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FOREWORD 

' 
Since its founding, the National Academy of Engineering (NAE) has 

taken a major interest in engineering education. For several years 
there was a Council on Engineering Education which produced much work 
including an early report summarizing available educational films in 
the engineering area. Even though this document is out of print, we 
still receive occasional requests for it. 

In 1978, the NAE formed an ad hoc committee on Advanced Technology 
in Engineering Education. At that time, an excellent treatise on 
educational technology in engineering was prepared by Dean Lionel v. 
Baldwin of Colorado State University and Associate Dean Kenneth s. Down 
of Stanford University. The obvious utility of this document led us to 
ask the authors to update the material in order that we could make it 
available to the many people interested in this important subject. 

iii 

Courtland D. Perkins 
President 
National Academy of Engineering 
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PREFACE 

This paper reviews the literature and current knowledge on the use 
of modern technological methods in engineering education with an 
emphasis on videotape systems. The primary focus is on current 
practices. In the concluding two chapters, we make a critical 
evaluation of today's activities and offer some reconanendations for 
future activities. 

We do not attempt to summarize the many reports concerning 
educational technology which offer rationale for government action. The 
National Academy of Engineering is clearly addressing the correct 
issue: how to improve the quality of engineering education. 

No pretense is made that this report is complete, but we hope it 
offers a representative sampling of good practice today. The authors 
would welcome comments. The authors also would like to express their 
appreciation to Linda L. Jenstrom for her editorial assistance in 
preparing this manuscript. 

v 

Lionel v. Baldwin 
Colorado State University 

Kenneth s. Down 
Stanford University 
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SUMMARY 

Educational technology (ET) encompasses not only the use of 
materials and hardware to aid in the learning process, but also the 
systematic organization and presentation of knowledge to the learner. 
The rejuvenated interest in ET today stems from the microelectronics 
revolution of the past decade which, coupled with the development of 
digital and laser systems, is just starting to produce useful 
instructional hardware that is more powerful and more affordable. 
Indeed, some items are intended for direct consumer purchase. 

The challenge of devising appropriate ways to employ hardware in 
education is stressed throughout this paper. Much of the text focuses 
on effective examples of ET as it is practiced in engineering 
education. The recommendations, presented after this summary, call for 
new programs which would capitalize on the decentralization of the new, 
inexpensive, stand-alone ET delivery systems. 

Three major goals for introducing ET are: 1) to save dollars; 
2) to enrich, improve, and individualize instruction; and 3) to serve 
the unserved or enlarge coverage. By documenting the specific goals 
and results of ET applications in the economic context of productivity, 
educators could describe a wide array of goals for ET in terms readily 
understood by those who make policy. Actual examples of courses are 
used to illustrate the productivity concept; situations in which 
additional outputs are identified that justify the additional input of 
ET are described. 

Instructional television (ITV) in engineering education on campus 
is often not popular with undergraduates when it is substituted for 
live lectures. Early ITV uses were viewed as too impersonal by many 
students. Yet, through careful implementation, ITV can demonstrably 
enhance learning, and, at the same time, lower the cost of 
instruction. The first course in accounting at Colorado State 
University is an excellent example. This course is built around 20- to 
25-minute lectures which are studio produced, well illustrated, and 
continually revised. Groups of approximately 30 students viewing a 
brief ITV lecture are proctored by graduate teaching assistants. 
Immediately afterwards, the assistants lead discussions and interactive 
problem-solving sessions. In each of the past 14 years, over 500 
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students have been exposed to standardized content in relatively small 
classes at less than $1.50 per student-contact-hour. These students 
consistently score in the top 25th percentile of the national Certified 
Public Accountant (CPA) examination for Level I, beginning accounting. 
The key points that have made the course a success seem to be: 
simplicity of presentation and active participation by the students. 

Today, many engineering faculties are faced with record numbers of 
students. Problems such as having to teach very large classes and 
having to turn away students are commonplace. Properly applied, ITV 
could be a cost-effective alternative, yet it languishes on most 
campuses. More efforts to achieve both effective and popular 
applications are required. 

Included among the more popular applications is the instant replay 
of classroom lectures under the guidance of a tutor. Such a program is 
used by the Massachusetts Institute of Technology to stem the attrition 
of ethnic minority undergraduates. Lecture review by way of cable 
delivery systems (CATV) to dormitories and to library self-study 
carrels also is popular. Some experiments involving the use of 
videotape in self-paced instruction show promise. 

Student performance in oral and written communication skills has 
been improved by audiotape and videotape experiences. Individual 
laboratory reports are critiqued by Southern Methodist University 
instructors using audio cassettes in a very personal, effective 
manner. The opportunity to view one's own presentation by videotape 
replay and to be coached by peers and teachers in needed improvements 
is clearly valuable. 

In other universities, non-scheduled or open laboratory hours are 
made possible by files of videotapes which describe the purposes of 
experiments and demonstrate the procedures to be followed. Through 
films or videotapes, it may be possible to simulate some laboratory 
experiences; however, to date, only instructors in fluid mechanics have 
made wide use of this method. Many industrial machines and processes 
which cannot be duplicated on campus might be subjects of well-designed 
videotape presentations. 

The case study method of instruction is gaining favor as an 
effective way of introducing students to realistic design problems 
throughout the engineering curriculum. ITV can add realism and 
emotional stimulation to this method. Good prototypes are cited which 
involve human factors in systems design and in professional ethics 
courses. However, much more needs to be done in this area. 

The greatest impact of ITV in engineering education to date has 
been in its off-campus applications. During the past decade, 
approximately 30 universities have developed regional ITV systems which 
today provide regular graduate classes originating from campuses to 
over 44,000 engineers at their job sites. These programs are popular, 
effective, and continue to proliferate. No federal funds are 
involved. Rather, these ITV systems are local responses to a 
professional need and are paid for by industrial and government 
employers. 

Recently, 22 universities, which account for over 85 percent of the 
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off-campus ITV instruction, joined together to form the Association for 
Media-Based Continuing Education for Engineers (AICEE). The goal of 
AICEE is to increase the national effectiveness of continuing education 
for engineers. Work is underway to distribute videotaped courses 
nationally (over 450 courses from 22 universities were cataloged in 
1980) and to develop special workshops and seminars on timely topics. 
The emergence of videopublishing offers the university a unique 
opportunity to serve the practicing professional. 

There are examples of television employed in engineering education 
at junior colleges, high schools, and in foreign locations. These 
show considerable promise, but, unfortunately, they are rare. 

The use of satellites offers a unique opportunity to develop both 
nationwide programs and resource sharing with foreign educators. The 
engineering profession brings a background of tried and tested 
educational services to the •new• connnunications technologies. 
Experiments have already shown that use of satellites could overcome 
three current types of problems in ITV operations: technical, i.e., 
the ITV signal can travel only a short distance at a reasonable cost1 
logistical, i.e., the mail and other delivery services are slow1 and 
financial, i.e., a videotape inventory is expensive. In addition, 
unique features such as teleconferencing could assist in the 
co-management of education tasks both between u.s. industries and 
universities and between foreign universities and U.S. universities. 
The domestic applications have been studied in detail by AICEE1 
satellite delivery of ITV could break even financially two to four 
years from initiation if capital were available for the ground 
facilities. 

The very recent advent of personal computers and inexpensive 
videodisc systems, coupled with microprocessors, is stimulating renewed 
interest in computer-assisted instruction (CAI). University presidents 
may welcome this consumer •takeover• of computing. During the 1976-77 
academic year, $991 million was spent on computers for universities. 

·About three-quarters of this amount came from university funds, and the 
remainder was primarily supplied by federal agencies. Fewer than 50 
engineering colleges recently reported some use of CAI, but virtually 
all (238) reported use of computers for problem-solving activities. 

Very few educators have the experience necessary to make effective 
use of the new CAI hardware immediately. The first task is, therefore, 
to enlarge the group of engineering and physical science faculty who 
study and test the potential of the medium in small working groups at 
many universities. Like all technology, ET requires key human 
resources for implementation. The appropriate adoption of ET is 
seriously hindered by the historical lack of a broad-scale, sustained 
effort to enlarge the number of talented individuals working with media. 

The greatest payoff of the new hardware in engineering education 
will be attained through interactive computing combined with graphics. 
These can provide unique learning experiences that will develop skills 
in synthesizing and analyzing, as well as assist in visualizing, thus 
developing intuitive skills. Applications of computer-aided design 
(CAD) and computer-aided manufacturing (CAM) need to be introduced 
virtually in all of the engineering colleges that today lack the 
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instructional facilities to serve students properly. This is a 
pressing, massive problemi it needs to be addressed squarely. 

The rapid introduction of measuring instruments that incorporate 
microprocessors and digital memory is widening the gap between 
industrial practice and university laboratories. The emergence of 
these powerful new instruments and control devices is outpacing the 
equipment budgets of universities. Traditional laboratory procedures 
are being changed fundamentally by the built-in data analysis programs 
of the instrumentation. Unlike most of the ET discussed in this report 
in which courseware is the dominant issue, the instrument revolution 
described above is essentially a hardware problem. 

Suggested Actions 

Educational technology today offers many attractive investment 
opportunities. Successful applications of ET in engineering education 
involve faculty who have both an educator's insight into pedagogical 
issues and an engineer's skill in organizing and adapting hardware. 
Perhaps no better proving ground for instructional technology could be 
devised. 

The primary purpose of this report is to provide a critical 
evaluation of the ET literature with respect to its applications to 
engineering education. A number of suggestions are made throughout the 
report and are summarized in Chapter V in the hope that they will serve 
as stimuli for thoughtful consideration and, perhaps, even action. The 
authors' principle suggestions, listed in order of priority, are: 

• Government agencies should design funding programs which 
encourage broad-scale, diversified development and testing of 
ET courseware in various media at the local course level. 
Although some basic instructional research in artificial 
intelligence and other, similar areas should be funded, major 
support should be given to improving local courses and to 
productivity studies. The purpose of these programs would be 
to involve many more faculty, nationwide, in meaningful ET 
activities. 

• At least twelve prototype computer graphics centers should be 
funded in the next two years at selected engineering 
colleges. These centers would serve as regional models for 
the organization and operation of interdisciplinary 
facilities, as clearinghouses for vendors and educators, and 
as developers of outreach materials for engineering educators 
nationwide. External funding of these pioneering centers 
might require one-third to one-quarter local matching funds. 
A second round of facility grants to ensure the general 
availability of computer graphic equipment might involve as 
much as a 50 percent match by colleges and universities. 

• Several university videopresses should be endowed at 
universities having both a strong commitment to continuing 
education of professionals and the media expertise to set high 
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standards of quality. These new enterprises would provide a 
creative outlet for faculty everywhere and encourage the 
development of modern instructional programs under the 
guidance of skilled staff. 

• An operational plan to test the cost effectiveness of 
communications satellites should be funded to provide 
engineers with the following educational services at their job 
sites: national delivery of graduate credit courses in a 
coordinated program initially involving 10 AtCEE universitiesr 
delivery of continuing education short courses; and 
teleconferencing between originating sites to provide for 
direct faculty exchanges, special seminars, and technical 
meetings. Studies should be undertaken to involve ethnic 
minority colleges of engineering in activities of their 
choosing. 

• Post-graduate study programs offered by u.s. engineering 
colleges might be transmitted overseas via satellite. The 
potential advantages of high-quality educational opportunities 
available in the homeland of the student may warrant the 
investment necessary to employ modern communications 
technology. 

• An in-depth study of the equipment problems of colleges of 
engineering should be undertaken, perhaps by an industrial 
team sponsored by the National Research Council. 
Recommendations might include government incentives to 
industry, as well as emergency programs to overcome what has 
become a massive problem of hardware acquisition. 

• Federal agencies should design a number of new programs to 
expedite the transition to decentralized computing. These 
diverse efforts might·include sponsorship of the following: 
consumers' unions to evaluate machines and courseware; 
visiting lectureshipsr workshops and summer institutesr and 
media-ba~ed, packaged, short courses for in-service training 
of teachers. 

• Foundations should explore the creation of working consortia 
or nonprofit organizations to produce high quality films and 
videotapes in support of case study instruction, especially in 
engineering design and in professional ethics. 

• The use of ET in attracting, motivating, and preparing ethnic 
minority students and others who are educationally 
disadvantaged in grades 9 through 12 should be extended. A 
few university-based centers could supply materials and 
information to the many programs which are now sponsored by 
businessmen and educators regionally. 

• The National Academy of Engineering (NAE) should sponsor a 
feasibility study on the creation of several regional 
computation centers for engineering research. 

• The NAE should update its 1974 study on issues and public 
policies in ET in the light of current trends and forecasts in 
hardware delivery systems. 
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I. 
EDUCATIONAL TECHNOLOGY 

The promise of technology in the educational process at all levels 
has never been greater than it is today. The reason is clear: the 
microelectronics revolution of the past decade, together with digital 
and laser system development, is just starting to bear fruit in usefu1 
instructional hardware. The cost of such hardware continues to 
decrease and may soon be an insignificant impediment. Now, the 
challenge of devising appropriate ways to employ hardware in education 
is brought into sharper focus. 

Educational technology (ET) encompasses two aspects: the 
organization of knowledge for learners1 and the use of materials and 
machines to aid in the learning process. Educational technologists 
are those who seek to apply scientific and other organized knowledge 
to the practical tasks of education. These creative practitioners 
endeavor to understand learning theory and to apply it. They often 
are viewed by their peers as reformers, even revolutionists. However, 
perhaps most fairly, many ET activists are proselytizing optimists? 
Their optimism now seems warranted since more ET alternatives are 
rapidly becoming affordable. 

For a variety of reasons, however, the practice of ET falls short 
of the promise envisioned by some people. Cost is often cited today 
as a major impediment to ~omputer-based instruction. Yet, 
economically attractive alternatives such as some forms of 
instructional television (ITV) have not gained universal acceptance. 
The effectiveness of ET varies from situation to situation, but ET is 
often on par with traditional methods. Lack of wide acceptance of ET 
is sometimes traced to conservative institutions of higher education 
in which, it is argued, neither faculty nor administrators have the 
appropriate experience and knowledge needed to introduce ET 
effectively. Continuing this line of thought, some ET enthusiasts 
state that traditional schools are obsolete and that ET can, in 
principle, provide educational services to widely dispersed learners 
in a time-independent manner. More thoughtful educators argue that 
the premise that suitable ET is readily available today is incorrect. 
The delivery devices may be purchased perhaps, but instructional 
materials are rarely marketed. Furthermore, the development and 
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introduction of ET should be matched carefully to learner needs. ET 
extremists are viewed as classical examples of technologists in search 
of problems. 

The literature review which follows focuses on ET in practice, 
starting with a brief historical overview. The body of the material 
is organized by specific delivery technologies, i.e., video, 
computer/video combinations, and communications satellites. Under 
each technology, illustrative examples of applications in various 
settings are presented. Where available, evaluative and economic data 
are cited with each example. Because this report covers a wide range 
of materials, readers seeking information on a specific topic should 
first scan the Table of Contents. 

The core of the ET organizational problem is fundamental: all 
learning is individual, even in group instructional settings1 
individuals vary greatly in characteristics1 and the behavior of each 
person may vary over time and be subject to complex environmental 
influences. David Hawkridge, Director of the Institute of Educational 
Technology of the Open University of the United Kingdom, states the 
problem candidly: 

One of the questions I am frequently asked by visitors to 
the Open University is, •eow do you choose which media to 
use for different parts of your multi-media courses?• 

I feel that I am expected, in answer, to point to a 
beautifully constructed algorithm and explain how a 
carefully balanced analysis of pedagogical factors leads 
to the best choice. In fact, I have to admit that no 
such algorithm or analysis exists, and that the 
University's selections of media are controlled by 
logistical, financial, and internal political factors 
rather than by soundly based and clearly specified 
psychological and pedagogical considerations. 

I don't like admitting this: it seems as though it is 
not to the credit of the University, a leader in the 
multi-media field. But, I don't feel too defensive about 
it. The fact is that instructional researchers and 
designers have not provided even the foundations for 
constructing strong practical procedures for selecting 
media appropriate to given learning tasks. If there has 
been British work in this area, I have been unable to 
discover it. • • • In the United States, over 2,000 
media studies have not yielded the answers we need. 
(Hawkridge, n.d.) 

Infancy of ET: 1950 to 1965 

Hawkridge (1976) captures the spirit of ET in practice. He reviews 
the conceptual framework from the point of view of an educational 
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psychologist, and, in a lively fashion, puts today's efforts into 
historical perspective. He notes that Skinner's (1954) principles for 
teaching machines, including programmed texts/machines, were the 
hallmark of ET in its infancy: 

• 
• 
• 
• 

Reinforce the student's responses frequently and immediately1 
Provide for the student to be in control of the learning rate1 
Make sure the student follows a coherent, controlled sequence1 and 
Require participation through responding • 

Programmed instruction has a small but dedicated following among 
engineering educators. One technique, which generally follows these 
principles, has gained wide acceptance in engineering education. This 
pedagogy, personalized system of instruction (PSI), is discussed in 
detail later, but the close relationship between PSI and early 
educational research is worthy of note. In citing Hartley's (1974) 
systematic review of research on programmed learning, Hawkridge notes: 
•No method of instruction has ever come into use surrounded by so much 
research activity.• 

From 1949 to 1953, a group of college professors interested in 
educational psychology met annually to develop a taxonomy of behaviora1 
objectives in the cognitive domain. The resulting book, Bloom (1956), 
has had a significant and continuing influence on curriculum 
development at all levels. Reference is made to this taxonomy in the 
later discussion of computer-based instruction for engineers. 

During this early period, researchers in psychometrics refined 
testing methods along two lines, norm-referenced and criterion­
referenced testing. Hawkridge (1976) observes that •a full 
understanding of the differences between the two types of tests has 
continued to elude many [ET] practitioners.• Norm-referenced tests are 
intended to show where a student stands in relation to a peer group, 
and, in many cases, the statistical work behind the test development 
assumes a normal distribution of ability among students. 
Criterion-referenced testing, on the other hand, assumes that a given 
task can be achieved at a given criterion level by all who have been 
appropriately taught. The latter form is almost exclusively used by 
engineering educators. There is one notable exception, the nationally 
administered Engineer in Training (EIT) examination. The EIT is the 
first step toward registration of professional engineers and is 
intended, among other things, to protect public safety and welfare. In 
this light, one might reasonably expect a criterion-referenced test, 
but, in fact, the current program employs an norm-referenced test. It 
is safe to say that psychometric research has had little influence on 
engineering educators. 

Adolescence of ET: 1965 to Date 

By the mid-1960's, interest shifted from programmed learning to 
other formats. Hawkridge (1976) found that fewer and fewer programs 
were written strictly according to Skinner's original prescription. 
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The pure linear program, consisting of many short frames with a high 
degree of repetition, was no longer favored. Crowderian branching was 
inserted into linear sequences more often as pointed out by Lumsdale 
and Glaser (1960). Hawkridge (1976) notes that •Educators and 
psychologists were saying that the only machines which stood a chance 
of succeeding commercially were those which incorporated more than the 
written word, through using records, tape, or film.• The literature of 
the day talked of multi-media systems design, as well as behavioral 
objectives. 

Computer-assisted instruction (CAI) was slowly gaining supporters. 
During the mid-1960's, for example, most engineering colleges had only 
central, batch operated computers available, and, in many locations, 
the selection of equipment and its operation was in the hands of 
administrative data processors. In a benchmark publication (Buchnell 
and Allen, 1967), the role of computers in higher education was 
assessed and directions for the future were outlined: 

Some assume (correctly) that the production of 
time-sharing programs can be quite expensive, and on the 
other hand, some assume (incorrectly) that time-sharing 
systems are available as off-the-shelf items. Someday 
they may be, and a few, such as those of General Electric, 
almost are. Indeed, most major computer systems 
eventually will be delivered with at least the framework 
for a time-shared system, but we should not be overly 
optimistic about the rapidity with which these can be put 
into operation. (Buchnell and Allen, 1967) 

Nonetheless, work to individualize instruction (CAI) was well 
underway. A review of the systems and projects (ibid., Chapter e, Karl 
L. Zinn) discusses the functions of CAI systems and catalogs 26 major 
projects then in progress. 

