Education: Where Student and Computer Meet (Englewood Cliffs, NJ:
Educational Technology Publications, 1975).
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small, it was significant because it supported work
in cognitive science and artificial intelligence appli-
cations to instruction. This was the gekearch

of its kind being supported outside the military. NSF
officials point to this eapvork as seminal in the
field of intelligent CAl and intelligent tutorjn
systems.

Other activities supported by RISE and DISE in-
cluded the development of computer litgraate-
rials and studies, the use of computers to teach rea-
sonin,skills to junior high students, a stad new
applied mathematics techniques using the PLATO
system, development of mathematical reasgmor
grams for young children, and development of pro-
totype materials for interactive videodiscs.

In 1981, the SEE Directorate was dismantled, a
political event which had traumatic results for the
science and technology community. Research groups
were disbanded; some researchers moved into in-
dustry, some to military training, and others left the
field altogether. Many observers believe it created
a serious hiatus from which science education is still
recovering. During this period, NSF personnel who
remained made creative efforts to seek alternative

Pholo credit: LOGO Systems, Ing.

Concepts in engineering, physics, and robotics are P .
made real as students write computer programs to r_neans of continuing support for research in educa-
operate machines they have created in LegoLOGO. tional technology.

Two approaches were adopted: indysirtner-
all the technological tools, pedagogues, and meth-ships and interageyeoperation. Neither came
odologies now widetsed in education had their easily, but both produced important results. Industr
instructional origins in these early NSF projects— partnerships were forged under the program “De-
telecommunications and computer networks, velopment in Science Education Involving NSF/In-
graphics, speech synthesis, programtairguages  dustr Cooperation for Science and Enginegrin
such as LOGO, laboratenstrumentation, instruc-  Education Using Computers. " The program en-
tional simulations, interactive dialogs, economics couraged universities to devglmovative proto-
modelin,and gaming, social science data analysis, types of CBI materials or model programs in science
interactive videodiscs, career counseling systems, andand engineering education. Support was shared

computer literador educators. almost equajbetween NSF, industthrough do-
nations of computer equipment), and the grantee

1978 to 1988: Commitment to Educational institutions, each of whom had to provide at least

Technology Despite Setbacks one-quarter of the project cost to receive an
award.”

At the time when schools were beginmac-
quire microcomputers in large numbers, NSF had The second focus was interagency cooperation.
no program focused on educational technologyIn order not to lose momentum and skilled research-

R&D per se. However, from 1977-81 approximatel — Andrew R.Mokar, “intelligent TUOrS and Knowledge-Based Sys-
$1-6 million pe_r yea;r was targete_d to teChnOIOgy N tems iN Education,” paper presented at the Conference of Applications
the Research in Science Education (RISE) and De-of Artificial Intelligence and Expert Systems, 1986.

veIopment in Science Education (D|SE) Programs “Dorothy K. Deringer and Andrew R. Molnar, “University, Indus-

- : - try, and Federal C tion—A Case Study, ” Science, Technolo, },,
in the SEE Directorate. While the research SUM Was, g uman values vl 6. No. 4. 1069, pp. 40-45. o0}
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ersin the middle of projects, other program offices
in DoD and the Department of Education picked
up some of the NSF projects. For example, NSF and
the National Institute of Education (NIE) provided
joint funding for research on cognitive processes that
provided a basis for closer relationships between cog-
nitive science and technology. But interagency fund-
ing has its drawbacks: it is difficult to negotiate and
subject to short-term support, especialy if dual fund-
ing is perceived as duplication of effort rather than
cooperation. NSF took this risk because the situa-
tion was desperate and interagency finding was the
only way to support important work in progress.

With the reestablishment of the SEE Directorate
in 1984, R&D activity in technology expanded.
Funding for science and engineering education,
while not yet returned to its 1968 level, has grown
(seefigure 7-4). A 44 percent increase for 1988
pushed NSF's education budget to $139 million, fol-

Figure 7-4.-National Science Foundation Budget,
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aggE: Science and Engineering Education Directorate.

SOURCE: Michael S. Knapp et al., Opportunities for Strategic Investment in K-72
Science Education: Options for the National Science Foundation
(Menlo Park, CA: SRI International, June 1987), vol. 2, from data sup-
plied by NSF/SEE.

lowed by a fiscal year 1989 request of $159 million.
Educationa technology R&D aimed at elementary
and secondary education is also receiving more em-
phasis, now approximately 10 percent of the SEE
budget. (See figure 7-5.) Four programs sponsor
activity: Instructional Materials Development, In-
forma Science Education, Research in Learning and
Teaching, and Applications of Advanced Tech-
nologies.

Severd projects in the Instructional Materias De-
velopment Program are exploring alternative meth-
ods of delivering instruction via computers, videocas-
settes, and telecommunication technologies.

Figure 7-5.—National Science Foundation Obligations
for Research and Development of Educational
Technology in Elementary and Secondary Educationi

18

16 -

14 |

12

Dollars (in milions)

196870 72 74 76 78 80 82

Year

aEstimates are based on the following NSF programs:

1968-71 —10°/0 of the Office of Computing Activities for elementary and sec-
ondary education

1972-76—20% of CIE and Technological Innovations in Education for elemen-
tary and secondary education

1977-76—15% of Development in Science Education and Research in Science
Education

1979-61 —15°A of DISE and RISE + $333,000 joint program with NIE

1964—66-200/0 of Instructional Materials Development (IMD) + 1000/. of Ad-
vanced Applications of Technology (AAT) + $500,000/year for
Research in Teaching and Learning

1987-88—NSF estimates based on IMD, AAT, and Teacher Preparation and En-
hancement programs

SOURCE: Office of Technology Assessment, 1986.
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The Informal Science Education Program supports
several media projects, some funded jointly with the
Department of Education. Television programs in-
clude NOVA, 3-2-1 Contact! and Square One TV.

The Research in Learning and Teaching Program
funds several projects in cognition and studies of
student difficulties in understanding concepts in sci-
ence and mathematics. Computer projects include
a study of the effects of computer-based curricula
in school agebra; a project looking at how high
school students and teachers solve problems in
genetics using computer simulations; and an assess-
ment of elementary and middle school children’s
LOGO debugging skills.

Examples of work supported by the Applications
of Advanced Technologies include study of intelli-
gent tutors in calculus, algebra, geometry, pre-
algebra, and algorithmic problem solving; creation
of a computer work station for children; creation
of Boxer, a new educationa computing system; syn-
thesis of research findings on key factorsin science
teaching and learning using instructional technol-
ogy; several projects applying or extending LOGO
in mathematics; and development of microcomput-
er-based laboratories.

Summary of NSF Impact

NSF educational technology R&D made impor-
tant strides when it enjoyed periods of secure, long-
term funding and when Presidential interest made
it a priority. At other times herculean efforts were
required to maintain and support critical research,
development, demonstration, and evaluation. It
took several years after the shutdown of the SEE
Directorate for momentum to return. Since the first
new major grants were made in 1985, results are onI}/
now beginning to percolate through the system.
Even with increased funding, organizationa divi-
sionsinhibit the flow of research into devel opment,
and on into school demonstrations and evaluations.
As one manager noted, “We fund research but have
no money for development, or development with
no funding for demonstration, or demonstration
with no funding for field tests or evaluations.”* It

“John Walsh, “ Breakthrough for Education at NSF?" science, vol.
240, Apr. 15, 1988, p. 272.

“' Andrew Molnar, National Science Foundation, personal commu-
nication, May, 1988.

is difficult to conduct good research, to hold good
Federal managers, or to attract new researchersto
the field under these conditions,

Another important factor to note is that NSF's
R&D has primarily influenced technology use in sci-
ence and mathematics, because of NSF's mandate
in these subject areas. The impact has been impor-
tant for these disciplines, but educational computer
applications in the humanities and arts have not
benefited in equal measure. This would not be a
problem if other agencies, particularl, the Depart-
ment of Education, were to fill in the gaps. As the
next section outlines, strategic support has been lack-
ing at the Department of Education.

Office of Education/Department of
Education®

Education’s support for educational technolog,
spans three decades and includes efforts to develop
educational television and public broadcasting fa-
cilities, to increase access to technolog, b, enabl-
ing schools to purchase hardware and software, and
to expand the base of knowledge and innovation
through R& D. Support for the technolog, infra-
structure and materias acquisition far exceeded the
dollars invested in R&D.

Much of Education’s finding for educational tech-
nology came from categorical programs and block
grants that allowed school districts to purchase
technology—televisions in the 1960s and 1970s; com-
puters, videocassette recorders (VCRS), and software
In the 1980s. Enabling schools to acquire instruc-
tional technologies creates a “bottom up” incentive
for innovation and research. As the base of ma-
chines in schools grows, their use expands, driving
development of new products to feed the school mar-
ket. Conseguently, Federal policies that encourage
purchases of technolog,can indirectl stimulate
R&D.

Education’s limited spending for R&D in the area
of educational technology is not surprising when one
looks at the overall low priorit, granted education
research in general. Barely haf of one percent of

“The Office of Education was a part of the Department of Health,
Education, and Welfare until the establishment of a cabinet-level De-
partment of Education in 1980. In this report, both organizational en-
tities are referred to as “Education.”
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the Department of Education budget goesto re-
search.” By comparison, the Nation spends about
as much annually on health care as on education,
but it spends 60 times as much on health research.”
The military, where R&D has been increasing at
an average increase of 7.8 percent per year since fiscal
year 1984, devotes about 12.8 percent of its total
DoD obligation to research.”

Of all the Federal agencies, it is most difficult to
extract consistent figures on funding for educational
technology from Education. Technology has been
supported in various pockets of programs, often
without a line item in the budget. OTA estimates
that between 1961 and 1987 Education spent ap-
proximately $200 million for educational technol-
0g,R&D on computer-based applications. Although
asizable total investment, given the 26-year time
span, itisin fact small from the perspective of overall
Federal R&D in this area. (DoD instructional tech-
nology R&D expenditures from 1971 to 1987, a 16-
year time period, is over $1.9 billion.) In fact, each
year the military spends approximately as much for
R&D in educational technology as the Department
has over the last 26 years.