If computers in education attracted technical specialists and 
others who were often favorably disposed to the programmed learning 
approach, television did not. Films are the natural antecedent of 
instructional television (ITV), and many of the early practitioners 
came to ITV from film making. Not surprisingly, artistic values play a 
large role in the ITV research literature1 quality is often judged in 
the context of the audiovisual impact of the medium. Taking this a 
step farther, a well-respected producer of ITV programs argues that the 
printed material should take care of the cognitive aspects of learning 
and the ITV program should take care of the emotional aspects of the 
matter (R. Lundgren, Chapter I, in w. Schramm, 1972). Conversely, the 
•talking head• is synonymous with bad television, because, the argument 
goes, ITV should have the same stimulating impact that the learner has 
come to expect from commercial TV. While these attitudes are 
maintained to this day by an articulate group, ITV in engineering 
education takes many forms, ranging from inexpensive, candid classroom 
presentations to expensive British Broadcasting Company (BBC) 
documentaries. Engineering educators seem not to be influenced by the 
experimental research on ITV, perhaps because many of the so-called 
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experiments simply are gross comparisons of factual recall by students 
receiving ITV instruction with control groups of students receiving 
conventional classroom instruction. Often, this comparison reveals no 
significant differences even though the attitudes of the students may 
have been affected significantly. 

•In contrast to the hundreds of experimental comparisons of ITV 
with conventional classroom teaching reported in the literature, there 
are, at most, a few score of studies specifically on the content and 
strategies of ITV.• (Schranun, 1972) By enriching this data base with 
earlier studies of films, Schramm concludes •that the research on 
content variables comes down very strongly on two points which offer 
useful guidelines to anyone concerned with programming instructional 
television or film. One of these is simplicity of presentation1 the 
other, active participation by student in the learning experience.• 
(ibid.) Appendix A reproduces more conclusions from Schramm's study 
which should be of interest to engineering educators. These 
conclusions provide a thoughtful antidote for the film maker's folklore. 

The introduction of instructional technology often occurs without 
an explicit statement of goals. More often than not, the rationale for 
a given approach in a university is determined either by a single 
professor or by a small faculty group, which may have multiple, 
unarticulated goals. At the local administrative level, when specific 
resources are available, the task is to select the policies, people, 
facilities, and equipment that will give the students the best and 
biggest education per buck. Educational technologists argue that the 
current ad hoc practices could be improved by a systems approach, which 
also often implies a team of specialists working in a closely 
coordinated fashion (e.g., Pask and Lewis, 19721 or, for research 
background, Merrill, 1971). Conceptually, the systems approach should 
be attractive to engineering educators. However, just as a creative 
engineering designer may proceed through the steps in a systems 
approach while directing a design project, though perhaps not 
sequentially, documentation often is sparse, particularly in smaller 
organizations. A systems specialist may not be available, yet the 
project is completed. Unfortunately, the engineering educator 
frequently fails in this respect also. Yet, there is no serious debate 
about the need for a conceptual framework or the desirability of 
documentation. The few exceptions in which documentation of a systems 
approach exists are worth noting1 these are drawn from widely differing 
approaches to engineering education (Rosenstein, 19681 Wales and 
Stager, 19721 Keller and Koen, 1976). 

Economics of ET 

The systems approach places appropriate emphasis on an explicit 
statement of instructional objectives and measurement of outcomes to 
determine whether these objectives have been met. In this context, 
policy-makers can view the introduction of technology in economic terms. 

Unfortunately, when technology is externally imposed, instructors 
often fear •automation• of the educational process and interpret this 
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in the coldest possible terms, i.e., operational cost savings by 
replacing teachers with machines which require only a capital 
investment (Starke, 1972). There are, of course, many other 
economically attractive ways to employ technology, but, since these are 
often poorly understood by administrators and faculty alike, the 
economic concepts involved remain largely abstractions. 

Productivity is a concept related to the amount of output one gets 
from inputs to a production process (Melmed, 1973 and Haggerty, 1974). 
Few educators are satisfied with student-credit-hours as the sole 
output measure for higher education, and rightfully so, because 
credit-hour production totally lacks a measure of quality. While we 
appear •stuck• with this proxy in national or macro-economic studies, 
at the course or curriculum level, better productivity measures are 
possible. Indeed, it is hard to deny that cost allocations on the 
input side have reached some degree of sophistication in higher 
education. 

An excellent example of productivity studies which demonstrate the 
power of the concept and the variety of relationships which can be 
described in tangible terms is the work of Willey (1975) on 
instructional computing. Appendix B reproduces these case studies. 
Productivity is a promising framework for judging the effectiveness of 
instructional technology. It places a burden on academe to document 
activity, but it offers an accountability measure understood by 
policy-makers, or at least their staffs. Educators surely should be 
interested in the examples that demonstrate that, although computing 
increased rather than decreased the current costs of instruction, 
outputs could be identified which justified the additional inputs. 

While it is tempting, the argument that these ideas can be readily 
extended to show that the input combinations chosen for a task are the 
minimum cost choice, or that we know how to design the most efficient 
educational program is premature (Jamison, et al., 1974). The dilemma 
posed by no significant differenc~ in outcome between traditional 
classroom instruction and various forms of instructional technology is 
that any search for the most efficient mix of instructional methods 
surely will be in the direction of the least expensive formats. Yet, 
few of us would want to endure a regular diet of large lecture courses, 
perhaps interspersed with inexpensive ITV or PSI. Schramm (1977) 
examines the issues associated with the selection and blending of 
instructional technologies in depth, and, while he offers no easy 
answers, he does offer sound advice to decision-makers at all levels. 

Instructional Goals for ET 

In the conviction that technology can make education more 
productive, individual, and powerful, make learning more 
i111Dediate, give instruction more scientific base, and make 
access to education more equal, the Commission concludes 
that the nation should increase its investment in 
instructional technology, thereby upgrading the quality of 
education, and, ultimately, the quality of individuals' 
lives and of society generally. 
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Our study has shown that one-shot injections of a single 
technological medium are ineffective. At best they offer 
only optional •enrichment.• Technology, we believe, can 
carry out its full potential for education only insofar as 
educators embrace instructional technology as a system and 
integrate a range of human and nonhuman resources into the 
total educational process. (Tickton, 1970) 

A short list of the most common instructional goals for ET in 
engineering education follows: 

• To reduce or contain costs (replace teachers and/or 
administrators)1 

• To enrich, improve, and individualize instruction1 and 
• To serve the unserved or enlarge coverage. 

These are not mutally exclusive, of course, and the list might be 
expanded. The list does indicate, however, the most important 
objectives for modern technological methods in engineering education. 

The balance of this brief report will focus primarily on 
television. In part, the backgrounds of the authors dictate this, but 
the outcome should not be distorted. The role of computers and 
computing in education is much better documented in the literature, no 
doubt because the investment required is massive in comparison to that 
for television. Furthermore, the videodisc, which stimulates much of 
the current interest in ET, is exciting because it may offer a hybrid 
of these media at an affordable cost. 
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II. 
VIDEO-BASED INSTRtX:TION 

In 1966, an equipment breakthrough occurred in video recorders. 
Ampex introduced a one-inch videotape recorder/player for about 
$3,000. The unit delivered good quality displays if properly 
maintained, though the early machines were only about 80 to 90 percent 
reliable. Redundance overcame this problem because the price was 
right. Indeed, the only good quality black-and-white video recorders 
available prior to this model were priced at $50,000 to $100,000. 
Several Japanese manufacturers introduced one-half-inch tape recorders 
in 1967, and, after a brief period, settled on a standard format 
(EIAJ). These compatible machines sold for about $800, and, like the 
earlier one-inch tape machines, they required careful maintenance. 
Sony Corporation introduced a three-quarter-inch videocassette in 
1970, inducing other manufacturers to promote compatible units, indeed 
almost identical machines. Tape handling, head wear, and other 
maintenance problems were greatly reduced in these units which now 
sell for $1,000 to $1,500. The fidelity of the recordings and the 
flexibility provided to the user are both excellent. The most recent 
recorder to be marketed is targeted for consumer/home use. The 
one-half-inch cassette units come in two formats, Beta and VHS (the 
Philips unit is still another)J these were first widely offered in 
1977 by at least eight manufacturers within a price range of $800 to 
$1,200. Unfortunately, the two formats are not compatible, and, since 
various tape speeds are employed as well, this product offers 
potential problems to the user unless local standardization is 
enforced. 

A block diagram of the major components of an instructional 
television system (I'lV) is shown in Figure 1. The reproducer/playback 
units are now a part of many systems because of the improved 
cost/performance cited above. As Figure 1 indicates, a variety of 
over-the-air systems is employed today by engineering educators. 
Standard public broadcast facilities for educational television are 
available on a limited basis in several state-wide systems. 
Instructional television fixed service (ITFS) is specifically 
designated by the Federal Communications Commission (FCC) for I'lV 
applications. Operating at a frequency of 2.5 gigahertz, ITFS has 
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FIGURE 1 Instructional television systems. 

4 megahertz bandwidth with up to 40 broadcast channels set aside. In 
1980, however, the FCC proposes to lower this allocation. These 
systems are quite reliable and operate over a 30- to 40-mile radiusr 
two to four channel capacity systems start at $500,000. 
Point-to-point microwave systems operating at 12 gigahertz are 
employed by a few systems with retransmission installations every 15 
to 20 miles along a highly directional beam. At least one university 
system employs cable television delivery (CATV) off campus, and CATV 
is a common on-campus technology (Ward, 1974). There is no routine 
use of satellite transmission at this time in engineering education, 
though some experiments and planning efforts have been carried out, as 
is discussed later. 

As long as it is used in the broadcast mode, television 
is limited to real time reception. When recording 
techniques were developed and extended to the storage and 
playback of color images, however, the requirement for 
simultaneous sending and receiving gave way to the 
possibility of allowing each function to be performed 
independently. The addition of time independence to 
distance viewing has alleviated a major hurdle to the use 
of television by educators. (Miller and Baldwin, 1975) 

The choice of a delivery system without talkback in a given region 
around a university for minimum cost follows these general guidelines: 
widely scattered, small class sections tend to favor videotape, small 
classes concentrated in a geographic radius of 30 to 40 miles tend to 
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favor ITFS, if channel capacity is availabler and large installations, 
over SO miles distant, tend to favor either point-to-point microwave 
or videotape depending on frequency of use (Loomis and Brandt, 1973). 
Yet, there are numerous exceptions in practice, and, as the specific 
examples cited below illustrate, there are good reasons for these 
exceptions. 

Applications to Engineering Education On Campus 

Instructional television on campus may substitute for a live 
lecturer or provide review and remedial study opportunities. 
Videotape provides the schedule flexibility needed to support 
self-paced instruction in the classroom, as well as in laboratory 
orientation. ITV has several applications in design courses. 
Finally, students report improved skills in oral presentations and job 
interviewing techniques when given the opportunity to view videotape 
replays. 

Lectures/Presentations 

The use of television on campus often takes the form of lectures and 
presentations. Some examples will illustrate the wide diversity of 
on-campus applications. 

Regular Classes: Pennsylvania State university pioneered the use 
of ITV on campus starting in the mid-19SO's with CATV to classrooms 
and dormitories. c. R. Carpenter (1958) reported on these early 
efforts. Here and elsewhere in the early trials, ITV often was used 
to present entire lectures in a traditional course. No significant 
differences in learning were reported initially in these studies. 
However, the students did gain great flexibility in selecting the time 
and place for viewing the lectures. Lecture preparation and 
videotaping took place in a university TV studio1 however, production 
conditions were usually spartan. 

In 1971, the Rochester Institute of Technology (RIT) produced a 
sophomore course in engineering mechanics (Statics) in its TV 
studios. The 45-minute lectures, the coordinated textbook, and the 
student workbooks were developed by two RIT faculty in a team teaching 
approach. The four-credit course employed three ITV lectures a week 
viewed without proctors from a campus CATV system in small classrooms 
or dormitories on a very flexible schedule. Cassettes also were filed 
in the library for individual viewing. The two faculty members met 
with small groups of students in recitation/problem sessions once a 
week for two hours as a live supplement to the taped lectures. The 
performance of the students on examinations was unchanged compared to 
the previous history of conventional instruction in this course. The 
department personnel believed the course design and coordinated 
materials to be superior to those employed prior to 1971. Because the 
two faculty members were freed from lecturing, they were able to teach 
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more students and to answer questions on a more individual basis than 
had been the case in the conventional program. over the four-year 
experimental period, the costs of initial production plus recitations 
was lower than the traditional alternative. Nevertheless, the course 
reverted to a traditional classroom format in 1976 because many 
sophomores objected to the use of ITV. More than half did not attend 
the lectures during the last year of the program1 rather, they relied 
on the printed materials and recitiation periods (Kenyon, 1978). 

At Colorado State University (CSU), a similar test of ITV for the 
sophomore core course in electrical engineering drew strong criticism 
from the students in 1969. However, in this case •the tapes were, at 
best, plain. There was little use of visuals, there was no rehearsal, 
there was no director, and there was little effort given to making 
tapes of professional broadcast quality.• (Neidt, 1970) Student 
performance was assessed, of course, but no control group was 
maintained for comparison. The course also employed a new, more 
mathematical approach so that no meaningful comparisons with the 
performance of students during previous years could be made. In 1970, 
the course reverted to traditional instruction, using another textbook. 

The attitude of undergraduates toward ITV' lectures is frequently 
unenthusiastic despite the fact that learning is not impaired and, in 
some cases, is enhanced. One of the most sustained efforts on record 
is the use of ITV for a first year course in accounting at CSU. The 
objectives stated for this course in 1964 were to: 

• 
• 

• 
• 
• 
• 
• 

• 

Combat the shortage of qualified instructors1 
Bring the instruction of seasoned teachers to large numbers of 
students through the use of television1 
Standardize the content of elementary accounting courses1 
Provide uniform instruction, testing, and grading1 
Keep classes relatively small; 
Persuade graduate students to become teachers1 
Permit staff members to experiment with new ideas and 
conununication methods1 and 
Maintain or improve instructional quality at reduced cost • 
(Mc:Cosh, 1970) 

After some experimentation, the course has been refined. 
Approximately 40 percent of the course now comprises taped lectures 
that last from 20 to 30 minutes each. The lectures are produced in a 
studio, and selected portions are redone annually to ensure that the 
material is up to date. The visual content, e.g., the use of 
highlights and color for emphasis, is excellent in the current 
series. Graduate teaching assistants proctor the CATV-delivered 
lectures in classes of approximately 30 students each1 the assistant 
serves as a tutor for the remainder of each SO-minute period. A 
printed study guide, which incorporates the lecture visuals, 
supplements the textbook. For 14 years, this method has been employed 
for all students in beginning accounting. CSU students who receive 
this training score well on the norm-referenced Achievement Test, 
Level I, of the American Institute of Certified Public Accountants. 

Educational Technology in Engineering

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/19644


17 

over 100 universities, including some of the best, participate in this 
national examination1 the mean grade of CSU students is consistently 
in the top 25th percentile. Yet, a common student complaint is that 
•the presentations are somewhat dry and boring.• 

A survey of 135 departments of accounting in 1973 showed that: 95 
had never tried ITV1 15 had tried it but dropped it1 and 10 planned to 
use At but had no previous experience. Only 15 were using ITV, had 
never abandoned its use, and were planning to continue using it. Some 
of the impediments cited by the respondents were: 

• 
• 

• 
• 

Students complained that ITV was too impersonal1 
Faculty argued that ITV, as compared to traditional methods, 
often did not appear to improve learning (the CSU example is 
contrary to the findings reported in the general literature 
where no significant difference in outcome is often found)1 
Administrators argued lack of facilities and equipment1 and 
Faculty incentives were often lacking, e.g., no publication 
credit for ITV production, and no release time to prepare the 
ITV lectures. (McCosh, 1978) 

This list of impediments illustrates an important feature of ITV 
in universities today. Well documented courses covering standard 
material are not generally exchanged among universities. The implicit 
assumption is that each school will develop its own courses, though 
most producers presumably could arrange for the lease or sale of 
materials if requested. Lauer (1978) publishes ~Catalog which 
lists 550 ITV courses in an effort to stimulate wider use of available 
materials. 

Students react far more favorably when they elect to take an ITV 
course. Sanford B. Thayer developed 10 half-hour lectures on 
engineering economy which wer~ studio-produced in color at csu. A 
260-page study guide for the course was prepared to complement a 
nationally popular text book1 it included all of the visuals from the 
lecture, as well as problem sets with solutions. In 1975, 18 of 72 
seniors enrolled on campus chose to take the two-semester course by 
individual study using the ITV materials. On the three examinations 
given during the semester, the regular class, which was devoting 30 
class hours to the course, scored slightly higher than the ITV 
students. However, the magnitude of the difference reached the o.os 
level of significance on the second test only. •It would appear the 
video class learned nearly as much as the regular class. The video 
class members spent less time on the course than the regular class and 
also were able to work on it at their convenience. Considering these 
trade-offs, the videopublished version compares quite favorably with 
the regular class.• (Sjogren, et al., 1976) 

Prom the economic point of view, the ITV picture is bright. With 
the variety of available approaches to course production and delivery, 
it is rather easy to present ITV lectures on campus for $1.00 to $3.00 
per student-contact-hour (Bayman and Levin, 1973). For the 
introductory accounting course cited above, the lectures cost about 
$1.17 per student-contact-hour. 
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Consider an extreme, hypothetical case. A department could 
purchase the Thayer engineering economy tapes for $2,485. A 
videoplayer, color monitor, and cart may cost $1,700. If the 
department serves only 200 students during the life of this equipment, 
this coursework (10 half-hour classes) will cost $4.00 per 
student-contact-hour. (As is customary in higher education, the 
interest cost of having money invested in capital equipment is 
neglected in this calculation. If added, the capital equipment base 
price would increase by approximately 15 percent. Neglecting 
interest, of course, favors ET over traditional methods.) Very few 
engineering colleges can teach senior level courses in the traditional 
way for less than this amount. When more realistic usage of the 
playback equipment is assumed, the cost of the transmission, delivery, 
and reception portion of the ITV system quickly becomes negligible. 
Conservatively, the portable unit described above could cost less than 
$0.10 per student-contact-hour. In other words, as a first 
approximation, the cost of ITV on campus can be estimated solely on 
the amortization of the courseware or cassette. This principle is not 
new1 it has been applied to educational films for years. 

An ITV lecture replayed in a classroom may not be the most 
attractive application of this technology, except from the point of 
view of reducing costs. ITV has some unique features that permit a 
variety of interesting applications as the remainder of the examples 
illustrates. 

Lecture Review: The transition from high school to university 
study is difficult for many students. The failure rate for ethnic 
minority freshmen in some engineering colleges is alarmingly high. 
The Massachusetts Institute of Technology (MIT) has employed tutored 
videotaped instruction (TVI) to address this problem with excellent 
results. The objectives of the MIT program are: 1) to offer academic 
support to a selected group of first year minority students in Physics 
8.021 2) to measure the effectiveness of tutored videotape instruction 
(TVI) as a secondary pedagogical aid1 and 3) to determine the 
transferability to subjects similar to Physics 8.02. Some freshmen 
were invited to attend both regular lectures and TVI sessions, which 
lasted two hours each and were held on the same day as the formal 
lecture. Professor Wesley L. Harris, Sr., reports: 

The concept of instruction of students in the presence of 
a tutor from videotapes of formal lectures is 
revolutionary at the very least. From the observation of 
students immersed in this form of instruction, I feel that 
this format has great potential. It may actually prove 
more effective than the traditional lecture/recitation 
format if given the proper opportunity. From the comments 
I have heard the students make, the ability to stop a 
lecture when there is a question in one's mind is far 
superior to the formal lecture •••• the personal contact 
between students and tutor is much more effective than 
receiving instruction from an impersonal lecturer. In 
other words, learning from someone you know is much easier 
than learning from a stranger. (Salloway, 1978) 
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None of the ten students who participated in TVI received a failing 
grade, but 25 percent of the minority students who did not participate 
did receive failing grades. 

Videotapes of classroom lectures are used by individual students in 
a wide variety of settings. The objective often is to provide either a 
review or remedial opportunities. Direct access to the tapes and 
playback units may be provided in individual study carrels in the 
library or in special study areas. Case Western Reserve university, 
CSU and MIT employ CATV to dormitories to deliver videotaped lectures 
which supplement lectures in certain core courses. CSU found that only 
about 25 percent of its freshmen reported using the system, though it 
is wired into every room. Live tutors at the dormitory in the evening, 
on the other hand, drew an 80 percent response. Freshmen cited lack of 
time as a major deterrent. Faculty did not encourage use of the CATV 
by integrating the taped lectures into the course requirements, nor did 
they actively discourage its use (Britton and Schweizer, 1974). MIT 
has some live recitation periods in its campus system with professors 
answering telephone questions. 

Worcester Polytechnic Institute encourages individual study by 
using ITV in a number of ways. Although a relatively small school, 
Worcester Polytechnic has 75 to 100 students who use 25 carrels daily 
to receive supplemental instruction. The videotapes are usually direct 
and are considered to be almost a visual memoranda by the faculty to 
students who need additional explanations, data for a problem 
assignment, or instruction on laboratory procedures (Scott, et al., 
1974). 

Special ITV classrooms decribed later under off-campus programs 
operate on about 30 campuses today. Several schools report that campus 
students are increasingly requesting an opportunity to view tapes made 
of senior and graduate level lectures. The reasons most often given 
for the replay requests are to make up missed lectures and to review 
material. 

Summer Session Classes: Summer session presents an annual problem 
in some engineering colleges due to unpredictable or small 
enrollments. CSU has resorted to making videotapes in special 
video-equipped classrooms of several freshmen and sophomore core 
courses while these are being taught during th~ regular academic year. 
The courses are announced in the summer bulletin as programs guaranteed 
to be offered regardless of enrollment. If enrollments exceed a stated 
minimum, usually 15 to 20, then the instructor may teach the class in 
the traditional manner if the class prefers (always) and receive full 
salary coverage. When the enrollment fails to reach the minimum, the 
faculty member meets with the class weekly for a two-hour recitation 
period for half salary and relies on the tapes which he made earlier in 
the year for the lecture sessions. Students accept this procedure as a 
good alternative to cancelling courses due to low enrollments. By 
agreement with the faculty, the tapes are erased at the end of each 
summer period. The practice of erasing tapes made in the candid 
classroom mode is universal. On the one hand, faculty do not want the 
lectures stored for long periods1 on the other hand, a very massive 
tape inventory otherwise would be required. 
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Classroom Demonstrations: Distance seeing (television) is a unique 
characteristic that is well suited to instruction in engineering 
graphics. At Iowa State University, the instructor lectures and 
demonstrates from a drafting table in direct view of the students. His 
drafting table has an overhead television camera with controls 
alongside the table. Each pair of students at a drafting table views 
an 11-inch TV monitor. In this way, the instructor can face the 
students while they have a direct, over-the-shoulder view of his 
illustrations and technique. This drafting room table system has been 
modified to include a video-cassette player input, making possible the 
use of modular, studio produced, color instruction by videotape. With 
this system, instructor time can be devoted to tutorial interactions 
rather than to presenting lectures (Eide, 19711 1974). Biology and 
medical educators have used the unique viewing capability of ITV in a 
similar manner with great success. 

Self-Paced Instruction 

Pedagogy which requires self-pacing of study can be mediated using 
ITV. Perhaps the most popular version is the personalized system of 
instruction (PSI). The features are: 

• The go-at-your-own-pace feature, which permits a student to 
move through the course at a speed commensurate with his/her 
ability and other demands upon his/her timer 

• The unit-perfection requirement for advance, which lets the 
student go ahead to new material only after demonstrating 
mastery of that which precededr 

• The uses of lectures and demonstrations as vehicles of 
motivation, rather than sources of critical information, 

• The related stress upon the written word in teacher-student 
communicationr and, finally, 

• The use of proctors, which permits repeated testing, immediate 
scoring, almost unavoidable tutoring, and a marked enhancement 
of the personal-social aspect of the educational process. 
(Stice, ed., 1971) 

Figure 2 outlines PSIJ each unit forms a set of activities along 
the lines shown. Traditionally, the instructional media is print. A 
typical unit contains a reading assignment, study questions, collateral 
references, study problems, and any necessary introductory and 
explanatory material. 

Role of ITV: Opportunities exist for non-print media, as well 
(Keller and Koen, 1976). For example, the pre-calculus mathematics 
course at CSU employs ITV. The decision to use ITV was based on the 
observation that many students learn mathematical operations by 
watching a teacher do problems. 
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FIGURE 2 Keller's personalized system of 
instruction (PSI). 

An instructional system developed specifically for the 
pre-calculus program at CSU enrolls more than 5,000 
students each fall semester. This system incorporates the 
mastery-learning, self-paced features of PSI, but avoids 
the high cost, labor intensity of PSI. Individual 
examinations, under this system, are scored by a computer 
rather than by a tutor. Immediate feedback is still 
provided to the student, however, by printing detailed 
solutions to the exams in advance and giving them to each 
student as he/she leaves the testing room. 

PSI-like study guides (known locally as •survival 
Manuals•) are sold through the bookstore. Individual 
tutoring is available on a walk-in basis throughout the 
day in the Mathematics Learning Center. 

In this system, the content of the usual college 
pre-calculus has been divided into eight one-credit 
courses. Thia arrangement, coupled with a testing program 
for all entering students, makes it possible to 
accommodate students entering with different levels of 
preparation as well as to tailor individual programs for 
students pursuing non-engineering, as well as engineering 
majors who are making up deficiencies. 

A variety of learning styles as well as learning rates are 
also provided for by making available several learning 
resources which students can use in any combination of 
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their choice. The resources available include •1ive• 
lectures, printed materials, individual tutoring, and now, 
for the first time, video tapes. The effect of 
introducing these video tapes remains to be seen, but we 
are expecting it to reduce the demand for expensive •1ive" 
lectures while providing more flexibility of schedule for 
students learning a self-paced mode. (Brumley, 1978) 

The economics of PSI are similar to university ITV in that the cost 
of courseware preparation dominates. Delivery costs ~ the university 
can be relatively small. However, a course which requires the purchase 
of two or three textbooks is not inexpensive for the college student 
today. 

Books as ET: Books are by far the most widely adopted form of 
educational technology. Traditional instruction and PSI rely heavily 
on printed material for instruction, and the university has been the 
classical seat of creation of textbooks. For many years, books have 
been a consumer product. Calculations of the relative cost of 
media-based instruction often use as a benchmark cost estimates for 
traditional instruction which include the cost of the required books. 
Books are no longer negligible items. In fact, today, the books needed 
to support 450 contact hours of traditional engineering instruction 
often cost $150 to $200 per academic year. Of course, the student may 
lower this by reselling books and/or by purchasing used books. The 
important point, however, is that apparently all the normal economic 
advantages of scale have been exhausted in this area. Book costs are 
showing a steady increase over time as indicated by the data in Figure 
3 which were taken from Publishers Weekly and plotted by Hayman and 
Levin (1973). In considering the economics of all types of ET, the 
cost of books is a crucial factor. 

In Appendix c, the conunents of c. G. Bowen (1974) are given. He 
provides an enjoyable discussion of books as the first educational 
technology. 

Laboratory Courses 

Media can be used in laboratory courses in a variety of ways. 
Students' performance on report writing and presentations can be 
improved through audio and video recordings. Basic instruction in the 
use of laboratory equipment can be standardized and streamlined. In 
addition, the unique capabilities of certain ET's enable close viewing 
of microscopic experiments as well as simulations of experiments, 
machinery, and processes that cannot be duplicated on today's campuses. 

Report Writing and Presentations: Written reports and oral 
presentations by students are important parts of many engineering 
laboratory courses. A number of educators have successfully employed 
media to improve performance. J. P. Holman (1977) and his colleagues 
at Southern Methodist University require students to submit a blank 
audio cassette with each laboratory report. The instructor uses the 

Educational Technology in Engineering

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/19644


x 
w 
c 

3.0 

2.5 

z 2.0 

In 
8 

1.5 

23 

Textbook Cost Index for 1952 = 1.0 

Elementary 

High School - -

Collage ----

1.0 _:;;...... _____ __... _______ ...._ ______ __ 

1952 1957 1962 1967 

CALENDAR YEAR 

SOURCE: Hayman and Lavin, 1973. 

FIGURE 3 Textbook cost trend. 

audio cassette to record comments which are keyed on the student's 
written report by red penciled numbers and underlined passages. Voice 
tone adds a fresh dimension to the tutoring. Of even more importance, 
the relative speed of speaking versus writing makes the task less time 
consuming and more complete. This is a very effective technique, since 
virtually all students either own or have easy access to a cassette 
player. 

Several colleges employ video equipped classrooms or portapaks 
(one-half-inch EIAJ recorders with inexpensive cameras) to record 
student presentations (Barile, et al., 1977). Some call this 
microteaching (Perlberg and O'Bryant, 1970). Regardless of the 
nomenclature, the opportunity to view one's own presentation by replay 
and to be coached by peers and teachers on needed improvements is 
valuable. Taken a step further, some students, given the opportunity, 
become interested in television as an art form and experiment with a 
wide variety of independent productions through clubs (Salloway, 
1978). Just as students who produce the college magazine usually 
become better writers, students who experiment with readily available 
and inexpensive TV equipment ~sually become proficient in the medium. 
At CSU, the atmospheric science students did the local weather and ski 
reports on the dormitory CATV. These popular programs included 
illustrated (graphics and films) mini-lectures on the physical 
phenomena associated with the weather changes that were predicted to 
occur. 
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F.quipment Instruction: 

Before starting a laboratory experiment in a first year 
chemistry course at the University of Illinois, Chicago 
Circle, the entire class will view a color video-cassette 
that explains the purpose of the experiment and the 
procedure to be followed, and presents appropriate 
comments or warnings. These tapes, used for each 
experiment, are considered an essential part of the 
laboratory instruction. (Miller and Baldwin, 1975) 

The example cited above is representative. Today, many 
universities are using ITV in many ways to supplement laboratory 
instruction by providing essential information on the use of 
laboratory instruments. Unfortunately, these efforts are rarely 
documented or shared. 

Close Viewing: The unique ability of ITV for close viewing is 
well demonstrated by another laboratory example. Students at Iowa 
State University learn the electron microscopy of inorganic materia1s 
with the aid of a closed circuit television system. The TV camera is 
mounted where the light binoculars customarily are located, and it is 
aimed at the fluorescent screen. Demonstrations of the microscope 
operation are performed for groups of students, rather than for one or 
two as usually is required. Thus, the instructor is able to maintain 
contact with each student. Rosauer (1970) gives more details about 
demonstrations that are particularly effective. 

In another laboratory application, a video camera is used 
to obtain data from one or more instruments during the 
progress of an experiment. With several monitors, if 
necessary, a large class of students can easily see the 
instruments, take readings at critical points, and use 
the data so obtained to calculate results from the 
experiment. 

This technique is used at the University of Colorado to 
allow Civil Engineering students to observe the dials on 
the large machines that test the strength of materials. 
The dials are not conveniently located and, normally, 
would not be visible to more than two or three students 
at a time. (Miller and Baldwin, 1975) 

Simulations: Simulations of laboratory experiments also are 
possible. One of the most complete and popular set of materials was 
produced by the National Committee for Fluid Mechanics Films. Largely 
done in black and white during the 1960's, these films form a rather 
complete set of illustrated experiments on the fundamental phenomena of 
fluid motion. A paperback set of notes helps the students and faculty 
recall and interpret the sound films (Shapiro, et al., 1972). Numerous 
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film loops on single concepts have been edited from the longer films1 
all materials are distributed by the Encyclopedia Britannica 
Educational Corporation. To date, this series surely must be the most 
widely used set of engineering educational films. 

The methodology used to produce the series still serves as a model 
for ITV curricula development today. It involved broadly selected 
advisory conanittees, a principal author, and a trained film crew with 
experienced directors and editors. The work was carried out through 
the Educational Development Center, Newton, Massachusetts, with funds 
from the National Science Foundation and, to a lesser extent, the 
Office of Naval Research. To encourage professional recognition, ~ 
Journal of Fluid Mechanics regularly reviews new contributions to this 
film library. 

Many industrial machines and processes cannot be duplicated on 
campus. Nonetheless, educators may wish to expose students to certain 
aspects of current practice. Field trips to neighboring firms may 
help, but the local selection usually is narrowly limited. Films 
produced by educators through an organization patterned after the one 
described above could greatly enlarge such instructional 
opportunities. The films could involve not only industrial operations 
but also national government laboratories. Of course, it is essential 
that clearly stated instructional objectives be identified and that the 
TV or film production be directed by professionals. 

Design: Project Courses 

The senior design course is viewed by many educators as the 
capstone of the undergraduate experience. At least three approaches 
are employed: project courses (authentic involvement)1 case studies1 
and guided design. Koen (1976) discusses each method briefly and gives 
primary citations in the literature. ITV does not yet play a central 
role in any of these instructional techniques, but examples can be. 
cited to show its potential. 

Project courses are the most common design experience of students. 
Students learn the art of design by designing. A good insight into the 
various practices employed across the country is provided by the 
Proceedings of the Conference on Engineering Design Education entitled 
•Authentic Involvement in Interdisciplinary Design.• (Bulkeley, ed., 
1965) 

Projects play a central role in the innovative undergraduate 
program at worcester Polytechnic Institute. A self-paced, 
individualized approach is taken in the project activity with the 
extensive support of do-it-yourself videotapes. For example, the 
Projects Instrumentation and Measurements Experimental Learning 
Laboratory consists of a series of mediated modules specifically 
designed to support students in project activity. The lab is open to 
students of all disciplines who come to obtain information, and, 
ultimately, select the method and instruments consistent with their 
project goal (Scott, 1978). 
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In some projects which have a high visual content, ITV can become 
an integral part of the student work. For example, faculty and 
students of the Department of Urban Studies and Planning at MIT 
prepared a 16-minute videotape documentary on •copley Square,• a 
planned development of shopping facilities, convention hotel, and 
parking (Salloway, 1978). The documentary examined a controversy 
surrounding a demand issued by conununity groups that the developer, a 
Chicago firm, build low-income housing as part of their Copley Square 
Air Rights proposal. Salloway reports that •video brought unique 
capabilities to the group discussion process such as compression of 
time events, the ability to allow viewers to witness interactions and 
present relationships they were not likely to see.• The use of the 
tapes by people involved in the actual events led the MIT staff to 
conclude that •telecommunications can reverse the •trickle down' 
relationship in which citizens are on the receiving end of public 
policy outcomes. Visual productions like 'Copley Square' have the 
power to shape public debate and to create a platform for public 
consensus.• Once completed, the taped report was filed in the 
Laboratory of Architecture and Planning for later use by students. 

Design: Case Studies 

Case study is common in business and law education. Since 1964, a 
growing group of engineering educators has worked to make the case 
studies method a valuable part of engineering instruction (e.g., vesper 
and Adams, 19691 1971). Today, the headquarters of the American 
Society for Engineering Education (ASEE) publishes an annual catalog 
containing about 270 documented and reviewed cases which are available 
for a nominal charge. About 100 orders are filled annually. A total 
of 988 individual cases were distributed last year1 the most popular 
dozen cases were requested 10 to 14 times. Almost without exception, 
the cases are typed manuscripts which are reproduced on demand. Though 
protected by copyright, permission to copy cases locally is routinely 
given. 

Role of ITV: In a quite separate activity, the Open University of 
the United Kingdom has demonstrated how TV can add an important 
dimension to case studies. The Open university prepares coordinated 
sets of materials built primarily around a paperback textbook, but 
these are supplemented by both audiotapes and videotapes. Two 
excellent examples (from a rather short list of interest to engineers) 
are the courses on •systems Performance: Human Factors and Systems• and 
•systems Modelling.• Case studies, produced by the British 
Broadcasting Company (BBC) on audiotapes and videotapes, are 
interspersed throughout the course. Note that not only do the cases 
provide motivating interludes to consolidate learning, they also offer 
specific examples of both the applications and the limitations of 
theory. 

ITV offers the instructor an important complementary tool in the 
case study approach to engineering education, but the resources 
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required if ITV is to have a significant impact are not yet available. 
Indeed, the Open University material appears to be the only available 
in engineering education to date. 

Professional Ethics: Instruction in professional ethics for 
engineers is being encouraged anew. The u.s. accreditation society, 
Engineer's Council for Professional Development/Accreditation Board for 
Engineering and Technology (ECPD/ABET), devoted much of its 1977 Annual 
Meeting to this topic. Team teaching approaches, which usually involve 
philosophy and engineering instructors, are gaining favor. Much, much 
more needs to be done in this area1 it has been neglected for a decade. 

One powerful example from medical education is cited to illustrate 
the potential of media in instruction in professional ethics. •Who 
Should Survive• is a 26-minute film from the Joseph P. Kennedy, Jr. 
Foundation (Film Service, 999 Asylum Avenue, Hartford, Connecticut). 
The case described is an adaptation of an actual case that occurred at 
the Johns Hopkins Hospital1 the staff play their real life roles. A 
mongoloid child is born with an intestinal block which can be cured 
only by an operation. The parents do not want the burden of a retarded 
child and refuse to permit the operation. The surgeon and hospital do 
not challenge the decision in the courts. In 15 days, the infant 
dies. A panel of five persons (a mother, a physician, a priest, a law 
professor, and a sociology professor) discusses the ethical, legal, and 
scientific issues involved. The viewer is left with a set of 
provocative questions. Did this helpless infant have to die? Did the 
doctors and the hospital have to accede to the parents' refusal to 
permit a simple operation? Was there no appeal to higher authority? 
Who decides who should survive? The film is acclaimed as an 
outstanding instructional tool. A brief printed enclosure is provided 
to help stimulate and guide discussion1 it also provides a list of 
suggested readings. 

Engineers also face ethical dilemmas in complex situations that 
often involve human safety and well-being. Production of films 
presenting case studies similar to the one described above would be an 
excellent project for foundations to underwrite. The American Bar 
Association has a modest effort underway for lawyers (Hamblin, 1978). 
Although no comparable films exist on ethical issues in engineering 
practice, The American Society for Civil Engineers has begun 
circulating to student chapters an hour-and-a-half videotape which 
focuses on the procedures that society follows in reaching decisions on 
ethical complaints. Also, a clearinghouse for materials, such as 
course outlines and reading lists, has been established at Rensselaer 
Polytechnic Institute for instructors in professional ethics for 
engineers. In addition, the National Science Foundation's Science 
Education Directorate sponsors a very modest set of projects that are 
primarily aimed at documentation. 

Interviews/Career Guidance 

Engineering education usually neglects the rich human history of 
the profession. Young people today show more interest than their 
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recent predecessors in the values and personalities of engineers in 
practice. Florman's book, The Existential Pleasures of Engineering 
(1975), is a reflection of this concern. Television might play a 
unique role in bringing life to a curriculum overburdened with abstract 
analysis. 