Early Efforts

Education’s largest investment in technology has
been in support of public television, both through
the creation of the public broadcasting infrastruc-
ture and in television programming that addresses
critical educationa needs. The American public and

““This is of special concern since the Federal Government is the pri-
mar, source of funding for such research, as there is no education in-
dustry investing in educational research as we find in other areas.”
Nancy Cole, president, American Educational Research Association,
testimony before the House Committee on Education and Labor, Sub-
committee on Select Education, Apr, 21, 1988.

~+ Institute for Research on Learning, The Advancement of Learn
ing (Palo Alto, CA: 1988), p. 11. The expenditure on health services
for 1987 is estimated at $496.6 billion in “National Health Care Ex-
penditures, 1986-2000,” in Health Cam Financing Review, summer 1987,
p. 24. The 1987 expenditure on health research by the Department
of Health and Human Services is from the 1989 fiscal year budget. To-
tal spending on education and training at all levels is estimated at $453
billion ($ 144 billion at the elementary and secondary level, $94 billion
for post-secondary, $210 billion for employee formal and informal train-
ing, and $5 billion for government training); see Anthony Carnevale,
American Society of Training and Development, “The Learning En-
terprise,” Training and Development Journal, January 1986, p. 18.

BRichard E. Rowberg, chief, Science Policy Research Division, Con-
gressional Research Service, testimony before the House Committee
on Education and Labor, Subcommittee on Select Education, Apr. 21,
1988.

the schools are still enjoying the fruits of this in-
vestment. The Educational Broadcasting Facilities
Program was created by Congress in 1962 to assist
(through matching grants) in the construction of
noncommercial educational television or radio
broadcasting facilities. Between 1962 and 1978, when
the program was transferred to the Department of
Commerce, Education spent atotal of $151 million
on public broadcast facilities. Television and radio
programming support began in 1968 with support
to the Children’s Television Workshop for R&D
on Sesame Street, and continued with funds pro-
vided by the Emergency School Aid Act (ESAA),
passed in 1972 to eliminate minority group segre-
gation and discrimination. One of the activities sup-
ported by the act was the development and produc-
tion of integrated children’s television programs of
cognitive and affective value. ESAA funds provided
atotal of $67 million for television series and re-
lated activities, including such series as Villa Allegre,
Vegetable Soup, and Infinity Factory. Funding for
television programming from 1968 to 1980 totaled
$134.3 million.”

One of the most important changes in the Fed-
era funding of education was the 1965 passage of
the Elementary and Secondary Education Act,
which focused national attention on education and
provided increased financial support.” The “War
on Poverty” looked to education as a means of cre-
ating socia change, and computer-based education
was seen as a potentially powerful tool for improving
the educational opportunities for the disadvantaged.
Time-sharing on mainframes made it economically
feasible for students to begin to have access to ex-
pensive computers.

One of the best known computer-related projects
supported by the Office of Education in the 1960s
was Stanford University’s development of instruc-
tional materials for educationally disadvantaged
elementary school children. The Stanford computers
in Cdifornia were able to serve students as far away

**Andrew A. Zucker, “Support of Educational Technology by the
U.S. Department of Education: 1971 -1980,” Journal of Educational
Technology Systems, vol. 10, No. 4, 1981-82, pp. 303-320. Department
of Education staff indicate that an additional $25 million was spent
on educational television since 1980. Arthur Sheekey, Office of Educa-
tional Research and Improvement, U.S. Department of Education, per-
sonal communication.

“Overall Federal funding for education increased from $375 million
in 1958 to $4.2 billion in 1968.
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aS Kentuck,and Mississippi via telecommunications—
itself a powerful demonstration of technology. An
unusua financial feature of the project was the use
of Title Il funds, which were awarded to States and
localities for services, to supplement the direct sup-
port made available to Stanford for R&D.

During the 1960s, the Office of Education also
funded several significant R&D projects involving
video technology, including evaluation research
comparing conventional teaching and video presen-
tations; the establishment of a video clearinghouse,
the National Instructional Television Center at Indi-
ana University, from which grew the current Agenc,
for instructional Television (now the Agency for In-
structional Technology); and support for improved
capacity of public radio and television stations un-
der the Education Broadcast Facilities Program. In
1964, NIE funded the Learning Research and De-
velopment Center (LRDC) at the University of Pitts-
burgh. One of LRDC’s mandates was to study the
potential of technology for education.

The 1970s: Educational Television,
Special Education, and CAIl Evaluation

inthe 1970s, much of R&D continued to focus
on television as an educational tool, Education also
spent approximately $200 million on computer-re-
lated activities during the 1970s, of which about $50
million was for R&D, including demonstration proj-
ects. Many significant R&D projects in the Bureau
of Education for the Handicapped opened new
learning opportunities for the handicapped. These
projects included closed captioning of television, en-
abling the deaf to have access to a substantial por-
tion of television programming for the first time; de-
velopment of the OPTACON for the blind, a device
which produces images of printed letters using small,
raised, vibrating wires; and support for the devel-
opment of the Kurzweil reading machine, another
devicefor the blind, which scans text and reads text
aloud through synthesized voice technology. Sub-
sequent funding supported dissemination of these
devices. The Bureau of Education for the Handi-
capped also supported a computerized database on
instructional materials for the handicapped; studies
of reading and mathematics CAl materials for deaf
and hearing impaired students; and demonstrations
of electronic mail for communication with the deaf.

Other technolog, programs during this period in-
cluded several applications of telecommunications
for education: the Educational Telecommunications
for Alaska project, which provided the scattered and
small Alaskan schools with electronic mail, CAl,
and other services via microcomputers; and the Ap-
palachian Community Service Network, which used
satellite distribution of instructional programming.

Research on the effectiveness of CBI, as well as
development and evaluation of computer software
was also begun. Projects included an extensive 5-
year longitudinal study of the effectiveness of CAl
in the Los Angeles public schools, conducted b, the
Educational Testing Service; an educational software
review and distribution service for school districts
(MicroSIFT) under contract to the Northwest Re-
gional Laboratory; and development of software in
mathematics (Ohio State University), writing (Bolt,
Berenek & Newman), and language arts (WICAT).
Products created by these software development
projects were made available for commercial distri-
bution and were used by schools. In addition, de-
velopment of a multimedia science and mathematics
program series for children that included broadcast
television, computer software, and videodisc mate-
rials was funded through a multiyear award to the
Bank Street College of Education for the creation
of the Voyage of the Mimi.”

Early 1980s: Block Grants, Computers,
and a Technology Initiative

As computers became widely available, there was
great excitement surrounding them; Time magazine
chose the personal computer as “Man of the Year”
for 1982. Schools no longer had to purchase large,
expensive systems in order to use computer tech-
nology; they could buy as many or as few computers
as they could afford. Parent-Teacher Associations
bought them for schools as fast as bake sale pro-
ceeds came in. Federa Chapter 2 funds also became
an important resource. “

‘additional funding was provided by the National Science Foun-

dation in subsequent years. This was due in part to efforts by Depart-
ment of Education program managers who, recognizin,the need for
additional funding beyond Department of Education allocation, turned
to their colleagues in the National Science Foundation for help.
“The Education Consolidation and Improvement Act of 1981 con-
SOl idated discretionary grant programs into block grants that were
directed to the States and local jurisdictions through formula fund-

(continued next page)
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Where separate authorizing legislation existed, and
where program managers had a commitment to
technology, the Department continued to fund tech-
nology R& D activities.” From 1981 to 1987, an
estimated $129 million was spent on educationa
technology R&D and demonstration projects with
computers.” The Office of Special Education and
Rehabilitative Services continued studies of com-
puter use for handicapped students, with followup
projects that developed a variety of applicationsin-
cluding hardware, adaptive devices, and special
education software. Dissemination efforts were de-
signed to bring research findings and development
efforts to schools and the special education commu-
nity. Additional studies were conducted in the Of-
fice of Vocational and Adult Education and in NIE,
but most were not given adequate support to move
beyond research into development, classroom trial
and evaluation, and dissemination, particularly af-
ter a shift in Department research priorities after
1984.

The Department of Education began its partici-
pation in the congressionally-mandated Small Busi-
ness Innovation Research (SBIR) Program in 1983.
The SBIR Program is aimed at accelerating the com-
mercialization of new devices developed under gov-
ernment support. With funding levels that are based
on a percentage of the agency’s overall external
R&D budget, SBIR grants were awarded for tech-

(continued from previous page)

ing. These funds (Chapter 2), distributed on the basis of the number
of students, were to be used for educational improvements as the States
and districts saw fit. Many districts used their block grant monies to
purchase computer hardware and software. Chapter 2 and its predeces-
sor programs have provided about $510 million for computers and re-
lated expenditures. A study of the Chapter 2 block grant program
showed that, for the third year of block grants (1984-85), support for
computer applications was the most popular activity, accounting for
30 percent of all local expenditures under block grants. During this
same period, 72 percent of the Nation’s schools used Chapter 2 for
computer-related purchases. Michael S. Knapp et al., The Education
Block Grant at the Local Level: The Implementation of Chapter 2 of
the Education Consolidation and Improvement Act in Districts and
Schools (Menlo Park, CA: SRI International, January 1986).

‘For a full list of these projects, see Susan Klein, Computer Edu-
cation: A Catalog of Projects Sponsored by the U.S. Department of
Education (Washington, DC: U.S. Department of Education, 1983).
One example was the Title VII 3-year grant awarded to the Seattle
Public Schools to develop computer-assisted instruction in U.S. his-
tory for Vietnamese, Cambodian, and Laotian high school students.
See U.S. Congress, Office of Technology Assessment, “Trends and Sta-
tus of Computers in Schools: Use in Chapter 1 Programs and Use With
Limited English Proficient Students,” staff paper, March 1987, pp. 86-
87, box B.

“OTA extrapolation, based on Klein, op. cit., footnote 30.

nological innovation in areas proposed by the
Offices of Special Education, Vocationa Education,
and Educational Research.