The Bell Laboratories are now producing a documentary television 
series which they call •communications Milestones.• These are brief, 
informal visits with engineers and scientists who have made outstanding 
contributions. They describe the setting for their discovery, the work 
which led to the concept or invention, and the reaction of their peers 
and the profession in the United States and abroad. One of the most 
interesting features in each tape is the insight provided by the 
individual inventor about his own experience with the creative process 
(Feinstein, 1978). 

Business educators have created a clearinghouse to encourage the 
development and distribution of video documentaries with the support of 
a private foundation. The objective is to videotape interviews with 
contemporary business leaders in their areas of expertise. The 
material has many uses. For example, a workshop for educators was held 
in 1977 at CSU where the files are maintained. 

Ellison Smith (1974) discusses the use of 'rV and radio to assist 
engineering colleges in influencing high school students in making 
career decisions. Examples range from radio spots with popular disc 
jockeys to films aimed at minorities and women. 

John Truxal and Ludwig Braun created the National Coordinating 
Center for Curriculum Development at SONY-Stony Brook to increase the 
number of minority students who chose to study engineering. Working 
with young people in grades 9 through 12, they provide resource 
material to schools in Chicago, New York City, Atlanta, Rochester, 
Buffalo, and California (MESA Program). Films prepared by industry to 
interest minority students in engineering careers are proving to be 
effective motivational resources. The use of calculators and personal 
computers as a part of this program is described later in this report. 

The most popular films shown on the freshman dormitory CA'rV at CSU 
deal with career guidance. Many freshmen are uncertain about a 
specific major and the variety of work available upon graduation. 
Unfortunately, many of the films available from government agencies and 
technical societies are heroic rather than realistic in portraying the 
work of engineers. The ASEE Annual Meeting usually sponsors a •film 
fair• where these materials may be viewed and discussed. 

Applications to Engineering Education Off Campus 

Off-campus applications clearly surpass all other uses of I'rV in 
engineering education. Since the mid-1960's, over 30 major colleges of 
engineering have developed regional l'rV systems to deliver both 
graduate and continuing education to engineers at their job sites. 
Recently, 22 of these universities have formed a consortium to extend 
these services nationwide. Other examples of I'rV used to link colleges 
of engineering with junior colleges, high schools, and foreign 
universities show considerable promise but are rare. 
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Graduate Education 

The Goals of Engineering Education report in 1968 (Pettit and 
Hawkins, 1968) recognized the need for developing •on-campus study 
programs for employees of nearby industry and government laboratories,• 
as well as for continued experimentation in •extending high quality 
advanced-degree education to engineering students employed at locations 
remote from established campuses.• This recommendation has been widely 
supported in the engineering academic community, and it has been 
implemented primarily through the use of ITV systems. Early 
experiments with leased microwave links for an occasional class have 
evolved into large operational programs using a variety of dedicated 
delivery systems throughout the year. 

Table l lists the academic credit video-based engineering graduate 
programs by originating university and provides the following 
information: program starting date; delivery methodJ number of remote 
locations served; number of engineering courses1 total enrollments off 
campus1 and an indication of whether graduate business courses are 
offered in conjunction with engineering courses in the delivery 
system. These data were collected specifically for this paper; any 
omissions should be reported to the authors. 

The graduate courses are regularly scheduled on-campus offerings 
which are attended by full-time students. The classes are held in 
specially equipped studio classrooms so that not only the lectures but 
also the student questions and discussions are transmitted. To convert 
a regular classroom for video origination, together with the usual 
control equipment, costs from $25,000 to $35,000 (Miller and Baldwin, 
1975). 

Although the studio-classrooms are similar, a variety of signal 
delivery systems are employed to link the graduate students at job 
sites to the campus. The first major system, established in 1964 at 
the University of Florida, employed two-way, point-to-point microwave 
which was leased from the telephone company to link the main campus to 
several extension centers in central Florida. In 1969, Stanford 
University began serving in-plant classrooms in the San Francisco Bay 
Area with a four-channel instructional television fixed service (ITFS) 
system that featured FM-talkback capability. In 1967, CSU was the 
first to employ courier-carried videotape as a delivery system; tapes 
are returned, erased, and reused on a schedule. Today, most microwave 
and ITFS receiving sites are equipped with video recorders to store the 
instruction temporarily either for review or for making up missed 
classes. By scheduling occasional visits and regular office hours for 
telephone consultations, faculty employing videotape in regional 
systems have largely overcome the talkback disadvantage of videotape 
delivery. The convenience of decoupling the campus and part-time 
student schedules is, of course, a major advantage of videotape. Newer 
systems tend to employ combinations of delivery methods to fit the 
needs of specific geographic areas. 

A study of the I'l'V operations at Stanford, University of California 
at Davis, and CSU showed that the dominant cost in all three systems is 
administrative program management and technical manpower to run the 
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TABLE 1 
ACADFJUC CREDIT 

ENGINEERING GRADUATE PROGRAMS OFFERED OFF CAMPUS BY TELEVISION 
1979-80 

Delivery 
Method 

Remote 
Locations 

Total 
Courses 

Total 
Enrollments 

Graduate 
Business 
Courses 
Also Program (Starting Date) 

University of Rhode Island (1961) 
University of Florida (1964) 
Southern Methodist University-TAGER 
Colorado State University (1967) 
University of Tennessee (1967) 

Microwave Discontinued 1979 No 
Leased Microwave Program Ended in 1972 

(1967) Microwave + ITFS + Videotape 
Videotape 

16 75 1152 No 
37 76 900 Yes 

Videotape 16 55 568 Ceased 80-81 

University of Illinois/Urbana (1967) 
University of Colorado (1968) 
Stanford University (1969) 
ACE at Stanford (1969) 
Iowa State University (1969) 

University of South Carolina (1969) 
MIT (1969) 
University of Kentucky (1969) 
University of Michigan (1970) 
University of California at Davis (1970) 

Blackboard by Wire 
Videotape + ITFS 
ITFS + Videotape 
ITFS + Videotape 
Videotape 

ITV + Videotape 
Videotape 
Film + Videotape 
Leased Microwave + ITFS 
Microwave + Videotape 

4 
14 
45 
36 
15 

33 

11 
3 

Microwave + Videotape 15 Purdue University (1970) 
University of Wisconsin (1970) 
University of Minnesota (1971) 

ETV+Videotape+Electrowriter+Telephone Network NA 

Rochester Institute of Technology (1971) 
Oklahoma State System (1972) 

Microwave + ITFS + Videotape 17 
Videotape 
Microwave & ITFS NA 

22 
15 

149 
10 
34 

51 

140 
152 

2373 
448 
275 

2385 
Only Non-Credit Courses Offered 
Only Non-Credit Courses Offered 

46 311 
47 320 

12 166 
NA 7 
55 909 

NA NA 

University of Maine (1972) Live Video, Audio Return Not Currently Operating 
Case Western Reserve (1972) Videotape 50 41 326 
University of Southern California (1972) ITFS 27 92 785 
University of Arizona (1972) Videotape + Microwave(Out) + Slow Scan (Return) 20 47 97 
University of Pennsylvania (1972) ITFS Not Currently Operating 

Cornell University (1973) Videotape 
University of California/Santa Barbara (1974) Microwave + Videotape 2 23 95 
University of California/Berkeley (1974) Microwave + Videotape 6 30 
University of Idaho (1975) Videotape 130 32 332 
University of Massachusetts (1975) Videotape 128 26 154 

Illinois Institute of Technology (1976) ITFS 18 114 780 
North Carolina State University (1976) Videotape 12 14 220 
Georgia Institute of Technology (1978) Videotape 10 18 105 
Polytechnic Institute of New York (1978) Videotape 
Worcester Polytechnic Institute Videotape - In Planning 

University of Maryland Beginning 1980-81 
Auburn University In Planning 

No 
No 
No 
Yes 
Yes 

Yes 

Yes 
No 

No 
No 
No 
No 
Yes 

Yes 
No 
Yes 

No 
No 
Yes 
No 

Yes 
No 
Yes 

Yes 

w 
0 
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video technology (Loomis and Brandt, 1973). This factor accounts for 
$20 to $30 of a •total• cost of $30 to $50 per TV classroom-lecture­
hour. Furthermore, another $4 to $7 per TV classroom-lecture-hour is 
required to outfit the TV classroom regardless of delivery mode. Audio 
talkback, if used, is surprisingly expensive, perhaps $1 to $7 per TV 
classroom-lecture-hour. In the total cost cited above, no provision to 
pay the instructor is included, the argument being that the instructor 
is simply adding off-campus students to a regularly scheduled class. 
Even with this drastic assumption of cost allocation, only one 
university (Stanford) has demonstrated full recovery of the incremental 
costs of its television delivery system (Morris, !.l al., 1974). It is 
important to note, however, that virtually all tuition and other direct 
charges are paid by the employer in every system. 

It should be no surprise that regular campus classes appeal 
primarily to the young engineering employees. Several universities 
listed in Table l report that only 5 to 15 percent of the off-campus 
course enrollees for credit are engineers over 35 years of age 
(Schmaling, 1974). Often, about a third of the participants in these 
credit programs are pursuing a program of study leading to a M.S. 
degree. The cumulative degrees awarded to date to I'l'V students at 
their job sites is summarized in Table 2. 

Federal government grants were not a significant factor in the 
development of any of the systems listed in Table 1. User 
subscriptions to a capital fund, private foundation donations, and 
state and university funds built the systems. The engineering outreach 
programs are a local, grassroots response to a professional need. 

The ITV programs are very effective and popular with the mature, 
goal-oriented engineers who elect to participate. Convenience is often 
cited as motivating factor: •time saved in travel to class•, •only way 
available•, •can make up classes missed while on business trave1•1 
•fits my work schedule• (Neidt and Baldwin, 19701 Stutzman and Grigsby, 
1973J Down, 1976). The average performance of off-campus students is 
usually quite close to that of the on-campus students when comparable 
admission criteria are employed. R. M. Anderson, Jr. reports on 
evaluations of 1,500 students enrolled in 60 I'l'V courses at Purdue 
University using a variety of delivery modes both on and off campus: 

The data indicate that students do learn by televised 
instruction, that students prefer 'l'V-with-audio-talkback 
over videotaped instruction, and that students prefer live 
instruction to either kind of televised instruction. 
(Anderson, 1978) 

The results above pool both on-campus and off-campus student attitudes. 

Rogers (1978) compares the broadcast mode with videotape delivery 
based on the experience at Case Western Reserve University. He 
concludes: 

While each case must be decided on its own merits, our 
member companies have opted for videotape, largely on the 
basis of its scheduling convenience and flexibility. 
(Rogers, 1978) 
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TABLE 2 
GRADUATE PROGRAMS OFFERED OFF CAMPUS BY TELEVISION 

MS Engineering/MBA Degrees Awarded to Date 

University of Rhode Island 
University of Florida 
Southern Methodist University-TAGER 
Colorado State University 
University of Tennessee 

University of Illinois/Urbana 
University of Colorado 
Stanford University 
ACE at Stanford 
Iowa State University 

University of South Carolina 
University of Michigan 
University of California at Davis 
Purdue University 
University of California/Santa Barbara 

University of Minnesota 
Oklahoma State System 
Rochester Institute of Technology 
Case Western Reserve University 
University of Southern California 

University of Arizona 
Cornell University 
University of Idaho 
University of Massachusetts 

NA 
253 
331 
165 
114 

NA 
2 

245 
170 

10 

375 
160 
50 

183 
82 

55 
NA 
51 
40 

525 

11 
4 

10 
1 

(11/80) 

Gibbons, ~al. (1977) report on the use of videotaped instruction 
which is supported by local tutors drawn from the engineering staff of 
the industrial sponsor. Data are presented that show that the 
part-time students in industry can significantly out-perform campus 
students with comparable academic records in the same course. 

Very little systematic research has been undertaken to determine 
the relative importance of various courseware and environmental 
variables in the video-based instruction of adult professionals. The 
operating systems are large enough and sufficiently dispersed to enable 
statistical studies to be designed, but external funds and specialists 
not now involved in these operations are necessary to undertake such 
work. Moreover, the operating systems themselves could not support 
such studies from existing revenues. 

The ITV' invasion of the job site has benefited not only the 
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participating students, but it also has benefited the engineering 
faculty who find regular interaction with the industrial students 
stimulating and professionally rewarding. Figure 4 shows the steady 
growth of these off-campus graduate and continuing education programs 
nationally. The enrollment data provided include the non-credit, 
continuing education application of ITV as discussed in the next 
section. Non-credit offerings are currently the most rapidly growing 
segment of off-campus ITV in engineering education. 

A number of unresolved problems are worth noting however. Most of 
the programs are regional and employ a courier to carry hardcopy to and 
from campus. An important element in the increased productivity of 
faculty in these programs is the ability to keep all student groups on 
a reasonably close schedule. Otherwise, a faculty member actually 
teaches many different courses rather than different sections of the 
same course. At long distances, say over 100 miles, maintaining a 
schedule can be very difficult, though both the University of Arizona 
and Stanford University have experimented with videotaped credit 
courses at distant sites. New communications technologies promise to 
help overcome the regionalism which dominates these systems today. 

Continuing Education 

A relatively stable population of engineers is increasingly 
involved with the development of new technologies and with changing 
societal attitudes toward technology. Recent studies (e.g., Alden, 
1974 and Seltzer, 1975, 1976) place the engineering workforce at over a 
million people. Nearly all of these are men and many are without 
college degrees in engineering. One of the difficulties in coping with 
change is the relatively slow growth of the profession. The median age 
is 43, and the rate of entry of new graduates into the field of 
engineering today barely exceeds the rate of departure through death, 
retirement, or change of occupation. Concern arising from charges of 
age-discriminatory practices has prompted the enlargement of continuing 
education opportunities in some firms and agencies (e.g., Rivers, 1975 
and C&E News, 1975). 

Participants in continuing education courses usually differ in age 
and motivation from part-time graduate students. Academic credit is 
much less important, though some recognition or certification is often 
desired. Professional development E!!..!!t is often cited as a dominant 
motivation: •keeping up to date•1 •useful in job•1 •self-improvement•; 
•1earning new skills.• Down (1976) reports that auditors in the 
Stanford ITV system have an average age of 38.1 years, compared with 
27.9 for the engineers who take the courses for credit. 

In addition to allowing auditors in regular graduate classes, 
special curricula are developed to serve the continuing education needs 
of engineers in the Stanford system by the Association for Continuing 
Education (ACE). This non-profit organization is a unique regional 
consortium of universities and employers of engineers (Davis and 
Gunderson, 1974). It also uses the Stanford ITFS delivery system. A 
wide variety of courses is offered by ACE. Instructors drawn from 
industry rarely teach these courses, though this was part of the 
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original rationale for forming ACE. The continuing education offerings 
generally are scheduled after regular working hours, and, apparently, 
some companies have enough red tape to discourage potential 
instructors. ACE courses usually are taught in the candid classroom 
mode during hours when Stanford does not schedule other programming, 
e.g., early morning, noon, late afternoon, and evening. 

The Center for Advanced Engineering Study (CABS) at MIT pioneered 
the development of continuing education packages. These modular 
courses consist of a coordinated set of videotaped lectures/ 
demonstrations, study guides that include all of the visual aids used 
in the lectures, problem sets with solutions, textbooks, and, 
occasionally, computer decks and manuals. The average length of a 
course is 12 to 15 lectures, each about 30 minutes long. The content 
is oriented to practicing engineers, not young graduate students. The 
videotapes are produced in a color studio with the benefit of special 
graphics and highlighting techniques. The materials so produced are 
available at any time of the year, since, unlike the classroom tapes 
described earlier, the intention here is to create a master tape for 
later reproduction or videopublishing. Distribution is an expensive, 
frustrating feature of videopublishing today. Indeed, MIT-cABS was not 
able to meet expenses during any year from the inception of the program 
to 1975. This program has continued to grow steadily, become 
self-supporting, and now is the largest effort of its kind in the world. 

Perhaps this explains why only a few universities have produced 
more than one subject in this packaged format. The University of 
Wisconsin Extension has four video-based courses in engineering with 
specially designed textual materials. Rochester Institute of 
Technology has produced 10 courses in a studio for national 
distribution. ACE has developed several topics, and CSU has 22 short 
courses which were prepared in its color studio. overall though, 
videopublishing for engineering continuing education in campus studios 
is in its infancy. 

Other non-university organizations have produced video-based 
courseware for the use of practicing engineers. Commercially, the most 
notable are: Advanced Systems, Inc., which lists over 50 multi-media 
courses, varying from three to ten video sessions each, in management 
and electronic data processing1 Texas Instruments, which lists over 10 
multi-media courses of about 10 sessions each on solid state electronic 
technology; and Hewlett Packard, which lists over 160 topics in 
electronics and in the operation and maintenance of a wide range of 
specific equipment. Many other firms have employed video-based 
instruction for in-service training, and companies such as IBM and Bell 
Telephone Laboratories have modest catalogs covering a variety of 
subject matter. However, with the exception of the Advanced Systems, 
Texas Instruments, and Hewlett Packard courseware, there is little 
sharing of such materials across company lines. 

The activities of technical societies in media-based continuing 
education for professionals was the subject of a conference in 1977 
(Lykos, 1978a). The American Chemical society (ACS) reported on the 
use of 5 ACS videotaped short courses and 37 audiotaped short courses, 
all with coordinated printed material. The ACS is currently engaged in 
an evaluation of individually controlled, media-augmented courses with 
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the assistance of a $830,000 grant from NSF. This is slated for 
completion in 1981. The Society of Manufacturing Engineers reported on 
the development of a number of short courses and single-topic lectures 
for videotaped distribution. A representative of the American Medical 
Association discussed work underway to use a microprocessor controlled 
videodisc. However, most technical societies presented a very cautious 
approach to media, viewing ET as a costly and risky venture for 
self-supporting, continuing education groups to undertake. 

At MIT, Project PROCEED (Program for Continuing Engineering 
Education) is relying primarily on printed material arranged in modular 
fashion for individual study. The design features include effective 
use of case studies as well as an elaborate adaptive reference system. 
Preliminary reports on this $770,000 effort, the only other large NSF 
activity in continuing education, are available (Cohen, 1977, 1978). 

In an earlier development, representatives from all of the colleges 
of engineering known to have ITV systems in operation gathered in 
Dallas for a •Workshop on Continuing Education for Engineers at 
Midcareer• in August 1974. The 70 participants were drawn equally from 
industry and universities. Features of in-plant, video-based 
instruction which were viewed favorably in the discussions were 
summarized as follows: 

Participants from both industry and universities 
discussed the potential advantages of videotaped 
instruction which are not yet widely exploited in 
existing programs. For example, distribution can 
potentially be nationwide to spread the cost of curricula 
development and delivery over many learners. Files can 
be maintained at the discretion of the user. The •best• 
instructors can be contacted in a region or discipline 
area. Evaluation can lead to revision and improvement of 
specific segments of an instructional program. Live 
instructors drawn from the universities or student peer 
groups can adapt and supplement the video modules in much 
the same fashion that many university instructors now 
employ textbooks, at reasonable additional cost. 
Intensive short courses and longer study leaves are, of 
course, very effective continuing educational activities, 
but, because of the time away from the job, only a small 
percentage of the engineers have an opportunity to 
participate. Indeed, the rarity makes it something of a 
reward for good service in some firms or a transition 
signal of a promotion. Video instruction in the place of 
employment at a reasonable cost offers the real potential 
of serving many engineers. (Baldwin, et !.!.•r 1974) 

Some of the shortcomings of these early efforts were also listed: 

Among the factors which were identified as contributing to 
this poor result are: university courses are graduate 
offerings in engineering which require more skill in 
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mathematics than the older engineer possesses1 fear of 
competition for grades with younger engineers1 lack of 
relevance of coursework to job1 job related incentives are 
lacking and indeed may actively work against the older 
engineer seeking credit or a degree from a university1 
family pressures which compete with study time off the 
job. Coursework has not been designed which correlates 
well with the professional growth of engineers, either as 
technical specialists or as managers. Some participants 
felt strongly that up-dating of technical skills had been 
over-emphasized (who wants to admit that he is outdated?), 
and that even MBA programs, where available, are not well 
designed for engineers seeking management positions. 
(~id.) 

Tribus (1975) argues that more attention must be paid in continuing 
education to the way industry usually organizes engineering work into 
specific functions such as designing, manufacturing, and evaluating. 
These activities draw on a variety of traditional engineering 
disciplines in ways which are often unique to an industry. 

A number of planning sessions followed the 1974 Dallas workshop in 
which sets of mutual objectives were identified and an organizational 
structure formulated. In April 1976, twelve university representatives 
formally created a non-profit corporation called the Association for 
Media-Based Continuing Education for Engineers (AflCEE). This 
consortium of universities that operates ITV systems sets out its 
goal: To increase the national effectiveness of continuing education 
of engineers. The member institutions today are: 

TABLE 3 
AflCEE MEMBER INSTITUTIONS 

Auburn university 
case Western Reserve university 
Colorado State university 
Georgia Institute of Technology 

Illinois Institute of Technology 
Massachusetts Institute of Tech. 
North Carolina State university 
Polytechnic Institute of New York 
Purdue University 
Southern Methodist University 
Stanford university 

University of Arizona 
university of California/Davis 
University of Idaho 
university of Illinois, 

Urbana-Champaign 
university of Kentucky 
University of Maryland 
university of Massachusetts/Amherst 
university of Michigan 
University of Minnesota 
University of South Carolina 
University of Southern California 

Before AflCEE, these schools were independently offering 
television-based courses at the graduate level to 
on-the-job engineers at their place of work but were 
drawing only on their separate faculties to develop and 
teach such courses. This was a wasteful non-system of 
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providing for a homogeneous group of people with a real 
need for, and a strong interest in, advanced education, 
and it prevented the offering of specialized courses for 
which there was a demand but no expertise in the local 
faculty. 

The obvious solution was some kind of cooperative 
organization that could sponsor the development of 
courses and other materials for use by all the schools 
involved, that could share development costs among the 
schools, and that could afford to offer highly 
specialized courses that might have only a few students 
at a given site but a substantial number throughout the 
consortium. JUCEE expects its membership to grow to 
twenty-five or more institutions in the next few years 
and expects to expand its offerings to laboratory 
technicians and other people besides engineers working in 
technical jobs. JUCEE uses a revolving fund from which 
awards are made on a competitive basis for the 
development of new courses, and this venture capital will 
be returned to the fund as new courses are brought by the 
members of the consortium and by other institutions. 
Whether a similar consortium might be appropriate in 
other large professional fields such as medicine, 
nursing, law, management, and public school teaching is a 
question that should now be explored. (Koerner, 1977) 

The Sloan Foundation and NSF have provided funds to launch a 
coordinated set of activities which addresses both the goal of the 
organization and the long-term need for JUCEE to be self-sufficient by 
virtue of the sale of its services. JUCEE produced a catalog of 172 
courses from 10 universities in July 1978J the OCtober edition listed 
224 courses from 15 universities. The 1979/80 JUCEE catalog listed 
over 350 courses from 15 universities, by 1980/81, over 450 courses 
from 21 universities appeared. For the first time, university ITV 
courses are available from a single source nationwide. 

Several special workshops and seminars on timely topics of interest 
to engineers have been heldJ each drew on talent from several colleges 
for faculty. A biannual directory of all continuing education 
opportunities for engineers plus a telephone information service 
supported by a word processor are scheduled for introduction in late 
1980. JUCEE sponsored the conference cited earlier (Lykos, 1978a) at 
the united Engineering Center, New York City, September 28-29, 1978. 
This meeting brought together representatives of many major technical 
societies and universities to discuss ways to cooperate in the use of 
media in continuing education. JUCEE also sponsored a feasibility 
study on the possible use of modern communications technology and 
satellites as discussed in Chapter III. 

Videopublishing received a boost three years ago when the 
University of Southern California (USC) started its Employee 
Development Program. Courses produced at other institutions are 
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previewed on the use ITV system periodically. Those drawing sufficient 
response are scheduled for distribution over the system on a non-credit 
basis. Enrollments in these non-credit courses now exceeds that of the 
regular credit offerings. AICEE has encouraged similar successful 
programs at the university of South Carolina, the University of 
Michigan, Purdue, and csu. 

An evaluation of the CSU program showed that the off-campus 
students were not concerned about where the course was prepared. 
Rather, they focused on the relevance and quality of the instruction 
(Sjogren, 1976). Table 4 summarizes the non-credit program enrollment 
for 1979-80. The regional ITV systems promise to be effective 
distributers in the videopublishing field. In addition, the regional 
ITV systems often supply the advising, tutoring, and quality control 
functions needed by the industrial subscribers. As previously noted, 
these non-credit programs are the most rapidly growing segment of ITV 
instruction. 

Evaluations of continuing education programs are customarily 
limited to attitude surveys of the participants. Employers usually 
express faith in the long-term benefits and do not fret over 
evaluations (Sanders, 1974). Morris (1978) reports on an NSF-sponsored 
study which attempts to measure the return on investment in continuing 
education of engineers. Detailed data on approximately 400 individuals 
in three firms and a government research laboratory were coded for 5 to 
15 years of employment records. In addition to continuing education 
participation, other characteristics of the individual were coded such 
as quality of performance on the job, college stature and college grade 
point average, honors, and personal drive. Morris reports •a 
convincing statistical association between continuing education and 
performance, and a demonstration that it is not a false association 
created by any other variable which was measured.• In a less ambitious 
study, Klus and Jones (1975) reported that •participation in continuing 
education programs (in this case, short, live courses) seems to have a 
positive effect on those job factors pertaining to salary and 
satisfaction with present job status.• 

Some of the current impediments to the use of ITV at the job site 
for continuing education include: 

• 

• 
• 

Lack of a well-accepted credentialing method (the CEU or 
continuing education unit draws mixed responses)J 
Lack of curriculum depth1 and 
Inefficient distribution economics for materials designed for 
continuing education. 

Junior Colleges 

Resource sharing is particularly attractive when budgets are lean 
in higher education. The rapid expansion of junior colleges during the 
late 1960's left many stat~ university systems with tight budgets. 
Many junior colleges were poorly funded from the outset, yet colleges 
of engineering increasingly are asked to assimilate transfer students 
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TABLE 4 
NON-ACADEMIC CREDIT 

ENGINEERING CONTINUING EDUCATION PROGRAMS OFFERED OFF CAMPUS BY TELEVISION 
1979-80 

Delivery Remote Total Total 
Program (Starting Date) 

University of Rhode Island (1961) 
University of Florida (1964) 
Southern Methodist University-TAGER 
Colorado State University (1967) 
University of Tennessee (1967) 

Method 
Microwave 

Locations Courses Enrollments 

University of Illinois/Urbana (1967) 
University of Colorado (1968) 
Stanford University (1969) 
ACE at Stanford (1969) 
Iowa State University (1~69) 

(1967) 
Leased Microwave 
Microwave + ITFS + Videotape 
Videotape 
Videotape 

Blackboard by Wire 
Videotape + ITFS 
ITFS + Videotape 
ITFS + Videotape 
Videotape 

University of South Carolina (1969) ITV + Videotape 
HIT (1969) Videotape 
University of Kentucky (1969) Film + Videotape 
University of Michigan (1970) Leased Microwave + ITFS 
University of California at Davis (1970) Microwave + Videotape 

Purdue University (1970) Microwave + Videotape 
North Carolina State University (1970) ETV + Videotape 
University of Wisconsin (1970) ETV+Videotape+Electrowriter+Telephone Network 
University of Minnesota (1971) Microwave + ITFS + Videotape 
Rochester Institute of Technology (1971) Videotape 

Oklahoma State System (1972) Microwave + ITFS 
University of Haine (1972) Live Video, Audio Return 
Case Western Reserve (1972) Videotape 
University of Southern California (1972) ITFS 
University of Arizona (1972) Videotape + Hicrowave(Out) + Slow Scan (Return) 

University of Pennsylvania (1972) 
Cornell University (1973) 
University of California/Santa Barbara (1974) 
University of California/Berkeley (1974) 
University of Idaho (1975) 

University of Massachusetts (1975) 
Illinois Institute of Technology (1976) 
Georgia Institute of Technology (1978) 
Polytechnic Institute of New York (1978) 
Worcester Polytechnic Institute 

University of Maryland 
Auburn University 

ITFS 
Videotape 
Microwave + Videotape 
Microwave + Videotape 
Videotape 

Videotape 
ITFS 
Videotape 
Videotape 
Videotape - In Planning 
Beginning 1980-81 
In Planning 

Program Discontinued 1979 
Program Discontinued 1972 

16 75 60 
525 24 2934 

4 
11 
45 
36 
NA 

800 
29 
11 

3 

13 
30 
NA 

50 
27 
60 

6 
20 

8 
7 

All Credit Courses Offered 

22 16 
5 121 

149 1655 
68 3615 
1 826 

All Credit Courses Offered 
24 15,000 

2 910 
46 352 
47 103 

17 688 
11 706 
30 1289 

All Credit Courses Offered 

All Credit Courses Offered 
Not Currently Operating 

41 14 
153 2798 

44 NA 

Not Currently Operating 

All Credit Courses Offered 
30 250 
8 209 

7 175 
7 114 

All Credit Courses Offered 

.. 
0 
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who have two years of study in junior colleges. Project Co-Tie, which 
began in 1968, seeks to achieve increased and enhanced educational 
opportunities by means of resource sharing among Colorado junior 
colleges and CSU. 

Since its beginning Co-Tie has included, among its 
activities, the offering of pre-engineering courses to 
participating colleges. Electrical Circuits, Statics, 
Dynamics, Fluids, and Thermal Sciences are common core 
pre-engineering courses which have been videotaped for 
use in the program. Six of the participating colleges 
offered two-year pre-engineering programs1 however, each 
of the programs had notable differences primarily in the 
sophomore engineering courses. The Co-Tie project 
supplemented each of the pre-engineering programs to the 
extent that a student could transfer into a four-year 
program as a full-fledged junior. The videotaped courses 
are made available free of charge to the colleges to use 
in a manner dictated by local faculty. Each of the 
colleges charges its own tuition and awards its own 
credit for the courses even though the material is 
identical to that offered at Colorado State University. 
(Maxwell, 1978) 

An important feature of Co-Tie is a state-owned data and voice 
communications network which links nine campuses to the CSU digital 
computer. Prior to this development in 1971, many junior colleges in 
Colorado were essentially without computing facilities for student use. 

For years, some students have chosen to start their collegiate 
educations at small liberal arts colleges. Often, transfer 
arrangements are offered so that the student first attends the smaller 
college for three years and then transfers to a specified engineering 
college for two additional years of·study. Successful completion of a 
three-two program results in the awarding of a B.A. degree usually in 
mathematics or science from the liberal arts college and a B.S. degree 
in engineering. The Illinois Institute of Technology recently entered 
into an arrangement with North Central College which is within the 
35-mile radius of its ITFS system, llT/V. Coordination of programs is 
enhanced through joint seminars so that students can enlarge their 
selection of courses before transferring. 

High Schools 

Many of Colorado's smaller and relatively remote rural high schools 
simply are unable to offer a complete set of pre-college mathematics 
courses because of the small numbers of students involved. While 
relatively large metropolitan high schools offer a wide range of 
required as well as elective mathematics, science, and computing 
courses, the curricula are •barebones• in most rural schools. For 
example, virtually no rural high school in Colorado has its own 
computing facility and offers computing classes. 
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In order to extend high school engineering programs and to provide 
some assistance to rural high schools, the Hi-Tie program was 
established in 1971. Through Hi-Tie, CSU has offered its freshman 
engineering course via videotape to senior students at any high school 
wishing to participate for the past nine years. During the 1979-80 
academic year, approximately 25 students at 6 high schools earned 
university credit by taking the CSU freshman engineering course. The 
videotaped course covers basic Fortran IV prograDDDing and its 
engineering applications. In addition, five one-credit precalculus 
mathematics courses and a university mathematics placement examination 
are being offered to 50 students in 8 high schools. Taping is done in 
a studio-classroom with one section of CSU freshman engineering 
students. 

Special sessions are included in the video series relating to •what 
engineering is all about.• A number of campus groups such as the 
Institute of Electrical and Electronics Engineers student chapter and 
the Society for Women Engineers have made short videotape segments. 
Other segments address career opportunities and the life of the working 
engineer. The segments are edited onto the end of shortened lectures 
and are used as the advertisement of the day. Produced mostly by 
students, these special spots are effective in depicting the campus 
life of an undergraduate engineer to high school students. The high 
school students view the course tapes made at CSU on a regularly 
scheduled basis (Ward and Maxwell, 1975). 

Programs such as these might well serve as an effective 
coDDDunications link between minority students attending high schools 
and universities. Because researchers often believe that high school 
is too late, other ways of supporting science and mathematics 
instruction in junior high schools and earlier need to be found as well. 

Public Understanding of Technology 

The NOVA television series shown over the Public Broadcasting 
System (PBS) is the best known and most long-lived example of programs 
designed to promote public understanding of technology. A new series 
produced with support from NSF and General Motors Research Laboratories 
is called •How about ••• • and features Don Herbert. (Herbert is known 
to most as •Mr. Wizard• from an earlier series.) •How about ••• • is 
produced in 90-second segments intended to be used in local news 
prograDDDing and •aimed at adult viewers who want to know more about bow 
science and technology affect their lives - present and future.• 
During 1978-79, 65 segments were produced, ranging over a wide variety 
of topics such as: •Mount Rainer, the Sleeping Volcano•1 •J-D Pictures 
of Holography•1 •inside a Hand-Held Calculator•; •The Radar-Gun that 
Clocks Your Speed': and •Listening for Space Signals.• The series 
first appeared in 1980 on 138 commercial television stations. 

New technology can be very threatening in an established 
organization. Consider the general morale problems which might be 
encountered in the automobile industry as microelectronics is 
introduced. Assuming that the engineers can quickly assimilate the new 
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technology through on-the-job training, what can be done to gain the 
understanding and approval of the support staff of the organization? 
General Motors/Delco Division purchased the introductory courses 
produced by Texas Instruments which describe solid state devices and 
give an overview of microelectronics. These video lectures are shown 
in the plant at various times. Everyone, e.g., secretaries, clerks, 
janitors, is encouraged to participate so that the new activities of 
the division can be better understood, and perhaps supported, by all 
(Holmes, 1978). 

Foreign Programs 

Many engineering colleges have participated in programs which 
involve assistance to foreign universities or various kinds of 
technical planning and development work for foreign governments. The 
activities of the International Division of ASEE attest to this 
commitment abroad. Clearly, many engineering faculty willingly devote 
several years of their careers to overseas work on the wide variety of 
activities required by foreign contracts. The faculty's personal 
encounters and experiences are probably essential. The extent to which 
ITV or other media can be used to enlarge the talent and resources 
devoted to such programs is an issue. 

The University of.Catania in southern Italy contracted with CSU to 
produce a course entitled •Management of Water Resource Systems: A 
Systems Approach.• A team of faculty from each university developed 
the course outline, and eight CSU faculty shared in scripting the 30 
hours of videotape and the companion text. The media production 
employs voice over a sequence of prepared graphics, film, and slides to 
illustrate the topic. An instructor does not appear on camera at any 
time. Sound tracks in both English and Italian were recorded on the 
original tapesJ these have since been translated into two other 
languages as well. The course was finished in 1976, after two years of 
effort, and is now in use both on the campus of the University of 
Catania and in various government agencies in the arid regions of Italy 
(Baldwin and Davis, 1975). 

Rogers (1975) reports on the development of a 40-hour program of 
technical training for use at Kam AZ, a gigantic automotive.factory 
built with u.s. equipment on the Kama River in the Soviet union. The 
C-E Cast Equipment Division of w.s. Tyler, Inc., contracted to deliver 
seven automatic molding lines for the sand casting of engine blocks and 
other parts to this factory. Each line is a hugh machine, 
approximately 200 feet in length, composed of mechanical, pneumatic, 
hydraulic, electrical, and electronic sub-systems. The u.s. contractor 
promised to supply instruction in the principles, operation, and 
maintenance of the devices. In the United States, this would be 
accomplished by presentations made by representatives of over 20 
component suppliers, as well as the C-E Cast Equipment staff. A 
variety of slide sets, film strips, videotapes, working models, 
drawings, and catalogs would be used. Because of time and funding 
constraints, the decision was made to videotape each of these 
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presentations in the ITV classrooms of Case Western Reserve University 
so that the entire series would be in a c0111DOn, storable format. Both 
English and Russian sound tracks accompany the training course, which 
has been used both on this contract and in the United States. Rogers 
reports that about 4.5 hours of production time were devoted to each 
hour of instruction, which is remarkable considering the lack of 
experience of the 29 instructors. 

Two on-going activities related to public health and irrigation 
water management have taken CSU faculty teams to Egypt and Peru. In 
each case, training of nat~ve technicians is an important part of the 
project. Videotaped courses from campus provide an academic supplement 
to the field training being carried out by the CSU staff abroad. The 
task of selecting the most able natives for additional education in the 
United States is eased by noting performances on the taped graduate 
courses, and the transition into American graduate school is less 
traumatic for the students selected for further education. 

But, reliable, fast communications systems are necessary if the 
resources of u.s. campuses are to have a major impact on the foreign 
assistance activities of engineering and agricultural faculties. 
Two-way interaction is essential. Several multinational industrial 
corporations now routinely employ satellite teleconferencing to improve 
the coordination of widely dispersed activities. Satellites offer an 
unparallelled opportunity which has yet to be exploited in the 
education of professionals in their homelands. 
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III. 
NEW TECHNOLOGIES 

The •new• technologies discussed in this Chapter are recent 
applications of educational technology (ET) in engineering education. 
Modern communications on a large geographic scale by satellite has 
great potential as a logical extension of existing instructional 
television (ITV) programs. Several experiments and feasibility 
studies support this assertion. Secondly, advances in video 
technology coupled with powerful decentralization computing may make a 
new generation of instructional equipment affordable. This 
possibility offers great opportunities to engineering education, 
possibilities which are only now receiving serious study. 

Satellite Applications and Potential 

Engineering educators are pioneers in using media-based systems to 
provide educational programs for their employed professional 
constituents. In a recent study of continuing professional education 
in law, medicine, teaching, and engineering, the engineering 
profession was rated as •most promising as a market for electronic 
delivery of continuing professional education.• It also was pointed 
out that •aside from their primary qualification as educational 
institutions, universities are 'neutral' organizations within a 
region, able to gain electronic entrance to, and disseminate 
information among, many corporations and thus precipitate an 
information flow which otherwise might not exist among competitors.• 
(Rothenberg, 1975) 

A communications satellite which is placed in geostationary orbit 
above the equator can provide broadcast coverage over about one-third 
of the surface of the earth. Thus, it is possible to expand 
educational television, radio, and data services from local or 
regional coverage to national or international coverage. The 
aggregation of large user groups receiving programming. simultaneously 
leads to a delivery cost per viewer that is reasonable when compared 
with other conununications options such as traveling to the point of 
program origin or mailing film or videotape. 

45 
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Through the Association for Media-Based Continuing Education for 
Engineers (AK::EE), the engineering educators who pioneered the use of 
media-based programs for practicing engineers are actively studying 
all of the facets of using communications satellites to expand the 
number of courses and services to an even larger audience spread over 
a vast geographical area. The goal is to improve the quality of 
engineering education for tne hundreds of thousands of engineers and 
scientists not presently receiving continuing education on a regular 
basis, while keeping cost at a level that is considered reasonable by 
both suppliers and users. 