Several computer projects were supported by the
Department of Education in the early 1980s under
the Secretary’s “Technology Initiative.”” Although
not a new funding initiative, this effort signaled Sec-
retary Bell’s support for technology through a vari-
ety of programs under existing authorities within
the Office of Educational Research and Improve-
ment (OERI). Among these were 12 technology
demonstration projects where computer applications
were studied and showcased; studies of the avail-
ability and quality of software in reading, mathe-
matics, sciences, and foreign languages; and continu-
ing support for The Voyage of the Mimi television
series and accompanying computer materials, and
for two other educational television series, 3-2-1
Contact and Spaces.

The Department sponsored a research conference
in November 1982 on the potential of computers
for education.” Recommendations made by the
distinguished group of experts from the fields of arti-
ficial intelligence, cognitive science, and education
provided a conceptual framework for the Depart-

2U.S. Department of Education, “Fourth Update on Technology
Initiative Activities,” internal memorandum, Jan. 18, 1984.

BAlan Lesgold and Frederick Reif, Computers in Education: Realiz-
ing the Potential, Report of a Research Conference (Washington, DC:
U.S. Department of Education, August 1983).
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In the Geometric Supposer, developed with Federal
funds, students can fmanipulate geofetric shapes to
test and apply theorems.
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ment’s technology research agenda, and were in-
cluded in planning the competition for a Department-
sponsored Educational Technology Center. A na-
tionwide competition for the center was held, and
the award was made to the Harvard Graduate
School of Education, funded at $7.7 million over
5 years to conduct R&Don the role of technology
in teaching mathematics, science, and computing.
The center focused on “targets of difficulty,” cur-
ricular topics that are both critical to students’ fur-
ther progress in these fields, and widely recognized
as difficult concepts to teach and learn. Various re-
search projects at the center studied the nature of
students’ difficulties in understanding, exploited the
educational capabilities offered by computer-based
technology, and designed experimental lessons using
computers as well as traditional materials to address
these difficult topics. Teams made up of research-
ers from the center and participating classroom
teachers tried out some of these promising units in
local high schools to learn how they worked in the
classroom. *

As part of a plan to increase Department of Edu-
cation involvement in educational technology, Sec-
retary Bell created a National Task Force on Tech-
nology in 1983, “. . . to investigate the potential of
appropriately integrated technology to improve
learning in our nation’s schools.”” It was Bell’s
hope that this Task Force would set a national
agenda for educational technology.

1984 to Present: A Lower Priority
for Technology

When Secretary Bell left the Department of Edu-
cation in 1984, the technolog,initiative and related
emphasis on computer activities ground to a near
halt. The new Secretary, William Bennett, did not
share Bell’s vision of improving education through
technology. The climate in the Department, re-
flected partly in the declining number of new grants
involving computers, shifted significantly.

Illustrative of Bennett’s lack of interest in tech-
nology is the Department’s response to Transform-

*Educational Technology Center, Harvard Graduate School of
Education, “Making Sense of the Future,” a position paper on the role
of technology in science, mathematics, and computing education, Jan-
uary 1988, p. 1.

“National Task Force on Educational Technology, “Transformin,
American Education: Reducing Risk to the Nation,” a report to the
Secretary of Education, unpublished manuscript, April 1986.

ing American Education: Reducing the Risk to The
Nation, the report to the Secretary by the National
Task Force on Educational Technology, referred to
above. Unlike A Nation At Risk, which was released
at a specia ceremony a the White House and given
major nationwide distribution and publicity, the
technology report was held several months and
eventually released but not printed or made avail-
able to the public through the normal Government
Printing Office channels.

The reductions in computer-related R&D were
especialy notable in the obligations of OERI, which
was not bound by the legislative mandates as is the
case in the Office of Special Education”or the Of-
fice of Post-Secondar, Education. OERI, which took
over the National Institute of Education in 1984,
has a more open charter and is therefore more re-
sponsive to general priorities in elementary/second-
ary education established by the Secretary and As-
sistant Secretary. The trend is displayed in severa
ways. A recent computer printout listing OERI tech-
nology projects supported since 1980 illustrates how
many were supported in the early 1980s and how
many fewer have been started since 1983.” Another
change is in support for R&D projects of long du-
ration. In the 1970s, the Department supported
quite a few projects lasting 5 or more years (e.g., the
longitudina study of CAIl in Los Angeles, devel-
opment of closed captioning of television, the Kurz-
weil reader, and the OPTACON). During the 1980s,
few projects received comparable long-term support.
Finally, the number of research grants to individ-
ual researchers decreased substantially.” While this
decrease affected educationa research as a whole,
projects with a technology orientation were particu-
larly notable by their absence.”

Summary of Department of Education’s
Impact

The Department of Education has had an off and
on love affair with technology. Where research sup-
port has been consistent, as in support of children’s

%A detailed discussion of the various programs and projects for the

handicapped and others with special needs can be found in Blaschke
et al., op. cit., footno}e 5. 2%

WSheekey, op. cit., tootnote .

®General Accounting Office, op. cit., footnote 3.

YOf the nine grants to Field-Initiated Research Studies funded in
fiscal year 1987, one had a technology focus. Sally Kilgore, director,
Office of Research, Department of Education, letter to colleagues, May
13, 1988.
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television programming in the late 1960s through
the 1970s, or long term as in support for technol-
ogy in special education, important milestones were
reached. These are the exceptions. Most research
projects did not have opportunities to proceed from
laboratory research through to development of prod-
ucts and processes, much less to testing in the class-
room, with real students and teachers.

Other Agency Support for Educational
Technology R&D

Other Federal agencies have also supported re-
search that has or could ultimately lead to innova-

tions in education. The National Institutes of Health
supports medical research that includes studies on
the brain and the way it functions. The Department
of Labor has numerous manpower training and
retraining programs that use technology to help
workers enter the labor force or to adjust to changes
in required job skills. The State Department and
the Agency for International Development have lan-
guage and other training programs and have applied
computer-based technologies to improve these edu-
cation activities. The National Aeronautics and
Space Administration (NASA) spends approximat-
ley $8 million a year in artificial intelligence research;
R&D on human-machine interfaces in the areas of
vehicle control and space station applications are
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How can technology research conducted by other Federal agencies be applied to benefit education?



169

in addition to this funding” (see box 7-C). NASA
also has an extensive education program in astron-
omy and space sciences, and has developed software
and videodisc materials for schools, and satellite
broadcasts and telelectures for teacher education.”

These and other government-supported R& D
programs contribute information and innovations
to the area of educational technology, but it is dif-
ficult to identify the most promising projects for edu-
cation or to measure the cumulative level of fund-
ing or impact. Project goals and priorities are
targeted to each agency’s mission, and are not gen-
eraly considered for potential applications in
schools. Typically, these agencies share a common
problem with the Department of Education, NSF,
and DoD—the lack of enthusiasm or support for

“Melvin D. Montemerlo, Office of Aeronautics Space Technology,
Division of Information Sciences and Human Factors, National Aer-
onautics and Space Administration, personal communication, March
1988.

‘I National Aeronautics and Space Administration, Educational Af-
fairs Division, Office of External Relations, Educational Affairs Plan:
A Five-Year Strategy FY 1988-1992 (Washington, DC: October 1987).

technology transfer within programs in house or
across agencies.

Box 7-C.--NASA’s Intelligent Computer.
Aided Training: Spinoff for Schools

At the Johnson Space Center, NASA research-
ers are conducting research in the area of expert
systems in advanced physics and astronomy for use
in flight training modules. They are also develop-
ing a tutoring system using CLIPS, an authoring
language which subject matter specialists can use
to write their own tutoring programs. Both these
projects have applications for education, and the
researchers at NASA are looking for ways to share
their findings with the Texas schools. Because
NASA has a technology utilization program whose
mandate is to encourage technology transfer to ci-
vilian and industrial programs, there is funding to
facilitate this research spinoff to schools. The pro-
jected cost of applying the research toward the
development and school-based testing of a high
school physics course which uses intelligent tutor-
ing software is approximately $1.3 million.

CURRENT FEDERAL PRIORITIES

Although the military, through DARPA, ONR,
and the Service laboratories, has been a mgjor con-
tributor to basic research in technologies that have
later led to educationa developments, both Federal
officials and researchers suggest that this may no
longer be the case. Overall funding for basic research
in DoD has received a smaller share of the Defense
R&D budget as big ticket items falling into the 6.2
and 6.3 categories of exploratory and advanced de-
velopment take a bigger bite (see table 7-2). Further-
more, present research priorities preclude projects
in cognitive science that have an education, rather
than training, orientation. Many fear that the pipe-
line for innovative developments for education will
suffer from the lack of support from a once power-
ful funding patron, the military R&D agencies.

Educationa technology research at NSF, however,
is on the upswing. As shown in table 7-3, the fiscal
year 1989 budget request for precollege technolog,
effortsis 61 percent higher than that for fiscal year
1987. As noted above, however, NSF's focus is pre-
dominantly on mathematics, science, and computer

Table 7-2.—Department of Defense Research and
Development Funding, 1984-89°(in billions of dollars)

Fiscal year
1984 1985 1986 1987 1988 1989°
Research , , ., 084 085 095 089 090 0.92

Exploratory
development, 222 227 228 234 239 236
Advanced
development®., 1.41 270 4,07 503 543 651

(SDI) , ppreee (0.05) (1.39) (2.66) (3.26) (3,53) (4.52)
Other ., . . . .... 22.27 2528 26.20 27,82 29.17 29,09
Total. ., . . 26.76 31.10 3350 36.09 37.90 38.87

8Data provided by the Office of the Secretary of Defense.
Current administration request.
CIncludes funding for the Strategic Defense Initiative (SDI).

SOURCE: Richard Rowberg, Chief, Science Policy Research Division, Congres-

sional Research Service, testimony before the House Committee on
Education and Labor, Subcommittee on Select Education, Apr 21, 1988.

programming. The Department of Education, which
has responsibility for research in broader areas re-
lated to education, has just recently begun to again
target limited spending on technology (see table 7-
4 and appendix C). In arecent Department of Edu-
cation informal survey asking education research-
ersto list the areas of education research most likel,
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Table 7.3.-NSF Funding for Educational Technology
Research and Development, 1987-89
(In millions of dollars)

Fiscal year

to produce significant breakthroughs and the great-
est impact on practice during the next 5 years, “com-
puters in the classroom” tied for third most frequently
mentioned. Assistant Secretary for Educational Re-

search and Improvement, Chester Finn, summarized

NSF_program the educators comments on this breakthrough area:

1987 1988 (est.) 1989 (est.)

instructional materials

A avarced 74 90 The computer will deepen its presence in schools
technology . . ........... 5.2 5.6 6.0 and. cl assrooms as software IMProves and teachers

Teacher preparation begin to see it as a powerful tool for getting the job
and enhancement . . . . . . 25 35 4.1 done. The microcomputer offers more information

Total technology . w118 s 01 than any teacher can, and it puts that information

Total precollege. . ......60.0 830 970 directly into students hands, permitting them to ir-

teract with it—to manipulate graphs, enact smula-
tions, edit texts. Eventualy, a keyboard will be at
the fingertips of every student in every class.”
“Chester FiNN, “What Ails Education Research,” educational

Researcher, vol. 27, No. 1, pp. 7-8, January/February 1988.

afynds from the Teacher Preparation and Enhancemeniivision that were used
for technology are estimates. The amount is difficult to separate from other ac-
tivities.

bpoes NOt include the budget for informal education and major broadcast
projects, totaling approximately $7 million in fiscal year 1987.

SOURCE: Office of Technology Assessment, based on data from the National
Science Foundation, 1988.

Table 7-4.—Department of Education Funding for Educational Technology Research,
Development, and Demonstration, 1987-89°

1987 1988 1989
Office of Educational Research and Improvement (OERI):
Regional educational laboratories®. . ............" .. .. .....$1,808798 (EO) $ 1225926 (EO) $1,148,456 (EO)
National research and development centers®. ................ 1,000,000 (EO) 1,000,000 (EO) Pending
Educational technology center . . .. ... ... 2,000,000 (0) 900,000  (0) 1,000,000 (EO)
Field-initiated research grants . . . . . ......... ... 62,508 (0) unknown unknown
Programs of national significance:
Technology awards under science and mathematics, and
critical foreign languages discretionary funds
COMPELItioN . . . .. 530,000 (0) 970,000  (EO)  unknown
Technology COmMpetition . ... ........oouurie. .. -0- 1,000,000  (EO)  unknown
Educational teleVvision . . . . .. ...t 3,250,000 (0) 2,225,000 (EO)° unknown
Small Business Innovative Research . . .. ...........c.ouuo.... 1,700,000 (0) 1,700,000 (EO) 1,700,000 (EO)
ERIC Clearinghouse on Educational Technology . . . . ... ....... 288,000 (0) 298,283  (0) unknown
National Diffusion Network—technology projects . . . . ... ... ... 310,000 (0) 150,000 (EO)  unknown
Star SChOOIS. . . . ottt — 19,148,000  (A) -0-
Special education:
Technology_for special education . . ... ...................... 4,670,000 (A 4,790,000  (A) 4,790,000 (R)
Personnel development ............. ... ... i 2,290,000 (EO) 1,810,000 (EO) 1,270,000 (EO)
Early childhood education.................oiiiiiiinn, -0- -o- 300,000 (R)
Vocational education:
Research center-technology projects . . . . ................ . ... 192,091 (EO) unknown unknown
High technology demonstrations . . . . ........... ... .......... -0- 9,600,000 (EO) 9,600,000 (EO)
Adult education:
Job Skills Education Program. . .. ............. i, -o- 128,000  (0) unknown

Abbreviations: O: Obligation; EO: Estimated Obligation; A: Appropriation; R: Budget Request

a0ther programs support technology demonstrations and applications, but there is no information available to document funding related to technology. These include:
the Magnet Schools Assistance Act (Title lii, Education for Economic Security Act —EESA), the Bilingual Education Act (Title VIl, EESA, Parts B and C), and three
programs authorized under the Higher Education Act (the Fund for improvement of Postsecondary Education, HEA X-A; Leadership in Educational Administration
Development, HEA V-C-2; and the Christa McAuliffe Fellowships, HEA V-D-2). Formula funding programs also support technology. These include: Chapter 1, Economic
Consolidation and improvement Act—ECIA; Chapter 2 (ECIA); EESA, “Mathematics/Science Program; the Bilingual Education Act (Part A, State and local grants); the
Education for the Handicapped Act (State grants); and the Carl D. Perkins Vocational Education Act (Title li). With the exception of Chapter 2 block grants, information
to document activities related to technology is not available. An estimated 30 percent of apprp(Priations_for Chapter 2 block grants is used for technology aPpIications.

bNine regional educational laboratories carry out appliedresearchand developmentand provide technical assistance within multistateregions. The totalannual ap-
propriation is $17 miltion for 1987,1988, and 19S9. Funding for educational technology activities comes from OERi grants and other sources. Additional funds for
technology were provided to the laboratories through the Rural Education initiative (Education Appropriations Act of 1986) which appropriated $4 milfion over 2 years
and gives a priority to a{xolications of technology. The amounts shown include only Federal fundin% -

CNineteen centers conductresearch on educational topics of national significance over a 3 to 5 year Perl d. The total annuai appropriation has been $17.5miltion
since 19S5. Center awards range from S500,000 to $1.2 million annually. One center has designated responsibility for educational technology R&D, but several others

support research projects that have a strong technolog% component. Some centers support .rese?r?h that may lead to future applications of technology for learning.
Includes critical foreign language projects involving technology, which account for approximately 10 percent of critical foreign language discretionary funds,

includes $1 million for Square One TV, currently under review.

SOURCE: Office of Technology Assessment, based on data from the U.S. Department of Educati@he Fiscal Year 1989 Budget, Summary and Background /formation
(Washington, DC: U.S. Department of Education, February 1988); personai communication and lists of Departments of Education grants and awards, April 1988.
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A new technology competition under the Pro-
grams of National Significance in the Title Il Pro-
gram for Mathematics, Science, Computer Educa-
tion, and Critical Foreign Languages will have a
funding level of $1 million. There is also a new com-
petition for an Educational Technology Center.
However, the RFP calls for less support ($5 million
over 5 years, versus $7.7 million from 1983 to 1988
under the current contract) with a much broader
research agenda. The new center will be responsi-
ble for all curriculum areas, not just mathematics
and science, and its mandate will cover not only
technology, but also teaching, learning, assessment,
and school |eadership. Despite the limited budget,
interest in the center competition has been very
strong. Indeed, the new technology center is per-
ceived as “the only game in town” by the educa
tional technolog, research community.

No new educational television initiatives are
planned, and although the new congressionall,
mandated Star Schools Program for distance learn-
ing projects is authorized at a level of $19.1 million
for 1988, no funds are requested in the Department’s
1989 budget.

OTA concludes that these efforts fall short of fo-
cused, long-term commitments called for by the Na-
tional Governors Association, the National Task
Force on Educationa Technology, and the National
School Boards Association.”

“See National Governors’ Association, Center for Policy Research
and Analysis, Time for Results: The Governors’ 1 991 Report on Edu-
cation (Washington, DC: 1986); National Task Force on Educational
Technology, op. cit., footnote 35; and National School Boards Asso-
ciation, A National Imperative: Educating for the 2 Ist Century (Alex-
andria, VA: 1988).

PROMISING DIRECTIONS FOR RESEARCH"

OTA finds that both recent research results and
current demands for change in schools make in-
creased research on technology and education
especially promising at this time.* Three major
factors make this so:

1. The technology makes possible the testing
and trying of new ideas. Some of the best and
the brightest scientists and researchers today
see education as an important frontier for re-
search because of the potential offered by in-
teractive technologies.”Work in psychology,
computer science, and artificial intelligence is
contributing to understanding coherent the-

*Much of this discussion comes from Roy D. Pea and Elliot Solo-
way, “Mechanisms for Facilitating a Vital and Dynamic Education Sys-
tem: Fundamental Roles for Education Science and Technology,” OTA
contractor report, December 1987.

#See Dean Brown et al., “Influences on Development and Innova-
tionin Educational Technology, ” OTA contractor report, October
1987. Both this report and Pea and Soloway, ibid., draw heavily on
research documents, and personal and written interviews with preem-
inent researchers in the field. For a complete bibliography, see the con-
tractor reports.

*Alan Collins, Bolt, Beranek and Newman, Inc., personal commu-
nication, December 1987. For example, Xerox has sponsored, with $5
million in startup funds, an Institute for Research on Learning. One
of the goals of theInstitutes “. .. to forge a svnthesis of technology
and learning theory so that the instructional capacity of new tools can
be exploited. ” From Institute for Research on Learning, op. cit., foot-
note 24.

ories of how people think and learn. These the-
ories can now be tested on powerful com-
puters.”

2. Experimentation at all levels is leading to new
uses of technology and demands for increased
capabilities. As the installed base of technol-
ogy in the schools grows and becomes more
powerful, new applications will become possi-
ple. Administrators want the technolog, to be
used, and publishers want to exploit markets.
As teachers become more sophisticated users
of technology, they will demand better products.

3. Critical educational needs are not being met.
The American public is painfully aware that
too many students are dropping out of school,
test scores are declining in relation to those of
studentsin other industrial nations, industr,
is demanding a more skilled and technologicall,

““ The ability of today’s scientists to model the mind on computers

was made possible b,generations of psychologists who watched and
recorded people at work on mental tasks of all sorts, and by the accu-
mulated efforts of artificial intelligence researchers who have been try-
ing to understand the nature of intelligence for over 30 years. Research-
ers, finding thousands of regularities in the mind’s handling mental
tasks, are now using the computer to try to assemble those regularities
into a larger picture of how the mind performs. ” David L. Wheeler,
“From Years of Work in Psychology and Computer Science, Scien-
usts Build Theories of Thinking and Learning,” The Chronicle of Higher
Education, Mar. 9, 1988, p. A4.
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competent work force, and the number of dif-
ficult to teach students (specia education stu-
dents, non-English speaking students, and those
from homes where educational support is lack-
ing) isincreasing. These problems, coupled with
a shortage of teachers in some locations and
subject areas, and growing concern over whether
we can produce and keep the most talented
teachers, al create a demand for change and
for a more productive system for schooling.