Current Status 

The systems operating today fall into two major categories: 
1) live transmission of courses from classrooms to companies over 
instructional television fixed service (ITFS) channels or over 
educational television (ETV) channels; and 2) mailed videotapes of 
either live or studio-produced instruction. 

An ITFS signal has a broadcast range of about 30 miles. In areas 
such as Los Angeles or San Francisco, ITFS works well. Many high 
technology firms are located within range of the University of 
Southern California and Stanford University systems. In Colorado, 
however, because the terrain makes live broadcast impractical, 
Colorado State University (CSU) has built its off-campus program 
around a videotape distribution service. The Massachusetts Institute 
of Technology (MIT) has a program primarily based on a catalog of 
studio-produced engineering and science courses, and it depends on 
mail and parcel delivery services for worldwide distribution. Demand 
for certain of MIT's packaged courses is so high that, in one case, 20 
complete sets of 21 tapes each are needed to meet circulation 
requirements. This alone represents an inventory investment of 
$15,000 to $20,000. The new tutored videotape instruction (TVI) 
program at Stanford permits students at locations remote from the 
campus to earn degree credit by viewing videotapes of Stanford 
lectures (Gibbons, et al., 1977). In the absence of the course 
instructors, tutors-Provided by participating companies assist 
students. The most troublesome aspect of this program is the slow 
delivery of homework and examinations to the Stanford professors. A 
minimum lag-time of one week must be built into the program to ensure 
stability in the viewing schedules at the remote sites. 

These systems, while effective in reaching the well-defined 
constituencies of the producing universities, are generally unable to 
expand their services for the following reasons: technical, i.e., the 
signal can travel only a short distance for a reasonable cost; 
logistical, i.e., the mail and other delivery services are slow; and 
financial, i.e., a videotape inventory is expensive. 

Because of its broad footprint, a communications satellite is 
capable of providing service which is effectively responsive to the 
technical, logistical, and financial constraints mentioned above. A 
signal can be transmitted from any single point to many receivers 
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across the country without regard for distance or geographical 
barriers. The signal can be received simultaneously at all points in 
the system. Thus, given an aggregated user group, the cost per viewer 
of distribution can be substantially reduced. 

Previous Experiments 

The Educational Satellite Communications Demonstration was the 
first substantial federal investment in finding educational 
applications for communications satellites. Sponsored jointly by the 
National Aeronautics and Space Administration (NASA) and the Department 
of Health, Education, and Welfare, a series of three projects was 
operated during the 1974-75 academic year using the NASA-developed 
ATS-6. Color television was distributed by this high-powered satellite 
to small antennas at rural schools and other, similar sites. The three 
regional projects included the Appalachian Educational Satellite 
Project conducted by the Appalachian Regional Commission, the Satellite 
Technology Demonstration conducted by the Federation of Rocky Mountain 
States, and the ESCO/Alaska conducted by the Alaska Governor's Office 
of Telecommunications. Between $18 and $34 million (depending on how 
much of the satellite and launch costs are included) was spent on these 
demonstrations. The Educational Policy Research Center of the Syracuse 
Research Corporation reported extensively on the results of these 
projects (Educational Policy Research Center, 1976). 

During the 1976-77 academic year, Stanford University in California 
and Carleton University in Ottawa conducted a curriculum-sharing 
experiment using the Communications Technology Satellite, an 
experimental high-powered satellite co-sponsored by the United States 
and Canada. Three objectives were identified: 1) to demonstrate the 
ability to expand the scope of instruction by sharing classes between 
universities with different emphases and orientations: 2) to develop 
optimum class presentation and student/teacher interaction techniques 
for remote curriculum sharing: and 3) to develop, demonstrate, and 
evaluate a cost-effective, digital video compression system in 
conjunction with efficient channel coding and modulation. 

The experiment was designed to take advantage of in-place 
equipment. Stanford had been operating its four-channel ITFS network 
since 1969, and Carleton had set up a •wired City• laboratory 
containing an array of television-communications equipment. During the 
two-quarter experiment, four courses and one seminar were sent by 
Stanford and three courses were provided by Carleton. Sharon Strover 
of the Institute for Communication Research at Stanford reported: 

What does the Stanford-Carleton-NASA-Ames 
curriculum-sharing experiment mean for the larger 
contingent of satellite users and satellite watchers? Is 
it a promise for the future or just another •ho-hum" in 
educational technology? Our conclusion must be somewhere 
in between these poles. The digital video operated well, 
promising more efficient use of bandwidth in the future: 
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serious scheduling and accreditation problems were 
avoided; students were by and large satisfied with the 
courses; and the project sustained satisfactory 
operations from October 1976 to March 1977. 
Curriculum-sharing proved, at least in this case, not to 
be the administrative hassle one might think. While 
unforeseen costs did emerge at Stanford, burdening the 
Instructional Television Network, it was, after all, part 
of the project's goal to uncover such expenses. On the 
other hand, the full potential of resource sharing was 
not tapped in this project. Further experimentation must 
focus on the interaction capabilities of this medium 
within an educational setting, evaluating obtainable 
results in light of other mechanisms offering similar 
•results.• Renee, curriculum-sharing via satellite must 
still be phrased in terms of potential. (Strover, 1978) 

Another recent experiment in graduate engineering education using 
the Communications Technology Satellite involved North Carolina A&TJ 
Jackson State University, Mississippi; Stanford University; Bell 
Northern Research of Canada; and the Rockwell International Science 
Center. In this two-day activity, graduate students and faculty 
members of two institutions with large minority enrollments had the 
opportunity to present and receive technical reports on high-level 
research projects. Two-way video and audio channels permitted 
face-to-face interaction between participants on the east and west 
coasts. 

The above experiments were really demonstrations of potential 
long-term satellite applications. At a •conference on Educational 
Applications of Satellites• sponsored by the National Institute of 
Education (NIE), Lawrence P. Grayson, Chief of the Technology 
Applications Division of NIE reported that the Institute would commit 
itself to a second major program of support for satellite 
applications. •The purpose of this program is to identify uses that 
can meet existing educational needs, to demonstrate that the costs can 
be kept low enough to be afforded by the users, and to assist a number 
of organizations through the transition from having shown that 
satellites can be useful in meeting the needs of their constituencies 
to implementing operational services.• (National Institute of 
Education, 1977) In this context, representatives of media-based 
engineering education programs have been developing a plan for 
implementing an operational satellite delivery service. 

An Operational Plan 

Past and present programs of media-based systems will have a strong 
influence on the development of future services provided by 
satellites. The engineering profession can look forward to starting 
with an already tried and tested educational service that will be 
expanded and enhanced through geostationary satellites having broad 
coverage. Televised engineering education is currently reaching a 
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numerically large, but relatively small proportion, of the population 
of over one million working engineers. However, the future 
satellite-based delivery service will: 

• Deliver regular classroom subjects, generally engineering and 
science courses at the graduate level, beyond present regional 
boundaries served by ITFS, ETV, and slowly delivered videotaper 

• Deliver more studio produced, packaged courses to larger 
numbers of users on a timely, efficient basisr and 

• Deliver novel, special programs such as short courses, 
seminars, speeches, and emergency engineering-related notices 
which are not now being made available for national 
distribution because of the financial constraints imposed by 
relatively small local audiences. 

Though a centralized system, the satellite will permit video 
broadcasting of classroom instruction from major American universities 
to employed engineers at industrial plants and research laboratories 
thoughout the country. It also will permit curriculum sharing and 
curriculum enrichment by providing smaller or developing institutions 
with access to major university programs. It is anticipated that many 
such institutions will want to supplement their curricula. For 
example, the Oregon Graduate Center currently lists videotaped courses 
from Stanford and MIT in its descriptive literature. 

In addition to the video broadcasting described above, the system 
will permit the transmission of examinations, lecture notes, and 
homework assignments on a subcarrier that will be demodulated and 
reproduced separately at each receiving point, thus producing 
hardcopy. With this simple system, up to 15 pages of written or 
printed material will be transmitted with each hour of video 
broadcasting. By one estimate, there are 200,000 facsimile copiers now 
in use, and such rapid growth is anticipated that over 500,000 are 
expected to be in use by 1985. This technology will prove important in 
the implementation of national and international education programs by 
satellite. 

A data and document retrieval service also will be provided for 
each participating university and industrial subscriber. Initially, a 
telephone line data terminal will be used to access computer~based 
library services and national data banks. A national data bank of 
engineering educational services such as abstracts, catalogs of 
courses, and consultant services will be accessible through this 
system. Data which have been requested will be returned over the 
telephone line, or a document will be sent from a video-transmitting 
university at the same time as the classroom broadcast by means of the 
facsimile machine and subcarrier channel mentioned above. Other new 
satellite-based data transmission systems will be explored as they 
become available. 

Two-way teleconferencing also will be possible with a satellite 
system. Two satellite channels will be required whenever face-to-face 
conferencing is needed. It is anticipated that teleconferencing will 
lead to more effective coordination of many projects and programs among 
universities. Indeed, some believe that only in this way can the full 
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benefits of a national educational consortium, such as AK:EE, be 
realized. Currently, key university administrators travel to 
occasional meetings then return to their home institutions to relay 
plans, but the satellite system will enable working groups of dispersed 
faculty and industrialists within a single discipline to undertake 
planning and evaluation sessions on a continuing basis. 
Teleconferencing also will allow people at widely separated locations 
to interact in technical seminars. 

Programs will range from standard 30- to 40-hour graduate level 
engineering and science courses to short classes of five to ten hours 
duration. Transmission of live courses will take place during the 
six-hour period when east and west coast universities are in session 
(11 a.m. - 5 p.m. Eastern Time1 8 a.m. - 2 p.m. Pacific Time). During 
the other available hours, prerecorded materials will be transmitted 
for off-the-air recording and use at a convenient time. 

Anticipated Satellite Configurations 

There are two fundamental system models under consideration: 1) the 
independent system in which the satellite transponder connects program 
originator and users directly, using only originator-user owned uplinks 
and downlinks as shown in Figure 51 and 2) the dependent system in 
which part of the system belongs to another agency such as the National 
Public Radio (NPR) of the Public Broadcasting Service (PBS) as shown in 
Figure 6. 

With the independent system, one university will send a signal 
through a satellite directly to other universities and participating 
company sites. A receiving university might then retransmit the signal 
over its local system. The dependent system will be tied to PBS earth 
stations (both radio and television) located on or near university 
campuses. Programming will be sent and received through shared 
terminals, with university-owned control centers handling the 
preliminary origination and the subsequent distribution of the sent and 
received signals. 

A combined system in which shared and independently-owned terminals 
are used is technically possible also. The choice of independent, 
dependent, or mixed systems will depend on the availability and costs 
of the satellites and related components. Currently, a major 
political-corporate struggle is underway to determine the appropriate 
uses of available frequencies1 the outcome of this will have a 
significant impact on the direction of all future satellite services in 
the United States. Therefore, engineering educators are in a •wait and 
see" mode in their planning at the present time. 

Economic Factors 

The media-based university engineering programs generally consider 
only the capital costs and day-to-day operating costs of their 
broadcast or videotape systems. Faculty salaries are covered by the 
university budgets and are not included in the media-based system 
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costs. Adding a satellite delivery mode on top of the current systems 
requires careful cost analysis, as the hourly transponder fee can range 
from $100 to $1,000. The earth terminal equipment cost also must be 
taken into consideration. 

If one assumes a satellite rental fee of $300 per hour, a course 
fee of $50 per hour, and that 20 percent of the course fee ($10 per 
hour) would be set aside to cover the satellite cost, then a minimum of 
30 subscribers is needed just to cover the satellite rental cost. It 
is clear that large aggregated audiences are essential for the system 
to be economically viable. 

An issue currently receiving attention is the role of the federal 
government in fostering the development and utilization of 
communications satellites in public service areas, including 
education. The Committee on Satellite Communications of the Space 
Application Board of the National Research Council (NBC) recently 
published a report on this subject. The Committee did not recommend 
that the federal government, i.e., NASA, provide and operate a public 
service satellite communications system. However, it strongly 
supported the option in which •NASA and appropriate user agencies would 
jointly define, develop, and test (including flight demonstrations) new 
public service satellite communications systems. In addition, NASA and 
the user would be jointly responsible for transferring the new system 
to the appropriate operating agencies.• (Committee on Satellite 
Communications of the Space Applications Board, NBC, 1977) 

At this point, it seems that the community of engineering educators 
developing the plan for an operational satellite delivery service can 
foresee a break-even or profitable operation in a relatively short 
amount of time (assuming that marketing projections are valid and 
counting only hourly satellite rental fees). However, the initial 
capital required for such a system will be approximately $2 million. 

Experience is the primary difference between the operators of 
media-based systems for delivering engineering education and other 
public service groups who are seeking federal support for the 
development of satellite-based systems. Most of the managers of the 
in-place engineering education systems have operating experience of 
five to ten years behind them1 they are seasoned veterans. They are 
familiar with the problems of putting course schedules together, 
distributing them, and enrolling students. They know the costs of high 
quality media-based instruction, and they know that they depend on 
income from satisfied users for survival. They have experience in 
dealing with university administrators and faculty, industrial training 
directors, engineering managers, and engineering students of varying 
ages and abilities. This is the single most compelling argument in 
favor of immediate federal support for the development of a nationwide 
satellite service for engineering education. Diffusion of the 
technology to other areas of higher education then can proceed. 

Video/Computer Combinations 

Despite the rapid decline in the cost of hardware for computing, 
expenditures in this area by institutions of higher education have not 
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declined. Nevertheless, in computing, the past will probably not be a 
good guide to the immediate future because the affordable alternatives 
are multiplying rapidly. 

Advances in semiconductor technology have caused incredible changes 
in the last decade (Planagan, 1977). Whitney (1977) put these advances 
in economic perspective as shown in Figure 7, noting that •it takes 
about 2,000 gates to make a four-function calculator, about 8,000 to 
make a 16-bit minicomputer, and about 40,000 to make a medium-scale 
32-bit computer.• His conclusion is generally regarded as true: 

The point of all this is that semiconductor technology is 
advancing at such a rate that, even before 1980, the cost of 
processor electronics will not be important. There will be new 
rules by which to play the computer design game. We must think 
creatively about what to do with •zero cost• logic. (Whitney, 
1977) 

In early 1975, computer kits were marketed for about $340 in what 
might be called the first wave of personal computers. over 400,000 
microcomputers have been sold since then. •eozens of companies have 
entered the marketplace with new computers, terminals, disc drives, 
speech synthesizers, D/A and A/D converters, audio-cassette-recorder 
interfaces, graphics systems, and other related devices.• (Braun, 
1977) Today, several computers are being retailed for approximately 
$900, assembled. These are complete microcomputers with a 
large-capacity memory, a video monitor, a keyboard, and an audio 
cassette recorder, all with interfaces, plus the usual processor and 
power supply. These second generation personal computers feature 
BASIC, but other computer languages such as FORTRAN IV, APL, and PACAL 
are readily available. They were on the market two years after the 
first generation. A wide array of compatible peripheral hardware are 
available which plug into the unit. For example, a popular color 
graphic device consists of a single board costing S350 with a 
definition of 128 x 128 (horizontal x vertical) picture elements which 
permits the choice of eight colors on a 'IV monitor in two intensities 
(Dwyer and Sweer, 1976). Personal computer manufacturers were the star 
electronics performers of 19791 the three major competitors each more 
than doubled their output. 

Hardware is just part of the revolution. Other evidence includes: 

• Publications aimed at the computer amateur and educator: Byte, 
Dr. Cobb's Journal, Kiloband, Personal Computing, ROM, Creative 
Computing, People's Computer CompanYJ 

• Computer retail stores1 
• Computer clubsi and 
• Personal computer shows such as the first one in Atlantic City 

in August, 1976, which drew 5,000 attendees. 

Table top machines with the power of an IBM 1620 now retail for under 
$2,000. By mid-1980, an IBM executive has promised one-third the power 
of an IBM 370/168 •under a keyboard.• 
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FIGURE 7 Costs of logic gates. 

Concurrently with the microprocessor innovations outlined above, 
progress is being made on videodisc systems targeted for the consumer 
marketplace. These laser-powered recording systems employ digital 
signal storage and retrieval which provides data or image storage 
density that far exceeds that of magnetic recording. •Playback only• 
optical disk storage systems are available now which of fer an economic 
savings of at least 20 percent compared to other mass frame storage 
media, e.g., microfilm, microfiche, and film strips. Furthermore, the 
same disk can store computer codes for interactive electronics and 
other functions. The principal problem with these first systems is the 
•read only• memory feature that not only precludes easy editing when 
used in an interactive CAI authoring mode, but also makes reproduction 
runs of 100 or more copies necessary if the •playback only• disks are 
to be competitive in cost with video cassettes for film storage 
(SChneider, 1977). These shortcomings are recognized, and development 

work is underway in a number of laboratories to produce laser-powered 
recording systems with instant playback as a medium for high-speed, 
mass data storage (Bartolini, !i al., 1978). 

The promise of inexpensive, rapidly accessible, massive videofiles 
coupled with the rapidly developing microcomputer technology is 
stimulating renewed interest in the use of these technologies for 
educational purposes. An essential !!!!!_ ingredient is the orientation 
of the device manufacturers toward direct consumer purchase. 

Current Status 

Many university presidents may welcome the consumer takeover of 
computing. As shown in Figure 8, the central university computing 
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facilities in the United States spent over $991 million during 1976-77, 
up from $472 million in 1969-70 (Hamblen, 1977, 1978). Figure 8 
distributes these amounts by major computer functions, i.e., 
instruction, research, and administration. Note the huge increase in 
dollars over a three-year period. A1so note that administrative 
expenditures grew appreciably faster than instruction and research 
expenditures. Eighty-two percent of the computer costs for the 1977 
fiscal year were paid through the funds of the individual institutions, 
7 percent was paid by the federal government agencies and 11 percent by 
other sources. 

The fourth inventory of computers in higher education sponsored by 
the National Science Foundation (NSF) has just been completed. Table S 
shows the types of instructional use of computers that were reported 
(Hamblen, 1980). 

TABLE S 
USES OF COMPUTING IN ENGINEERING EDOCATION 

No. of Institutions 
Reporting 

238 
136 

29 
43 
10 

Source: Hamblen, 1980 

Type of use 

Problem solving 
Simulation 
Computer-assisted testing 
Computer-assisted instruction 
Computer-managed instruction 

Table 6 shows that the cost of computing services for engineering 
students in courses which required a computer rose from $4S per student 
in a course in 1969 to $71 per student in a course in 1976. Note that 
engineering is now the most expensive discipline per student in a 
course, but lags behind computer science and business in total 
resources demanded. 

Although not shown in Table 6, Hamblen reports a slight drop in the 
number of courses (12 percent) and engineering students (22 percent) in 
1976 as compared to 1969. On the other hand, the total resources 
consumed climbed from $10.9 million in 1969 to $13.3 million in 1976. 
Both trends are puzzling since computing costs are clearly decreasing 
and total engineering enrollments have risen sharply during the 
interval. It should be noted, however, that the survey response rate 
also dropped from 7S percent in 1969-70 to S8 percent in 1976-77, and 
no attempt was made to extrapolate the data. Indeed, an interpretative 
analysis of these data on computing in instruction is not yet 
available1 inquiries may be directed to Carl Zinn, University of 
Michigan. 
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1988-1987 
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34% 
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($161 MILLION) 

32% 
RESEARCH 
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SOURCE: Hamblen, 1977. 
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FIGURE 8 Estimated Distribution of Expenditures for 
Instruction Research and Administrative Uses of Com­
puters in U.S. Higher Education 1966-67 and 1969-70. 