Research in the cognitive, social, instructional,
and computational sciences is changing the under-
standing of learning and teaching. This different fo-
cus is important—education viewed from the learner’s
perspective, not from the traditional curriculum/
subject matter perspective (see box 7-D).

Some of the areas where current research shows
promise for educational applications include the de-
velopment of intelligent tutoring systems, tools
which act as intelligence extenders, microworlds for
learning, multimedia learning systems, new meas-
ures of testing learning, and research on how tech-
nology affects teaching and the social structure of
schools (see table 7-5).

Intelligent Tutoring Systems

Much of the research on human learning and ef-
fective teaching has been channeled into develop-
ing artificia intelligence technologies that could
simulate human tutoring. There is no question that
human tutoring produces the most effective learn-
ing. For example, one researcher found that only
11 hours of individual tutoring produced the same
level of mastery of the LISP programming language
as 43 hours of traditional classroom instruction with
supplementary student homework. What is also ob-
vious is the prohibitive expense of one-on-one tutor-
ing. The technological opportunity lies in the po-
tential applications of artificial intelligence in
simulating human tutoring.”

Cognitive science research is focusing on those
aspects of human learning that could be used to de-
velop intelligent tutoring systems. Work supported
by the Personnel and Training Research Program
at ONR indicates these include:”

#Susan F. Chipman et al., “Personnel and Training Research Pro-
gram: Cognitive Science at ONR,” Naval Research Reviews, vol. 38,
1986, p. 14.

lbid., pp. 15-16.

Box 7-D.--Guided Discovery: Teaching
From a Learner’s Level of Understanding

The learner-centered approach looks at the
learner’s prior level of understanding, how precon-
ceptions or misconceptions from earlier formal or
informal experience may affect understanding, and
where conceptual stumbling blocks exist. Recent
research has focused on diagnosing the understand-
ing, preconceptions, and interests a learner brings
to formal instruction, so that additional instruc-
tion can build upon this base and deal with spe-
cific areas of difficulty.

Studies of how students learn science illustrate
this approach. Students’ preconceptions about con-
cepts such as light, gravity, motion, heat and tem-
perature, weight and density, and other physical
phenomena are being examined. The Educational
Technology Center at Harvard has identified “tar-
gets of difficulty,” curricular topics both critical to
students’ further progress in science and widely rec-
ognized as difficult to teach and learn. For exam-
ple, in the Weight/Density Project, the research
group began by analyzing students’ beginning con-
ceptions. Although most middle school students
do not know what density means, they do have
related ideas about "heaviness for size” and what
makes some objects sink or float. Most youngsters
have one undifferentiated concept for thinking
about weight v. density where physicists require
two. The distinction physicists make is hard to
teach because an object’s density, unlike its weight,
is not directly observable. The researchers are
therefore exploring the use of interactive computer
models to help students observe density in a simu-
lated environment they can manipulate and explore.
These activities are combined with hands-on activ-
ities with objects of different weights, sizes, and den-
sities, along with problems posed by teachers to
guide the students as they consider the connections
between their experiences with real materials and
the computer representations.’

“TEqucationsl Technology #1im, HarvardCraduate~~10{~-

cation, “Making Sense of the Future,” a position paper on the role of
technology in science, mathematics, and computing education, Janu-
ary 19ss, pp. 7-s.

. understanding how novices and experts solve
problems in order to create an “ideal student”
model;

. understanding where misconceptions occur
when areal student does not perform as the
“ideal student” would;
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Table 7-5.— Promising Directions for Research: Selected Examples of Intelligent Tutoring Systems,
Intelligence Extenders, Complex Microworlds, and Multimedia Learning Environments in K-12 Education

Funding

Project’ Topic Grade level Institution source

Algebra Early algebra instruction using LOGO. Sixth grade Lesley College NSF

Workbench Bolt, Berenak & Newman (BBN)

Boxer Programming environments for educators, Middle school to adult  University of California, Berkeley (earlier MIT) NSF
students, and others

Chips Tool kit to create graphics intensive Designers Learning, Research and Development Center
programs. of instructional (LRDC) DoD

software

CMU Tutor  Authoring language to create instructional Educators and in- Carnegie-Mellon University (CMU) NSF
programs that help diagnose student structional designers
responses.

Debuggy Uses artificial intelligence and cognitive Elementary school Xerox PARC (earlier BBN) DoD
theory to diagnose subtraction errors.

Earth Lab Collaborative learning and experiments in Sixth grade Bank Street College NSF
earth science using LANs,

Geometric Hypothesis exploration in plane geometry, Middle school Harvard University Educational Technology ED

Supposer Center

Geometry Uses cognitive theory to diagnose student Tenth grade CMU NSF

Tutor errors in creating geometry proofs, DoD

Carnegie
Foundation

Green Globs  Uses games and multiple representations to Middle school University of lllinois ED
foster understanding of relationship between NSF
algebraic functions and graphs,

Heat and Helps students understand heat and temper-  Ninth grade Harvard University, Educational Technology ED

Temper- ature through microcomputer lab activities Center

atures with dynamic visual representations.

IDEA Helps students learn to use systematic deci-  Middle school to adult New York University Spencer
sion methods to solve problems. Foundation

Inquire Tool programs for active investigation of Middle school Bank Street College NSF
scientific phenomena.

INTERMEDIA  Hypermedia environment to create programs  Undergraduate Brown University Annenberg
linking images, text, and other represen- Apple
tations,

Kids Collaborative science experiments using Fourth-sixth grade Technical Education Resource Centers (TERC) NSF

Network telecommunications  networks, National Geographic Society (NGS) NGS

LegoLOGO Children control Lego machines using the Elementary school MIT DoD
LOGO programming language. and up BBN NSF

LISP Tutor Intelligent tutoring system that provides in- High school and up CMU DoD
struction on introductory LISP programming.

LOGO Introductory programming language Elementary school MIT DoD

and up BBN NSF

Macro- Uses interactive video technologies to provide Middle school Vanderbilt  University IBM

contexts functional contexts for science learning. DoD

Micro- Inquiry-oriented  science tools that connect Elementary school and TERC NSF

computer- data collection hardware to graphing software up ED

based

laboratory

Modeling Computer-based tools that let students build  Tenth grade TERC NSF
models of systems to learn calculus, Lesley College

PALENQUE Prototype using digital-video interactive Elementary school Bank Street College GE/RCA
technology that lets user “explore” a Mayan
archeological site.

Proust Diagnoses bugs in students’ Pascal Middle school and up  Yale University DoD
programs.

QUEST A simulation environment for teaching basic High school BBN DoD
electrical theory,

Quill A set of computer-based writing activities Elementary school BBN ED

that use real documents to teach writing
skills.

(continued on next page)
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Table 7-5.—Promising Directions for Research: Selected Examples of intelligent Tutoring Systems,
intelligence Extenders, Complex Microworlds, and Multimedia Learning Environments
In K-12 Education—Continued

Funding
Project” Topic Grade level Institution source
Rat Microworlds that allow children to interact Elementary school LRDC NSF
with representations of everyday objects to
learn basic arithmetic concepts.
Reasoning Introductory  statistical reasoning. High school BBN NSF
under
uncertainty
Sketch Tutor to help teach graphing of simple Middle school and up  Carnegie-Mellon  University NSF
algebraic  expressions.
Smithtown Discovery world using simulations to teach High school and up LRDC DoD
macroeconomics.
SOPHIE Electronic troubleshooting  skills. High school and up Xerox PARC (earlier BBN) DoD
STEAMER Uses simulation to teach about operation of a Vocational training BBN DoD
steam propulsion power plant.
Tinker Tools  Uses game format to help learn basic con- Sixth grade BBN NSF
cepts in Newtonian mechanics (mass,
energy, and velocity).
Vivarium Computer-based models for ecology. Elementary MIT Apple
Los Angeles elementary school
Voyage of Uses multimedia materials for informal and Fourth grade and up  Bank Street College ED
the Mimi classroom-based learning of mathematics and NSF
science. CBS
Sony
West Employs the coaching paradigm and a com- Elementary BBN DoD
puter game format to teach basic arithmetic
skills.
Word System that helps children learn the meaning Elementary school Princeton  University DoD
Learning of words by providing different characteriza- and up Spencer
tions of the meaning of words in a passage. Foundation
Word Prototype using multiple representations to Elementary Harvard University ED
Problems help students learn about reasoning with in- Educational Technology Center

tensive quantities.

Abbreviations: NSF = National Science Foundation, DoD = U.S. Department of Defense, ED = U.S. Department of Education, GE = General Electric, MIT = Mas-

sachusetts Institute of Technology, LANs = local area networks X . X X . X X
3projects listed represent th,broad range of innovative applications of technology to probiems central to cognitive, social, and instructional sciences Of education,

particularly in the area of K-12 education. This is by no means an exhaustive list

SOURCE: Office of Technology Assessment, 1988.

- defining the strategies of effective human tutors - showing various graphic means which can il-
(knowing how to present information, what lustrate ways of solving problems; and
problems to present next, when to interrupt, - studying how instruction can be adapted to
when to explain); limitations in the student’s attention span or

- developing representations of real systems which ability to absorb information.

learners can manipulate and explore, to try out An example of an intelligent tutoring system

hypotheses and “what if?" kinds of thinking. Y )~ e A
(Whet if | change this variable? Whet if it bresks 10 \1oorporates af Jea! e':;)r/nﬁ?o??jpe\a/bellltl)tpl); n
down? What if | want to make another like it?) Carnegie-Mellon University. ONR funding for early
+ trying out various student-tutor interfaces to de- research, later supplemented by NSF support for de-
termine how easily the student can get at the velopment and the Carnegie Foundation support

knowledge contained in the tutor’s ideal stu- P :
dent modd:* for testing in the schools, brought this concept from

*™The interface between the user and the computer may be the last _ .
frontier in computer design. ” James D. Foley, “Interfaces for Advanced device, the chorded key set, and on-screen windows; icons, menus,
Computing,” Scientific American, October 1987. Examples of inter- browsers, overlapping windows, and the bitmapped display; eyetrack-
faces are touch-sensitive, plasma-panel screens, the “mouse” pointing ing; and the Dataglove. (See Brown et al., op. cit., footnote 45, app. Ill.)
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basic research to classroom trials in the Pittsburghwriters find that revisions come more easily, thoughts
public schools. Other intelligent tutors are being sup- can be reformatted, rearranged, and given new ex-
ported by NSF for Pascal programming and an in- pressive shapes previoysdt possible in the world

telligent tutor for high school algebra. of erasures and cut-and-paste editing. These adjust-
ments and revisions in writing are techniques that
Intelligence Extenders are associated with expert performance gmon

writers, yet even the most inexperienced of students
There is a major class of tools for learning and can benefit from the assistance these intelligence ex-
problem solving, variously described as “cognitive tenders provide to help them write more fluently.

technologies;' “intelligence extenders, " “cognitive As these tools now approach second-generation

workbenches” or “mental prostheses. ” These soft- " .
it . or integrated tool levels, thean be customized by
ware tools enhance the utility of computers by their teachers and publishers for different curricular areas

gg%afci'ﬂgluqd?écé%?ggescf&g t%'?;é?:gg?'ﬁﬁ?nzég and topics. Like dBase I, a powerful general tool
and sound. They can be used in various combina-for. various database applications, Lotus 1-2-3,
tions as needed. which offers multiple spreadsheets and modefin
plications for business, comparably powerful “engines”
For example, text editors and graphics tools infor education could spawn customized development
word processors enable the writer to manipulate lan-and applications by the teacher for classroom use.
guage with new ease and grace. Using these toolsHyperCard, the latest associative tool, allows the

‘f Aristotle
(born: about 384 B.C.;
died:322B.C))
Aristotle was not an Athen-
Y A R 2 il ian, but came to Athens to
Plate . } * 7" | study with Plato. He broke
(born: around 428 B.C . A e P with Plate on fundamental
died: about 348 B.C.) NG IR e philosophica'l grounds, giving
Formal philosophy begins ' CLie e AN much more ¥mportance to con-
with Plate. He was, according crete experience than Plato did.

to custom, Socrates’ student— His gesture seems to point to

socora | Plato and Aristotle *
several This fentral pair hold the key to the relations that run through the entire “School of din
dialogu Athens.” Here the two greatest Greek p!\ilosop!\ers engage in a heated, but respectfu]t, o
holding debate, apparently over the source of philosophical knowledge. Both had founded schools,

and the teaching of philosophy and science traces its origin back to them. But there is

even more beneath the surface: Aristotle, after all, was Plato’s best student; and Plato,

in turn, was a student of Socrates (who can be found to Plato’s right). It is the close

personal relationships of so many philosophers that made Athens such an electric idea to

Raphael, and that he tries to represent in this picture. Clicking on either philosopher will

bring up further information about him; clicking on the books they ‘re carrying will bring

up information about those, as will clicking on buttons that look like this: ® .

Photo credit: John Camp, Wayne State University
HyperCard software lets teachers create their own instructional software, linking topics as desired. In this “School of

Athens” HyperCard stack, students “click” on a figure to bring up more information about the philosopher or on the
question mark for general information or help.
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userwo create and link together “cards” of intermixed

bles the student learn about the content area by

text, graphics, videodisc images, and sound. Thisexploring the representation, argracticeaskill

software tool also includespowerful, but simple,
programming languagedyperCard's lineagecan be
traced backio memex” the forerunner of today’s
“hypertext,” “idea processing, ” and outline process-
ing systems. Much of the work creating tgeh-
gines” has been taking plaaethe university level
over the past 5 yearsas in Project Andrewat
Carnegie-Mellon University, Project Atheaane
Massachusetts Institute of Technology, and Brown
University’s IRIS Project.

Among themost promising uses of technology
tools are those for exceptional students. Innovative
projects include braille word processors for the blind,
specially designed materials for teaching English syn-
tactic structuracimprove the reading and writing

skills of the deaf, and synthesized speech generate

by touching graphics tablets, enabling students with
little or no capacity fororal languaga. commu-
nicate.

Increasingly Complex Microworlds

In increasingly complex microworldscomputer
representation of situation or environmentena-
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Photo credit: Adaptive Communications Systems, Inc.

One of the most promising areas of research is technology
to serve exceptional students. Typing his words into
this computer generates a speaking voice
for this young man.

in progressively more complex computer-generated
simulated environments.

Microworlds are valuable learningools because
studentsan learn by doing, by actingn the micro-
world rather than merely observing phenomena.
Theycan be very powerful stimuli for understand-
ing how things work. Some microworld systems let
students builcbr program theirown worlds, allow-
ing themto explore the properties of the system and
their relationships by examining the consequences
of changesothese properties.

For example, in the LegoLOGO project, students
write LOGO programs control Lego machines,
connecting programming and real-world objects

uchas gears, levers, and sensassntroduce key

oncepts in physics, engineering, and robotics through
an experimental approach. In microcomputer-based
laboratories students learn science by daing
ternatively, imaginary microworldsn also be con-
structed (e.g., non-Newtonian universes) which of-
fer new opportunitiesto bring w life things that
students could never seeimagine without the
technologies. The microworlehn offer novel op-
portunities going beyond the limits of theal world,
allowing the learneto delve into created worlds of
fantasy and exploration. Examples of microworld
R&D include systems for early physics learning (Dy-
naturtle; Thinker Tools); systems for exploring elec-
trical circuit behavior (SOPHIE; QUEST); economic
systems (Smithtown); physical systems (STEAMER);
and ecosystems (The Vivarium Project).

Multimedia Learning Environments

Print remains the medium of instruction in schools
today, justas itwas a century ago. Video, audio,
graphics and other representation of information
are used far less, despite the fact that theyhighly
motivating anckfrective for learning, anchost often
the sources of the learning that takes place outside
the schoolroom.

Researcherare studying ways learners process
formation presented in nontext media, and how
various symbols (pictures, diagrams, graphs, flow-
charts, etc.) affect understanding.*AS discussed in

5ISee Mary Alice White, What Curriculum for the Information Age

(Hillsdale, NJ: Lawrence Erlbaum Associates, 1987).



chapter 8pew developments makia possiblewo
combine video, audio, and graphisprovide in-
formation in varying formats that the teacher can
control and access quickly. Object-oriented graphics
editors, digital scanners for photos and video frames,
and animation tools are available for computers at
reasonably low cost, and are being used in learning
technology development work in the research lab-
oratory.

A future scenario illustrates how these multimedia
tools could be used in the classroom. Picture the
elementary school teacher discussing earth science
and plate tectonics with the class. Using the com-
puter as a multimedia control device, the teacher
pulls up for computer projection dramatic online
video clips of volcanoes. Students use an interac-

tive microworld to examine how continental drift
operates, and slides of fossil remains from different
continents show how now-dispersed land masses

were once connected. One student has the idea of

photographing local geologicatata, another brings
in a home video of television footage on volcanoes
he thinks might be relevant, another tapes the sound
of storms to produce an audio soundtrack. When
they return the next day these auditory and visual
images are scanned into the classroom archives for
other students to use. Electronic messages flow be-
tween students and from teachers to students when
difficulties arise or to share new ways of thinking
about what is being learned. Students work at mul-
timedia composition work stations, revealin;what
they have learned by constructing and revising their
own reports about plate tectonics from these and
other materials they have found and pulled together.

New Measures of Assessing Learning

Tests playarole in the learning process b, tell-
ing students what in the curriculum is important.

Photo credit: Optical Data Corp.

New developments with interactive multimedia make it possible to combine video, audio, and graphics to prowde
information in varying formats the teacher can control and access quickly.
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If, for example, testing is confined memorizable
endresults, teachers will teach facts and students
will memorize them to score well on tests, ignoring
the more sophisticated levels of understanding and
reasoning which education aims to foster. At pres-
ent, very little school testing is directed toward
measuring students’ conceptual understanding. Re-
searchers suggest the need to devise new assessment
strategies that analyze the attainment of nontrivial
skills, with particular attention to “complex think-
ing skills” such as the ability to generalize appro-
priately, to invent analogies and use them critically,
to take problems apart into interacting parts, to ef-
fectively manage and deal with complexity, to lay

SR TIPS Lo Lt LR
Photo credit: Kalamazoo Area Mathematics Center
New kinds of problem solving are made possible using

the real-life tools of mathematics, a graphing
calculator and computer.

out a proceduraesasequence of approximations
which convergeo a solution, and to analyzesit-
uation from a viewpoint other than one’s own.

Another important feature of testing should be
the ability to diagnose the student’s present level
of conceptual understanding, taking into account
the preconceptions or misconceptions he or she
brings to the learning situation. These prior beliefs
may frustrate traditional instruction and need to be
identified so that the teacher can address them
appropriately. Research is needed to develop instru-
ments for measuring deep conceptual understand-
ing and diagnosing prior understandings.

An additional approach to assessment calls upon
learners to evaluate themselves as they are learn-
ing (e.g., testing comprehension in reading) and to
work strategically to overcome difficulties as they
are experienced. Here, too, today’s tests are inade-
quate for self-assessment of understanding or skills.

Research on How Technology
Affects Teaching and the Social
Structure of Schooling

A last but important area of educational research
focuses on the social context in which learning takes
place. For example, teachers can make a difference
by creating and maintaining an open environment
in which making mistakes is an accepted part of the
learning process, and in which different approaches
to problems are welcomed as opportunities for group
learning. Such an environment appears to influence
whether a student treats work on a problem as an
opportunity for learning or as an occasion for fail-
ure and low self-image. And a teacher’s negative ex-
pectations for a student’s performance often become
self-fulfilling. The computer, with its immediate and
private response to the student’s input, can be one
antidote.

Social relations with peers in the classroom can
also be harnessed to contribute to cognitive growth.
Numerous studies indicate that group discussions
of strategies for solving a problem can be important
vehicles for learning, by making explicit to each
member the merits of different approaches and view-
points.