Educational Technology in Engineering

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/19644


TABLE 6 
COST PER STUDENT PER COURSE FOR VARIOUS 

DISCIPLINE AREAS, 1969-70 and 1976-77 

Value of Cost per 
Number of Number of Computer Use Student per 

Discipline Courses Students (in Millions) Course 
Area 1976-77 1976-77 1976-77 1969-70 1976-77 

Computer Science 8651 292,921 $17.2 $78 $59 

Engineering 7356 187,877 13.3 45 71 

Business 5320 259,003 14.8 44 57 

Math/statistics 3716 125' 145 4.8 42 38 

Physical Sciences 2418 84,053 3.1 45 37 

Social Sciences 3090 85,621 2.3 36 26 

Education 1088 31,292 .7 27 24 

Environmental and Life 
Science 2408 69,825 1.8 -- 26 

All Other 3962 133,175 5.1 54 38 

The above table shows the numbers of courses that involved computer usage during 1976-77, the numbers 
of students enrolled in those courses, and the value of the computer services by discipline area. 
These figures are based upon report summaries and are not extrapolated estimates; the 1969-70 survey 
had a 75% response rate and the 1976-77 survey only a 58% response. 

Source: Hamblen, 1980. 

U1 
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The cost of hardware amortization during the 1976-77 academic year 
is 40 percent of the cost of computer services cited above. The 
personnel support services for the computing facilities, maintenance 
contracts, expendable supplies, and software purchases generally take 
the other 60 percent. These costs of ownership also will shift to the 
individual, or perhaps in the initial stages of transition, to the 
academic departments in which the new computers will reside. 

The early stage of this shift of ownership is already evident on 
many campuses. Some major university research users of computers are 
now purchasing very advanced minicomputers to perform rather large 
simulation calculations, as well as for special-purpose data reduction 
(e.g., Lykos, 1977). Some of these machines are linked to the central 
computing facility by telephone or cable. It is reasonable to expect 
that the new personal computers, which will be capable of performing 
many of the instructional computation tasks assigned to students, also 
will be interconnected with central computing facilities when the need 
arises (Zinn, 1980). Organizational problems centering around funding 
patterns and operational control will probably increase temporarily as 
the process described above spreads and evolves. However, just as the 
introduction of paperback books shifted ownership of some supplemental 
readings into the hands of students without closing the university 
libraries, central university computing facilities can be expected to 
thrive on administrative and interactive services. Some large data 
bases and simulations used in instruction also will reside in such 
centers. However, the trend is clearly toward decentralized computing 
for instruction. 

Some of the major instructional applications of computers with 
particular emphasis on computer graphics and the potential of the 
videodisc should be highlighted. These will be discussed as useful 
variations on the three instructional goals of ET mentioned earlier: 
1) to lower costs; 2) to individualize instruction; and 3) to provide 
unique experiences (Hooper, 1974). 

Computers to Lower Costs 

Today, few people seriously consider lowering costs an argument for 
computing in instruction. The early literature abounds with 
cost-effectiveness discussions, but any honest comparison of 
computerized teaching costs with conventional teaching costs per hour 
are disappointing, perhaps by a factor of three in the recent past. 
University-based advocates generally employ •anyhow• accounting--•we 
are going to do it anyhow•--when discussing costs. Perhaps the most 
honest cost quote of the day is that from Control Data Corporation for 
its Prograrmned Logic for Automatic Teaching Operations (PLATO) service; 
it is fogged only by a disregarding of the early federal investment of 
over $15 million for system development. A monthly lease of a single 
PLATO terminal with all interconnections and curricula-use charges is 
about $1,000. If used at a normal rate of 125 hours per month, the 
resulting cost is approximately $8.00 per student-contact-hour. Using 
effectiveness as an argument is only partially successful, since the 
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results have been mixed in the larger computer instruction projects as 
will be discussed later. However, few educators doubt that there are 
gains to be made in this area. Hooper (1974) notes that assessing 
•cost-effectiveness is, after all, only a means to an end• and 
•cost-effectiveness arguments generally, are a mine field of good (and 
bad) intentions.• 

The latter point focuses on a major failing of government 
procedures with regard to computers in education to date. No sustained 
effort to enlarge the numbers of educators working on computer 
applications has been undertaken recently. Less then 5 percent of the 
nation's engineering colleges now receive external support to explore 
these issues on a broad scale over time. Rather, until recently, two 
large projects (PLATO and TICCIT) have commanded virtually all federal 
support for almost a decade. Now, these programs also have been forced 
into the marketplace. The initial selling rhetoric for these 
large-scale projects was •cost effectiveness.• If we have learned from 
this recent experience, we will not force educators who seek to apply 
computers to instruction to make premature cost savings claims again. 

At the local level, universities treat computing as an add-on cost 
to traditional instruction. The issues are: 1) what can be afforded1 
and 2) how to get the best utilization of the central facility. The 
value of computing in instruction is generally conceded without much 
study. All major institutions support major computing facilities. 

Computers to Individualize Instruction 

Active learners interacting with a computer-based tutor that can 
diagnose and test, as well as quickly present a variety of sequences of 
instruction, is the goal of computer-aided instruction (CAI) and, to a 
lesser extent, computer-managed instruction (CMI). The approach builds 
on the research on the early progrananed learning machines but adds the 
flexibility of massive computer record keeping of individual 
performance. Thus, CAI also promises interactive course authoring 
based on student performance data. Merrill (1971) discusses the 
components of a cybernetic instructional system in a general manner. 

Sugarman (1978) reviews the state of the art in practice with 
illustrative examples. 

The lure of computer-aided instruction (CAI) is once again 
being felt by those who have maintained their interest in this 
problem-ridden educational tool and believe that advances in 
the technology will give it another chance. In the late 
1960's, it was supposedly going to revolutionize the learning 
processi the best teachers were going to write •courseware• 
(interactive education computer programs) that would be 
nationally distributed. Students would learn rapidly and 
efficiently. However, reality turned out to be quite different 
from the dream - so far. 
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A few people did take the time to study the medium's potential 
and did produce outstanding computer educational material. 
But, CAI development, which has remained in the hands of a 
relatively small community of experts, has yet to develop as 
much courseware as had been predicted. Except for grade-school 
drill and practice, it also has yet to overcome the general 
reluctance of the educational community to adopt it on a wide 
scale. (Sugarman, 1978) 

Appendix D reproduces Sugarman's article, "A Second Chance for 
Computer-Aided Instruction: What Networking Promised But Didn't 
Deliver May be Developed at the Local Level as Hardware Costs Drop.• It 
provides a good summary of the status of CAI today. 

A 1967 review (Bushnell and Allen) cited 26 CAI/CMI projects 
underway at the time. Sugarman's 1978 review cites only nine 
programs. Perhaps the most refreshing change promised by inexpensive, 
widely distributed hardware is the opportunity to expand greatly the 
number of educators involved in CAI and CMI. The educational benefits 
of such an expansion would not be limited to a more rapid dispersion of 
CAI in institutions1 it also would provide many educators with 
experience in one of the most demanding ET tasks, the creation of CAI 
courseware. Interactive authoring of CAI materials based on detailed 
student performance and attitude surveys maintained by the computer 
cannot be simulated in other media. Furthermore, the computer format 
requires explicit organization which can be audited and transferred. 
In principle, the PLATO program allowed this authoring experience to be 
dispersed, but cost and other constraints have prevented wide-scale 
exposure. The federal government should undertake a sustained program 
of funding which would allow educators, particularly those in the 
engineering and physical science areas, to experiment with the 
production of CAI courseware. Such a program should support the 
operating expenses associated with the necessary research, as well as 
prototype equipment purchases. At an annual funding level of $90 
million, a well-managed program could stimulate many fruitful joint 
ventures between educators and equipment manufacturers. 

From Table 1 of Appendix D, note that work is now underway to 
develop a stand-alone PLATO V terminal. Similarly, Heuston (1977) 
reports on work underway by TICCIT developers to produce a 
demonstration of biology instruction on a new videodisc player coupled 
to a microprocessor and keyboard. Perhaps, the conversion of the 
existing courseware to new, stand-alone machines is logically a first 
step. The evaluation results are not persuasive however (e.g., 
Alderman, et al., 1978, with responses), though students clearly •1ike• 
the computerized instruction (e.g., Magidson, 1978). 

Results from a program employing randomly accessed video frames 
from a disc and ITV from a tape were reported by Hayman and Lord 
(1972). This computer-managed instruction (CMI) system used a 
computer-based management strategy formulated from the taxonomy of 
Bloom (1956)1 a mini-computer interface to mass storage (CDC 6400)1 a 
rotating video memory disc to provide 450 video images on the top 
surface and a flying head to search for the required image, and to 
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transfer the signal to the underside of the disc where a fixed 
buffer-head transferred the signal to a 'IV monitor at the student 
station. Brief videotaped presentations were stored on a videotape 
player modified to allow random access and remote control. Although it 
was constrained by yesterday's hardware, this development work also is 
a point of departure for other engineering educators who seek to 
combine video and computing for individualized instruction today. 

The real promise of the videodisc coupled with a microcomputer is 
decentralization. If the hardware costs do not dominate, then 
computer-based courseware production can be widely explored. Recall 
that I'IV hardware costs represent only a small fraction of the total 
cost of video-based instruction. Therefore, inexpensive, local 
courseware development flourishes. Yet, very elaborate I'IV productions 
by the BBC for the Open University also can be justifiedJ these cost 
10,000 times more than a candid classroom production. Now that 
hardware costs do not demand centralization, policy-makers should 
encourage wide exploration of computer courseware development 
procedures. The pool of educators seriously interested in the 
application of computers to instruction would be enlarged most 
effectively by this strategy. 

In late 1975, the NSF sponsored a workshop entitled •Ten Year 
Forecast for Computers and Communications: Implications for Education 
- 198s.• The resulting publication (Seidel and Rubin, 1977) has 
thoughtful articles on the impact of large-scale, integrated circuits 
and storage technology on educational computing systems, as well as the 
impact of improved interfaces with the learner. s. Papert (1977) gives 
a seductive argument on learning environments for children, and he 
concludes: 

Surely I have said enough to make the point that 
formulating the task as design for education in a 
technologically rich future leads very quickly into areas 
of research which are totally neglected, indeed quite 
unsuspected, by the community of professionals in 
'education research and innovation.• There must in the 
world be tens of thousands of people struggling to 
understand what happens in a classroom where children are 
asked to do sums with pencil on square paper. Some of 
them try to improve matters by having the children do the 
same sums on computer terminals. I do not think it is my 
business to criticize or judge the value of all this. But 
I cannot help being overwhelmed by the fact that there 
must be ten thousand or more people doing that for each 
one person who has the other kind of design process of 
which I have tried to give you a glimpse. And I suggest 
that what happens in ten years depends very sensitively on 
whether our society decides that it can afford a small 
shift in this ratio. So perhaps the problem is more 
political than technological. And if the political aspect 
depends on how well we can convey an alternate vision, 
then perhaps it is even more poetical than political. 
(Papert, 1977) 
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It is worth noting that the British apparently have decided on CMI 
as the most promising route. In CMI, of course, the computer may be on 
the periphery of the learning process1 rather, the computer is employed 
as a manager. Records are kept and tests are given, scored, and 
analyzed. Students are routed through course modules on the basis of 
learning ability. 

Computer based learning is now entrenched in the UK1 the 
question is no longer whether it will happen but how it 
will evolve. The major factor is cost. Software and 
hardware are expensive. Computer assisted learning and 
computer managed learning are add-on costs, like 
audio-visual aids and educational television. 
Notwithstanding, the government is betting on them. The 
Council for Educational Technology has been given a 
four-year follow-on grant from the government to 
disseminate and coordinate computer assisted learning and 
computer managed learning, so clearly there is interest in 
maintaining the momentum. (Adams, 1978) 

Some of the old distinctions between CAI and CMI are fading. For 
example, a national conference on CMI held in Chicago in November, 
1974, spent considerable time debating the distinctions (Mitzel, 1974), 
and the first PLATO Courseware Catalog (CDC, 1978) contains courses 
employing PLATO, videotapes, and printed texts. 

A review of the research results from CMI was given by Hawkridge 
(1974). An excellent example of CMI in medical education is reported 
by R. E. Pengov in the proceedings cited above (Mitzel, Part II, 
1974). Pengov describes the Ohio State University College of Medicine 
CMI system, which is used as a supplemental instructional tool on 
campus, as a continuing education delivery system for 15 other 
locations, and as an alternate path through some basic science courses 
for medical students. In the latter mode, CMI is popular with students 
for the time savings it allows through self-pacing. 

Word processing offers another example of computers to 
individualize instruction. In the last few years, the offices of many 
engineering groups in industry and government have added equipment and 
supporting software to assist in the preparation of reports, 
specifications, and many other documents. University faculty engaged 
in research are increasingly employing similar equipment, and in the 
near future they will surely be attracted to the application of word 
processing to assist student engineers in the preparation of 
assignments. The automatic recognition of misspelled words alone will 
relieve the instructor of a time consuming task. Many other features 
of word processing are sure to be exploited by faculty who have this 
equipment to assist them in their work. 
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Computers to Provide Unique Experiences 

Engineering education abounds with examples in which computing 
does, indeed, provide unique experiences. Hooper attempts to catalog 
these as follows: 

• Get first-hand experience of more realistic problems and 
experiments, without the student getting bogged down in 
mathematics and data analysis1 

• Explore and practice numerical approaches to problem solving, 
thus complementing traditional analytical procedures, and, 
given these numerical techniques, the student can then tackle 
the more realistic problems1 

• To integrate different approaches and disciplines in an 
authentic, multivariate, simulation model1 

• To develop skills of synthesizing as well as analyzing (circuit 
design may be best learnt by designing circuits rather than 
analyzing circuits already designed)J 

• To close the gap between theory and practice, lecture and lab 
session, by being able to manipulate in practice theoretical 
concepts, changing, for example, the input values and 
parameters of a given model to test a given hypothesis1 

• To develop problem-solving skills particularly with regard to 
decision-making, for example in the planning of scientific 
experiments or in the carrying out of a medical diagnosis1 [and] 

• To perform simulated experiments which are expensive, 
dangerous, time-consuming, impossible to do in the normal 
science teaching laboratory. (Hooper, 1974) 

Clearly the above partial listing of unique educational experiences 
made possible by computing illustrates the almost endless variety of 
instructional goals which could be catalogued. In the opinion of the 
authors, these educational uses of computers are both the most fruitful 
and, from the point of view of external support, the most neglected 
applications of computing. The examples provided in the following 
subsections are illustrative only and are given in the hope that they 
will convey some of the excitement which knowledgeable experts share 
for the role of computing in providing unique learning experiences. 

Problem Solving, Simulation, Laboratories: If personal, or at 
least much less costly, computing systems become widely dispersed in 
engineering colleges, the faculty who would direct the use of these 
facilities to improve instruction could profit from the following 
insight. 

For the undergraduate curriculum in mathematics., physics, and 
engineering, and most other sciences, the maximum return on a 
modest investment of developmental effort comes from work in 
problem-solving, simulation, and laboratory data analysis, in 
that order. Furthermore, I contend that work in these 
computational uses leads to a qualitative improvement in the 

Educational Technology in Engineering

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/19644


64 

teaching of the essential subject matter of these courses, in 
that it makes some central concepts possible to teach that were 
not possible or very difficult before. Third, I contend that 
these three categories of use develop in the student a sense of 
mastery of a powerful general tool. And, finally, I contend 
that these uses, which are student-dominated rather than 
computer-dominated, are more in keeping with the liberal 
tradition of inquiry. (Luehrmann, 1971) 

Outside of science and engineering education, one might sustain an 
argument that computers must be progranuned by teachers to become a part 
of the educational process. However, the very practice of engineering 
is being changed dramatically by computers, so student proficiency in 
computing per !!. is a universal goal. 

Affordable, stand-alone hardware has the potential of improving the 
transferability of courseware from institution to institution. The 
cost of courseware development will progressively become the dominant 
cost of computing, because hardware costs are rapidly declining while 
labor-intensive courseware is becoming more expensive. Perhaps the day 
will come when, in order to transfer an attractive instructional 
program, an educator will simply purchase the specific machine employed 
by the developer and negotiate a lease or purchase of the desired 
courseware. This approach would assure transferability. Of course, 
this approach is essentially the inverse of all efforts to date, such 
as CONDUIT (1977). 

To guide educators through this transition, federal officials 
should design a number of new programs aimed at encouraging the 
transfer of courseware. These diverse efforts might include 
sponsorship of the following: consumers' unions to evaluate courseware 
which is operational on specific machines in specified disciplines, and 
to publish findings (Braun, 1977)1 lectureships to enhance personal 
knowledge transfer among educators in a discipline who are in different 
institutions1 workshops and summer institutes for faculty at leading 
regional institutions1 and media-based, short, packaged courses for 
educators to use for in-service training, with laboratory experiences 
designed around popular stand-alone equipment. 

The initial impact of the personal computers may be centered in 
high schools. The efforts of Truxal and Braun, SUNY-Stony Brook, to 
influence minority students in grades 9 though 12 was mentioned 
earlier. They have found that simply making a personal calculator 
available on loan to minority students in Chicago high schools (with no 
formal instruction) stimulated a very significant improvement in 
mathematics performance (Diehl, 1978). Others have reported similar 
findings (Suydam, 1978). More recently, Truxal and Braun have been 
experimenting with PET 2001 microcomputers in three Chicago high 
schools, and, in one instance, the machine is transported from the 
school to a neighborhood youth center after-hours and on weekends. 

In the simulation mode, the computer becomes a device to simulate 
physical reality in the form of governing equations, laboratory 
experiments, or probabilistic processes. Thus, simulation applications 
of the computer can be as varied as the historical role of 
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experimentation has been in the education of engineers. The computer 
is, of course, not a substitute for some real laboratory experiences. 
Instead, the simulations are most effective when coupled with 
traditional experiments to provide experience with a wider range of 
variables or to illustrate theories about microscopic behaviors that 
are not directly observable. An outstanding example of the power of 
computing in improving microscopic insights was published by Rahman and 
Stillinger (1971). This pioneering effort to simulate liquid water at 
the molecular level has stimulated many more investigations on the 
modeling of matter (e.g., Lykos, 1978b). In this same vein, Deardorf 
(1970) simulated three-dimensional turbulent channel flow using the 
basic time-varying equations of motion to provide a detailed insight 
into this complicated phenomenon, an insight that was not available 
before the advent of today's computing power. Computer-generated 
movies or videotapes may be used to summarize this research work for 
students (Science, 1978). And, in the future, expanded capacities in 
local computers may enable classes to interact with these models in a 
laboratory manner as well (Wilson, 1975). 

The gap between industrial practice and the university laboratory 
is widening rapidly. The emergence of powerful new measuring 
instruments and control devices is outpacing the equipment budgets of 
universities. Each of the new industrial instruments has a 
microprocessor and digital memory as an integral part of the device. 
Many of the instruments have built-in data analysis programs which 
alter the traditional lab procedures fundamentally. These same 
instruments are being employed by engineers in practice to assist in 
the automation of industrial processes and machinery (Oliver, 1977). 
Indeed, young graduates with skills in the applications of these 
•intelligent• instruments are in greatest demand today. Yet, unless 
more effective funding mechanisms are developed, the engineering 
colleges will become progressively more poorly equipped to offer 
instruction with modern instrumentation: This hardware problem should 
be addressed by industries concerned with the manufacturing and 
application of the new generation of instruments. Perhaps the National 
Research Council could study the issue and make recommendations for 
needed actions, such as new government incentives to bring university 
instruction in this area up to acceptable standards. 