All the ways technology can enhance what stu-
dents learn, how learning is measured and how the
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curriculum can be reconfigured will have major im-
plications for the teacher’s role (see chapter 5). With-
out new training efforts to teach with, not about,
technology, the innovations discussed above will
make little impact on education. As one researcher
said:

The problem with education now is not what stu-
dents are capable of, but what teachers are capable
of, given their previous education. The main prob-
lem of educational research and development is to
educate teachers to teach to students’ conceptual
understanding, and to teach them to diagnose stu-
dents’ alternative frameworks for thinking about
what is being taught.”

Few experts see the technolog,replacing the
teacher. Some believe that this is what intelligent
tutors are being designed to do, but most think only
a small part of formal education can be mechanized
in that fashion. instead, most experts see ways in
which the computer can be used to revitalize the
teaching profession. For example, the computer
could provide better ways for teachers to see incre-
mental changes in students’ understanding of con-
cepts to diagnose areas of special difficulty. This will
improve teachers’ abilities to teach based on an un-

“Susan Carey, “Cognitive Science and Science Education,” Amer-
ican Psychologist, vol. 41, 1986, pp. 1123-1130.

BARRIERS TO

A number of barriers stand in the way of mov-
ing from research to application in the classroom.
Many educators fear that without major restructur-
ing of schools, such as alowing teachers much more
flexibility in controlling the curriculum, opening up
the time-in-grade system to that of student move-
ment based on individua progress in meeting in-
structional goals, and other improvements to the
educational system, no significant changes will or
can be made, with or without technology R&D.*

“*Technology can never replace teachers. But the lack of new tech-
nologies in our schools—or the use of technology as if it were no more
than a modern blackboard or drill sheet—is certainly squelching real
teaching and learning. We've always talked about getting out of the
rut of teaching as information dispensing and overcoming a ‘one best
system’ of student learning that denies individual differences and needs,
despite all our rhetoric to the contrary. Well, in technology we have
the opportunity. The question is, will we take it and what will we do
with it?" Al Shanker, president, American Federation of Teachers, per-
sonal communication, Mar. 22, 1988.

derstanding of the student’s particular stumbling
blocks.

Computers could also help make the teacher’s role
more one of “coach” than deliver, agent of learn-
ing. Such tools as microworlds, word processors, and
database programs enable students to work individu-
aly or in small groups focusing on problem solvin,
activities. In this mode, peer learning is facilitated,
while the teacher guides the students in a process
of discovery learning. (See box 7-D. ) Some see this
as an even more inteflectuall, challenging role for
teachers than that required in the lecturer/test-
deliverer teaching model common today. Computers
could also promote more effective learning for the
teachers themselves as they use technology in preser-
vice, inservice, and networking activities.

Technologies may have a specia role to play in
research on the “Microsystems’ of schooling, which
deal with the social organization of instruction and
curriculum content. For example, networking tech-
nologies could fundamentall, change the commu-
nication systems of classrooms, connecting teachers
and students to a nearly limitless number of learn-
ing and teaching resources, including information
databases and teachers, specidlists, and others stu-
dents, as close as the next seat and as far as across
the ocean.

IMPLEMENTATION

Problems of funding, leadership, and strategic
planning have been highlighted in previous sections
of this chapter, while others are discussed in detail
in other sections of this report (see chapter 5 on the
teacher’s role and chapter 6 on software). There are
additiona barriers:

- The lack of consistent stable funding means that
ideas rarely can be sustained through experi-
mental and applied development with appro-
priate classroom testing and evaluation. Proto-
type development is not enough to bring the
results of basic research into classrooms.

- The hardware necessary to conduct sophisti-
cated artificial intelligence research is extremel,
expensive. Small grants or contracts to research-
ers will not suffice.

- The installed base of technologies in the schools
today is not powerful enough to run some of
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the more sophisticated software applications
produced by advanced research. In order to ex-
periment with advanced applications, research
projects need to be alied with schools and make
the necessary advanced hardware systems avail-
ableto them.”

- Thereis need for long-term comprehensive
evaluations of different approaches, including
those utilizing technology. Schools are justifia-
bly cautious about using rea students as “guinea

*For example, in order to test the Geometry Tutor in schools, the
researchers at Carnegie-Mellon University had to loan computers to
the test sites in the Pittsburgh schools. The Geometry Tutor's high-
level software required more powerful machines than the schools had.
Although the final version has been adapted to run on a Macintosh,
even these are rare in high schools at this time.

pigs’ for radical approaches without some track
record of success.

- Thereis a shortage of research scientists to do
this kind of interdisciplinary research. Currently
we have not infused “. . . enough sense of na-
tional emergency into the work to attract them
away from other attractive projects. "

- Differing design featuresin the technology be-
devil the education R&D community and prac-
titioners. Many argue for standards in interface
design so research can translate across ma-
chines, to ensure compatibility, to reduce learn-
ing time for users, and to make finding and stor-
ing data easy for even the youngest students.

‘George Miller, Princeton University, personal communication, De-
cember 1987.

POLICY OPTIONS

The Federal Government has a clear responsibil-
ity in supporting R&D for educational technology.
Only the Federal Government can marshal the
resources to conduct the R&D necessary for the
development of high quality teaching tools and
materials, for creating and testing technological
systems, and for demonstrating and evaluating the
applications of technology to a wide range of
educational problems. Several options are possible.

Option 1: Take No Action

Under this option, current levels of funding and
organizations for educational technology R&D in
Federal agencies would be maintained. Some sug-
gest that the existing Federal organization for R&D
IS appropriate and has served to support important
research that eventually makes an impact on class-
room teaching and learning. Under this option,
funding for technology would probably reflect Fed-
eral budget restrictions. The private sector could be
encouraged to provide greater support for educa
tiona technology R&D.

This approach would be appropriate if we wish
to maintain the status quo. Some educators feel that
technology is overrated and costly. They contend
that educational priorities must first address mea-
sures that upgrade the teaching profession and re-
structure the organization of schooling. However,

these reforms are also very costl and carry no guar-
antee of improved student learning. The promise
offered by new technologies for improving learning
suggest that, although technology has significant
costs, it could be as promising an investment oppor-
tunity as any other major school reform proposals.

Furthermore, maintaining the current level of ef-
fort for Federal R&D on technology could result
in missed opportunities for significant educational
change. Existing problems in Federal support for
R&D (gaps in subject areas, poor coordination, in-
ability to support major, long-term research projects,
shortages of research facilities and manpower, and
lack of classroom testing and evaluation of prod-
ucts and procedures) would be perpetuated. Finally,
adopting a policy of no change would send asignal
to the education and research communities that
technology is not a priority area for educational im-
provement.

Option 2: Increase Resources in
Existing Programs

Congress could direct Federal agencies to provide
a greater focus on educational technology R&D and
increase funds for the R&D budgets of existing tech-
nology programs. As shown in tables 7-3 and 7-4
and in appendix C, there are many programs that
could do more if resources were increased and con-
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gressional intent were made clear. Congress could
direct the Department of Education and NSF to in-
crease funding for R&D in these programs, while
aso increasing funding for the 6.1 research compo-
nentsin DoD which contribute to this effort.

Under this approach, agencies could plan to tar-
get greater amounts of mone, over the next 5 to
10 yearsto R&D in technology. Staged growth
would allow for support to greater numbers of grad-
uate researchers whose growing expertise could seed
further research. Funds could be targeted at several
levels: to individual researchers, to existing centers
such as NSF and the Department of Education’s
Technology Center, as well as other laboratories and
centers. These grants and contracts could require
school system collaboration, and might require con-
tributions from the private sector to leverage Fed-
era dollars.

Larger levels of support could make possible an
integrated approach to curriculum development in
areas of special need which require stable, long-term
support. For example, a recent NSF planning grant
for a pilot demonstration on the use of advanced
technologies concluded that “. . . in the absence of
private sector investment in the computer curricu-
lums necessary . . . the Federal Government should
subsidize their development at an estimated cost of
$20 million for eight secondary-school science and
mathematics courses.”” This same report suggested
that a front--end investment of between $1 million
and $3 million per course is necessary to begin such
large scale efforts. Similar levels of effort would be
required in other areas of the curriculum.

However, increased funding is not likely to resolve
other problems of research coordination and long-
term implementation.

Option 3: Facilitate R&D Transfer
and Applications

Congress could direct the Federal agencies to
adopt policies which would enhance R&D trans-
fer within and across agencies, and from laboratories
into schools. Activities could include:

“Arthur S. Melmed and Robert A. Burnham, “New Information
Technology Directions for American Education, ” Report for the Na -
tional Sc¢ tenc e Foundation, December 1987,

87-002 0 - 83 - 5 : QL3

Interagency funding of projects. This is one
mechanism that could increase coordination and
support larger efforts.” However, past experience
with this approach points to difficulties of securing
interagency agreements on objectives, procedures
for awards, and requirements for reports or con-
tracted products. Congress has sometimes viewed
joint funding as duplicative.

Collaboration among programs. Support from
avariety of discretionary or operating funds within
agencies can bring together Federal program
managers, in-house researchers, and external grant
and contract recipients to present findings on work
in progress. Meetings on topics of mutual interest
could provide cross-fertilization of research ideas.
With better awareness of work in progress, Federal
officials could target discretionar,and operating
funds to developments that seem most promising,
as well as to areas where gaps exist.

Coordinating activities and meetings of this scale
requires resources—staff time and funds for travel
and per diem. While these are not large expendi-
tures, many grants today, especialy in the Depart-
ment of Education, do not include travel funds for
researchers, nor have agency staff been encouraged
to travel to professional meetings.

Electronic networks for research and dissemi-
nation. The history of ARPANET and the recent
establishment of research networks in NSF demon-
dtrate the important resource these provide for com-
munication and collaboration among funders, re-
searchers, school practitioners, and policy makers.

*The Departments of Education, Labor, and Defense have sup-
ported an innovative technology, transfer programinvolving the mili-
tary’s Job Skills Education Program (J SEP). Representatives from each
agency met for nearlv 2 years as an Interagency} Working Groupon
Adult Literacv to accomplish this transfer. Withjoint fundin from
the Department of Labor ($500,000) and the Department of Educa-
tion ($128,000), the military’s computer-based jobskills educational ma-
terials are being converted for use in functional literacv programsin
the civilian sector (students in high school and adults inother pro-
grams). Florida State University and Ford Aerospace Corp. willtrans-
fer the JSEP materials for use on IBM compatible hardware and de-
velop manuals for using thesystem. Staff from the Army Research
Institute who had worked directly on the JSEP program coordinated
the details of making this technology’ transfer feasible. The Department
of Labor is funding three demonstration sites in California, Delaware,
and Indiana, where State vocational education and Job Training Pare-
nership Act personnel are playinga kc}’ role. New York State is sup-
porting two demonstration sites as well. Karl Haigler, director, Adult
LiteracvInitiative, L’. S, Department of Education, personal commu-
nication, June 1988.
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Nevertheless, various research communities have
limited access to one another, with the education
community the most infrequent user. Congress may
want to study how national networks can better
serve the needs of the education and research com-
munity, especialy as rising costs discourage network

usage.

Congressional oversight. Congress could request
an annua or biannual report that: a) reviews the
activities of all Federal agenciesinvolved in educa-
tional technology, b) identifies opportunities to
transfer technology from one type of activity to
another, and ¢) recommends steps to be taken for
further research or in transfer activities. Requests
for periodic reports to Congress are not unprece-
dented, particularly in areas of rapid development
and high national interest. Periodic reports could
motivate agencies to collect and analyze informa-
tion in a more systematic fashion.

Agencies may consider this an extra reporting bur-
den. Some agencies are organizing information on
technology funding and project scope for their own
purposes (e.g., DoD), but considerable resources are
required to make information databases useful. As-
sembling an annual report would require expendi-
tures to provide trained personnel to coordinate the
assessment and the computer support for develop-
ing and maintaining databases.

Option 4: New Initiatives

The magnitude of the problems facing education,
increasing demands for a better trained populace to
meet international economic competition, and
promising applications of technology for learning
argue for a different approach. More than band-aids
on the existing system may be required; instead,
some suggest consideration of totally new initiatives
that would provide a national focus on technology
and educational improvement. That technology can
improve the productivity of the workplace is no
longer in doubt. Whether it can offer comparable
improvements to education needs to be tested. Ma-
jor commitments to R&D could explore classroom
applications and changes to make learning more
productive: alowing teachers time to spend with in-
dividua students, coaching and tutoring them; and
tailoring instruction to each student’s level of un-
derstanding, learning speed, and learning style. To

find out whether these goals could be realized re-
quires a major investment in R&D. Perhaps it is
time for education to invest the same fraction of
gross expenditures on research as does the average
privately owned business in the United States. If
that were the case, about $9 hillion a year would
be spent for education research. This is 60 to 90
times more than the present allocation. *

Options incorporating this level of focus and in-
vestment include support for centers for interactive
technology and education, major long-term dem-
onstrations of technology in schools, and funding
a national “education futures’ project, or a combi-
nation of the above.

Centersfor interactive technology and educa-
tion. These centers would conduct research, devel-
opment, demonstration, evaluation, and dissemina-
tion of educational technology projects. ™ They
would be tied closely to schools and involve teachers
in research. The work could be modeled on the De-
partment of Education’s Educational Technology
Center; the differences would be the scale of effort
and funding, the interdisciplinary research focus,
and the long-term commitment. Such centers would
have severa attractive characteristics. They would
encourage the coordination of technology use in
teaching and learning. They would integrate all
stages of R&D, from science to classroom, in one
setting, providing opportunities for technology
transfer among the center and schools, Federal lab-
oratories, private industry researchers, and univer-
sity research. They would stabilize the R&D effort,
making it possible to attract and keep the best per-
sonnel who could see projects through to final evalu-
ation and dissemination. There would be economies
of scale, making it possible to support costly ad-
vanced hardware and bring together a variety of
people from various specialities, enriching the re-
search mix. Finally, centers would provide training
opportunities for teachers and graduate students,
enlarging and enriching the manpower pool for edu-
cational technology R&D.

But there are drawbacks. Such centers are expen-
sive. A new mgjor funding commitment (from $5
to $10 million per year) in atime of budget deficits

“See Office of Technology Assessment, op. cit., footnote 1, p. 49.
““For a fuller discussion and description of centers for interactive
technology and education, see Pea and Soloway, op. cit., footnote 44.
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may be unrealistic. Centers could duplicate current
efforts. What would be their relationshi with ex-
isting Federa centers and their research in "this area?
Would important work in progress now lose sup-
port to continue? Would independent researchers
still be supported for smaller efforts not tied to the
work of the centers? Would new centers strip exist-
in universit, research centers of their best people,
glven the shortage of highly skilled personnel? Fi-
nally, the long lead time for research applications
to reach fruition could be politically unpopular and
jeopardize future funding. Experts estimate that
many products in the R&D pipeline now could take
a decade or more before they can be expected to
make a significant impact on the classroom.

Long-term demonstrations of technology. The
scale and scope of these demonstration schools
would be much larger than current demonstrations
that typically focus on one technolog, product or
process with just one class or a small group of
students in a school. Technolog, demonstration
schools could be representative of the student pop-
ulation nationwide and involve al the school re-
sources (teachers, researchers, equipment, curricu-
lum, parents, community support) for applying
technolog, in school activities. Demonstration sites
would make it possible to evaluate the educational
effects of a technology-rich school environment.

The costs of setting up and sustaining demonstra-
tion schools would be large, requiring the Federal
Government to reimburse States and local districts
for the extra required resources. States and districts
sponsoring demonstration sites would have to agree
to relax standard requirements for curriculum,
teacher staffing and salaries, and organizational and
administrative restraints, in order to provide a site
alowing for experimentation. And not al schools
would benefit equally at first, raising concerns about
equity and the choice of sites.

A “national education futures initiative” for re-
search, development, and demonstration in educa-
tional technology.” This option, on the order of

“"Models for this level of effort include the Manhattan Project in
atomic energy and the Apollo Mission to put a man on the moon.
Both these programs sprang from a sense of national emergency and
concentrated human, financial, and technological resources in a clearly
articulated strategic plan of action. A national education futures ini-
tiative would not have the simply defined technical goal thar charac-
terized Manhattan and Apollo, but would focus national resources and
provide momentum and commitment.

$1 billion per year for 10 years, could include the
initiatives suggested above, as well as support al
levels of research, development, and demonstration;
teacher training; software development; longitudi-
nal and comparative evaluations, and dissemination.
Congress could include a sunset provision, using the
year 2000 as an endpoint, a period in which the Fed-
eral effort would make enough of an impact on edu-
cation to create significant change. In addition to
focusing the Nation's attention on technological
solutions, an initiative of this order could also
strengthen the hardware, software, and telecommu-
nications industries, which have become important
industries for U.S. economic competitiveness. Many
educators have suggested that the magnitude of U.S.
educational problems, and the Nation’s decreased
economic competitiveness, require an initiative on
this order.

This effort would require the establishment of a
coordinating body—possibl a new institution made
up of staff from existing Federal agencies, univer-
sity laboratories, school personnel, and members of
the private sector.” It would draw resources, both
personnel and financial, from other sectors as well
as from other approaches to educationa improve-
ment. Other socia programs might suffer funding
cuts to support an educationa buildup of this or-
der. Finally, this level of Federal activit,in educa-
tion could prove politicaly difficult if it led to the
development of national curricula or national educa-
tiona standards, or if the public became impatient
and did not detect significant educational improve-
ments after the first few years of funding.

Option 5: Support International
Cooperation

The European community, Canada, Australia, Ja-
pan, Israel, the Soviet Union, and other nations are
embarking on major efforts to use interactive tech-
nologies to improve instruction. These efforts share
common concerns, experiences, and outcomes with
U.S. educational technology activities, despite vary-

"In hearings on Federal educational research, the British “quango”
was suggested as a model for a public/private coordinating agency. See
Major R. Owens, chairman, Subcommittee on Select Education, House
Committee on Education and Labor, “Opening Statement,” Oversight
Hearings on the Office of Educational Research and Improvement, Apr.
20, 1988.
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ing educational goals and cultural differences. There
is much we can learn from one another.

As information technologies are used to link stu-
dents and classrooms all over the world, it may be
appropriate to support larger efforts for international
cooperation. Congress may wish to consider inter-
national cooperative efforts such as sponsorship of
conferences,” exchange of researchers, and joint
funding of projects. Models for this occur in other
areas of science, but little has been done to date for
cooperative educationa technology projects. As the
Chairman of the 1987 Organisation for Economic
Development and Cooperation conference stated:

Some educators would advise caution and warn
againgt the possibility of creating too great expecta
tions. ... Such views are praiseworthy but we
should not be daunted by the magnitude of the task.
The application of information technology to edu-
cation requires new and imaginative approaches.
The potential return is very high indeed.”

*The Center for Educational Research and Innovation of the Or-
ganisation for Economic Cooperation and Development has sponsored
international conferences on education and information technology.
See Organisation for Economic Cooperation and Development, New
Information Technologies: A Challenge for Education (Paris, France:
1986); and Organisation for Economic Cooperation and Development,
Information Technologies and Basic Learning (Paris, France: 1987).

‘Quote from Denis Hedy of Ireland, Information Technologies and
Basic Learning, sponsored by the Center for Educational Research and
Innovation (Paris, France: Organisation for Economic Cooperation and
Development, 1987), p. 13.

On the other hand, some would argue that the
resources available for enhancing educational tech-
nology in this country are already scarce. To attempt
to support international efforts might put too great
astrain on our system. Others suggest that the cen-
tralized educational systems of other industrial na-
tions, or the special problems of developing nations,
would make it hard to generalize research results
into useful programs for this country. More study
is needed to identify the U.S. position with regard
to other countries and to consider ways in which
international efforts could proceed.

Conclusions

OTA concludes that increased coordinated sup-
port for R&D in educational technology is neces-
sary. Significant improvements in education can be
made if sustained support is made available for de-
velopment of new tools for teaching and learning.
The private sector, while a contributor to this ef-
fort, does not have the primary responsibility or
appropriate vision for making this a priority. States
and localities do not have the capacity. The mag-
nitude of the challenge facing education, alied with
the potential offered by new interactive learning tech-
nologies, requires that the Federal Government ac-
cept this responsibility and opportunity for leadership.