Combined Media for Case Studies: Bell and Brenchley (1972) use the 
case study approach to involve students in conununity environmental 
problems. They created a data base for a reference community to defuse 
local political implications and to minimize time lost searching for 
data. The case contains 200 pages of descriptive information on such 
topics as government, public works, health and welfare, socio-economic 
conditions, climate, commerce and industry, and recreation. The file 
also contains 25 figures and 46 tables. Historical data trends are 
given, and city and county environmental health ordinances are 
included. This rather massive file is used as the basis for several 
computer simulation games: 
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• Air pollution - •Air Quality Display Model,• (Environmental 
Protection Agency, Washington, D.C., 1969, there are later 
versions of APEX as well)r 

• Water quality - •simulation of Water Quality in Streams and 
Canals - DOSAG-1,• (Pub. 202-974, Texas Water Development 
Board, September 1970)1 

• Solid waste management - •DISCUSS - A Solid waste Management 
Game,• (A.J. Klee, !!!!_Transactions, Vol. GE-8, No. 3, July 
1970). 

The integration of these activities into a conunon, transportable format 
requires massive data and program storage. The entire effort might be 
given additional motivational impact by selective use of ITV. 
Instructional programs such as this are good candidates for videodisc 
systems. 

Interactive Graphics: Computer-aided design (CAD) is a unique 
experience that is hard to simulate without interactive graphics. Most 
computers today are operated in a batch-job environment for economic 
reasons. This may maximize machine utilization, but it can result in 
very inefficient use of human intellectual power. Braun (1977) likens 
it to •blowing into a clarinet or plucking a banjo string and waiting 
till tomorrow [be fair: a half hour!) to hear the note you played:• 
When interactive computing is aided by graphic displays, the learner or 
designer has a powerful tool (Bork, 1974). The research literature is 
not convincing in this matter, but few educators doubt the 
effectiveness of graphic presentations. The major deterrent to 
utilization to date has been the relatively high cost of hardware for 
computer graphics. Appendix D gives some illustrations of current 
use. With few exceptions, most use of computer graphics on campus has 
been in conjunction with research projects due to the expense involved. 

Bork (1977) outlines the technical requirements for an effective 
graphic system for instruction, and, looking at the potential of the 
videodisc at the 1975 conference cited previously, he states: 

Although the developers of videodisc systems have thought 
primarily of using the videodisc for bringing movies into 
the home, such videodiscs, used in stand-alone systems, 
could have a combination of video sequences, audio 
sequences, slides, and computer code, all on the same 
inexpensive disc. Thus, a videodisc might hold a 
complete elaborate teaching dialog that the student 
employs at a stand-alone display, complete with slides, 
video sequences, and the necessary computer code. Or, it 
might contain the code for a full language, such as APL, 
along with a full set of materials, including video and 
slides, for learning that language. Thus, the videodisc 
would allow a full multimedia approach, combining the 
computer with other media. 
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Finally, I want to state strongly my belief that meetings 
such as the current one are absolutely essential. 
Educational computer use is still, I believe, in a very 
early stage. We must look very carefully into the 
future, seeing the technological possibilities and trying 
to mold developments in directions conducive to use in 
learning environments. Often, pedagogical uses of 
technological devices have followed the technology; for 
effective educational use, this is the wrong order. It 
is important to examine desirable futures from the 
standpoint of improving learning environments and to 
influence the development of the technology to create 
these environments. I am particularly suspicious of 
arguments from technology, arguments which go along the 
lines of 'I have a very powerful piece of hardware,' or 
'I have a very powerful software idea.' The sensible 
approach is to start from actual learning and teaching 
problemsi these then should influence the hardware, 
languages, and computer techniques. (Bork, 1977) 

Rensselaer Polytechnic Institute (RPI) has made a major investment 
in interactive computer graphics in engineering education. Wozny 
(1978) argues that: 

The real key to computer graphics is giving students 
enough time on the machine. The computer is nothing more 
than a dynamic extension of their textbook. Just as 
students generally require several readings before fully 
understanding a concept, they should be accorded similar 
access privileges to a computer. An effective facility 
must be large enough to handle such a demand. 

Computer graphics is effective in engineering education 
because it emphasizes intuition rather than exact 
calculations. For years, engineering students used 
computers simply to get answers expressed to 10 decimal 
places. In order to understand the underlying 
relationships, the student generally had to print a number 
of solutions during one computer run and then try to 
interpret the tables of numbers or the crude plots from 
the line printer. Computer graphics overcomes both of 
these shortcomings because: (1) an interactive system 
must provide fast turnaround by definition; and (2) its 
drawing and plotting capability is of high quality. Thus, 
graphics gives a student immediate reinforcement in a 
natural conversational graphic mode. Refresh graphics 
adds the capability of animation. The pedagogical 
significance of changing with a light pen the location of 
a single charged particle in an electric field with other 
charged particles, and watching all the field lines move 
as if they were rubber bands cannot be overstated! The 
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pedagogical advantages of computer graphics in perspective 
are: 

• visualization (one picture is worth a ••• ) 
• animation (motion) 
• interactiveness (what if?) 
• intuition (instead of exact calculations) 

As stated earlier, the trend in industrial design is 
toward increased use of computer graphics. Several 
industries have documented large savings when graphics is 
used. Graphics offers the design engineer the ability to 
interact, evaluate, and modify designs directly in the 
graphics mode. In certain areas where the product is well 
understood, designs bypass the experimental verification 
stage entirely and go directly into production: In 
effect, the computer solution via graphics becomes a 
pseudo-experimental verification. 

Industrial advantages for using graphics are: 
• eliminates expensive experimentation 
• reduces time between design and production 
• provides required human intervention in complex 

designs 
• reduces engineering design time thru 

human/computer optimization. (Wozny, 1978) 

The article cited above also describes the use of imported software 
in electronic circuit analysis, finite element structural analysis, 
digital filter design, integrated mechanisms, and multivariable systems 
design. The .!!!.! rather than the coding of these complex programs is 
stressed. Some engineering educators place so much emphasis on 
analysis and coding that students often are deprived of the opportunity 
to use a completed package in a design mode. The RPI facility also 
supports development work on new programs. 

The need to develop facilities with similar purposes at each 
engineering college is a pressing issue in engineering education 
today. The creation of a national interest group or association, 
perhaps within the American Society for Engineering Education (ASEE), 
would be a beginning step. However, at least a dozen prototype 
facilities should be funded throughout the nation in the next one to 
three years to serve as organizational and operational models, as 
clearinghouses for vendors and educators, and as centers for the 
creation of outreach materials aimed at informing educators within a 
given discipline or region. The task is too large and important not to 
design a dispersed support system for both educators and administators 
to encourage the rapid, meaningful development of interactive graphics 
and computing in engineering education. 
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Goals for Computing 

Unfortunately, the introduction of computing is highly fragmented 
in most colleges, and a student's experience depends largely on the 
particular instructors contacted. The engineering student's exposure 
to subject matter is highly structured, the curricula is the product of 
much local faculty discussion and is carefully reviewed by external 
accreditors. But, the role of computing rarely receives this 
attention, despite its impact on student learning. Computing is not 
neglected today, just rarely coordinated. 

Faculty profitably could spend more time discussing the curricula. 
To stimulate a fresh look, Lykos (1975) encouraged faculty of the 
Illinois Institute of Technology to use M. F. Rubinstein's book, 
Patterns of Problem Solving (Prentice-Hall, 1975), as a point of 
departure. Roles for computing then could be put into the general 
framework of problem solving. The participating faculty engaged in a 
computer-based laboratory which used a modern simulation language, 
GASP-IV (Pritsker, 1974), to acconunodate the modeling of discrete 
state, continuous state, and hybrid systems. 

Some examples of instructional computing today may be found in 
these references: Blum, et al., 19711 CONDUIT, 19771 and Zinn, 1980. 
The u.s. Naval Academy also should be cited as an institution which has 
made an intensive effort to employ the computer for instruction. Adams 
and Rogers (1975) review the efforts made in Annapolis in engineering 
education. Some recent work on computer-augmented video systems for 
instruction at the Naval Academy was published by Pollack (1978) and 
Prestia (1978). 

Research Applications 

No attempt will be made to cite the countless applications which 
computing has today in engineering research at universities. It is a 
rare graduate student who does not employ the computer in some fashion 
in research. Computer movies, cited earlier, may be an output that 
could be transferred readily to instruction, and, of course, ideas from 
research are carried by the professor to the classroom. 

University-based researchers probably will face a new set of 
facility problems in the coming decade. Faculty demands to 
decentralize instructional computing will divert university funds from 
the central computing facility. Therefore, few universities will have 
the funds necessary to upgrade the central facility so that local 
computers might keep abreast of the power made possible by inexpensive 
microelectronics. The local administrative goal is more likely to be 
the maintenance of existing central computing services at a lower cost 
in order to permit funding of decentralized instructional facilities. 
The net effect probably will be to stagnate the •upper end" of the 
computing power available to many university researchers. 

Chemists have recognized the problem outlined above already, and, 
with the support of the Department of Energy (DOE) and NSF, have 
created a National Center for Computation in Chemistry at a DOE 
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facility in Berkeley. Approximately $6 million was invested over a 
three-year period in this facility which is built around a CAC 7600. 
Background information about the events which led to this federal 
investment in chemistry ~esearch may be found in Bigeleisen, et al. 
(1975) and Gilbert, et al. (1974). This facility is now in a 
phasing-down stage and may cease operations in the near future. On the 
other hand, the National Center for Atmospheric research in Boulder, 
Colorado, successfully operates a CRAY-1 for university and resident 
staff. Clearly, engineering research could benefit from a few regional 
centers as well. Each should operate very large-scale, user-oriented 
computing facilities, emphasizing a specific engineering discipline. 
The National Academy of Engineering should undertake a feasibility 
study to provide specific direction. 

Impediments 

Many of the past impediments to computing in education are 
traceable to the relatively high cost of hardwarer therefore, most 
universities want to maximize utilization of a central facility. Denk 
(1976) reviews current practices at universities under five support 
categories: technical and systemsr materialsr personnelr faculty 
training1 and availability, both economic and administrative. The age 
of "Big Blue,• on which Denk reflects, soon will be yielding to 
decentralization that will bring a new set of issues. At the policy 
level, some concern is expressed about the lack of government programs 
and policies regarding computing. 

Due to major investments made several decades ago, the 
u.s. is the worldwide leader in computer technology. 
However, due to our laissez-faire approach to the support 
of technological innovation, other nations are now 
challenging that position. They are systematically 
investing large sums of money in computer research and 
are restructuring their educational systems to emphasize 
computing so they may exploit the full potential of 
computers in all segments of their societies. 

Some feel that our current national policy, or the lack 
of one, will greatly affect our Nation's future level of 
productivity and our world position in science and 
technology for many years to come. Many feel that we 
must undertake an urgent, comprehensive review of our 
national policy toward technological innovation and with 
it our policy toward academic research, development, and 
instruction in the use of computers. (Molnar, 1977) 
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IV. 
HUMAN AND ECONOMIC IMPEDIMENTS 

The organizational and environmental impediments to more rapid use 
of educational technology (ET) must be recognized. Broadly 
categorized, these impediments are of two kinds: limited human 
resources and limited economic resources. 

Fourth Revolution Delayed: On Campus 

Any frontal attack aimed at increasing capital investment in ET 
and reducing operating costs by replacing teachers is doomed to 
failure in higher education. Faculty involvement in institutional 
governance is erratic, a product of a highly decentralized community. 
Taken as a whole, it would be a rare university that would opt for 
large-scale adoption of ET. In fact, university budgeting procedures 
generally preclude the economic trade off, because all capital goods 
are expensed the year of purchase. The goal of improving education at 
a reasonable cost, or of improving productivity at the course level 
(as described by Willey, Appendix B), is not only politically safer to 
advocate, but also it is the wisest approach to take, given the lack 
of persuasiveness of ET to date. In our public school systems, upon 
which taxpayers have a rather direct impact, thousands of teachers did 
not return to work for the 1978, 1979, and 1980 school years, and at 
least a half-million students were out of school for awhile in 
Philadelphia, Boston, Chicago, Cleveland, New Orleans, Seattle, and 
elsewhere. The disputes between school boards and teachers seemed 
unusually angry. Rhetoric flourished1 solutions did not. 

In the post-Sputnik era, taxpayer contributions to 
education have doubled, tripled, quadrupled, while test 
scores of high school graduates suggest we are turning 
out products with an intellectual capacity somewhere 
between animal and vegetable. (Buchanan, 1978) 

This is not a good environment for innovation, however desirable we 
consider such a goal. 
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Affordable instructional technology is now being produced for 
direct purchase by the learner. Hand-held calculators are an excellent 
example. The value of the device is so apparent that essentially every 
engineering student owns one. The half-inch videocassette machines, 
videodiscs, and personal computers are being produced today by 
manufacturers in an attempt to create a consumer market in addition to 
an institutional market. Speak and Spell is an exciting new $50 
learning aid from TI (Texas Instruments) that teaches children how to 
spell by pronouncing each word, then interactively grading and scoring 
the learner. It is built around a voice synthesizer on a single chip, 
a technology that will spawn a flood of new TI (Texas Instruments) 
products that can talk (Business Week, 1978). 

Commercial mass marketing directly to the learner has not been 
seriously considered an alternative for ET before. All previous 
studies have assumed an introduction through institutional budgets and 
classical curricula (e.g., Tickton, 19701 PSAC, 19671 Carnegie 
Commission, 19721 and Bugliarello, 1974). The pattern described is 
circular: the high cost of software1 the 1ack of effective national 
distributionr and, hence, little development of software. 

Special purpose devices with fixed algorithms, like Speak and Spell, 
are an attractive alternative, if the special purposes that are 
developed happen to include the items you wish to learn. A device like 
the read-only videodisc in its present configuration, however, is a 
good example of how a technology can easily be designed for the 
marketplace in such a way as to preclude wide-scale development of 
courseware in higher education. The technology of making a •master• 
clearly must be modified, if wide-scale development of instructional 
materials is to proceed. Nevertheless, ten years from now, a review of 
current ET activities surely will include many more examples because 
the hardware is becoming much more affordable and a new generation of 
young instructors will have an impact. 

The focus away from hardware, which may come inexpensively in great 
variety, and toward the instructional goals for ET will surely benefit 
all. Discipline research is now accepted by engineering faculty as a 
way of life, a never ending process, because external funding has made 
wide-scale participation possible. Faculty time, graduate assistants, 
support staff, as well as specialized, ever-changing hardware are 
annually allocated in peer-reviewed, national competition. Efficiency 
is rarely an issuer instead, the quality of the endeavor is judged for 
its intellectual and, in engineering at least, its practical value. 
There is great diversity. 

The external stimuli for this revolution in campus activity is not 
a secret1 the revolution could not have been wrought by formula 
funding, by a single agency, or at a small fraction of the cost that 
has been incurred. While there are key national centers for certain 
specialized facilities and •think tanks,• research policy-makers have 
generally sought wide participation and have found talent throughout 
the nation. Professional meetings, publications, and awards support 
local efforts. 

The integration of ET in universities to improve education should, 
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like discipline research, be· process-oriented, not product-oriented; 
should be a sustained effort, not the product of occasional Requests 
for Proposals; and should involve many more talented people than it 
does today in work ranging from immediate local applications to basic 
research in artificial intelligence. Compelling demonstrations of 
instructional technology will become commonplace once the level of 
human effort reaches a certain threshold and the hardware is 
distributed widely (Lipson, 1977). 

Yet, more external stimuli are essential. Most state universities 
are embedded in a bureaucracy which bears a great resemblance to social 
service programs. More often than not, innovation is actively 
discouraged when there are negative budget incentives for increased 
productivity. Private universities are constrained by tight budgets 
and, of course, by federal regulations which pervade all of higher 
education. Caretaker styles of university administration prosper 
today. Therefore, foundations and agencies that want to encourage the 
appropriate use of ET should pay careful attention to organizational 
situations. Indeed, the use of not-for-profit corporations, perhaps 
with close university ties, should be explored. 

Rothenberg and Morgan (1975) report on two case studies of 
innovation in the educational service sector: •sesame Street• and the 
Children's Television Workshop; and Patrick Suppes' computer-aided 
instruction (CAI) work in the Institute of Mathematical Studies in 
Social Sciences at Stanford as well as in the Computer Curriculum 
Corporation. The studies provide details on the nature of the problem 
and the history of the innovation, the subsector or environment, the 
initiating unit, the innovation, techniques affecting adoption, the 
adopters, the users, and the impact of the innovation. In both of 
these successful ET efforts, the need arose for a new organizational 
structure. 

Engineering Education: Off Campus 

Fortunately, most outreach programs are so new that bureaucratic 
constraints are far less inhibiting than in other areas of university 
endeavor. The cardinal rule is pay-as-you-go, i.e., self-sufficiency. 
Hew enterprises often display considerable entrepreneurial spirit in 
carrying out their missions. The client for off-campus extensions of 
graduate education and continuing education appears willing to pay for 
services delivered. Similarly, foreign programs have well developed 
funding sources. The problem areas which require continual subsidy 
include programs aimed at junior colleges, at high schools, and at 
promoting public understanding of technology. 

Resource sharing between colleges in technology-based outreach 
programs should be encouraged. Consortia of engineering schools such 
as the Association for Media-Based Continuing Education for Engineers 
(AICEB) may prove effective agents of campus change as well as 
suppliers of educational services to practicing engineers at their job 
sites. Can the faculty resources be effectively pooled through the 
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.VCEE organization and the use of modern cormnunications technologies? 
If so, the interaction of engineering faculty with engineers and 
managers who engage in these graduate and continuing educational 
programs could provide an operational link between practioners and 
educators that has long been missing. 
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v. 
SUGGESTIONS FOR IMPROVEMENTS 

This concluding section is divided into two parts. The first, 
Critical Issues, deals with a set of general concerns and 
institutional issues. To the extent that the three issues identified 
are judged to be valid, a set of criteria to evaluate specific 
educational technology (ET) programs and initiatives might be 
formu1ated. Clearly, no single set of activities will eliminate the 
overall problems, but each proposed program could be assessed by the 
extent to which it trains and rewards faculty, improves the quality 
and dissemination of materials or resource sharing, and encourages 
non-bureaucratic responses. The final section sunanarizes the 
suggestions for improvement which were integrated into the text. 

Critical Issues 

James D. Koerner provides a valuable insight into the inunediate 
future of ET. From 1970 to 1976, Koerner served as manager for the 
Technology in Education program of the Alfred P. Sloan Foundation. 
During that period, the foundation made about eighty grants totaling 
approximately $8 million. He is optimistic, noting that: 

Conununications technologies are steadily infiltrating the 
instructional programs of colleges and universities and 
[experience] suggests that they will do so in the future 
at an accelerated pace. The question is simply one of 
how long it will take for technology to become an 
intimate and integral part of the higher education 
scene •••• To speed the development process, certain steps, 
implicit in the foregoing discussion, need to be taken in 
higher education. (Koerner, 1977) 
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Training and Rewarding Faculty 

Like all other technology, ET requires key human resources for 
implementation. The appropriate adoption of ET is seriously hindered 
by a historical lack of a broad-scale, sustained effort to enlarge the 
number of talented individuals working with media. 

One essential step for the future is for colleges and 
universities to find ways of multiplying manyfold the 
number of faculty members experienced in and committed to 
development work. That is an expensive and time-consuming 
step, and the difficulty of taking it is suggested by the 
fact that not a single recognized center now exists 
anywhere in the country to which interested faculty 
members from other institutions could be sent for what 
might be called basic training in educational technology. 
(Koerner, 1977) 

Academic faculty lacking personal exposure to effective appli­
cations of ET are often less than enthusiastic about non-traditional 
instruction methods. To the extent that this is a product of natural 
conservatism, then engineering faculty react no differently than do 
other faculty. However, to the extent that issues associated with the 
design and operation of hardware configurations and systems are 
involved, then engineering faculty have a natural advantage over other 
disciplines. Furthermore, engineering faculty have shown more 
willingness to take risks in discipline-oriented research than their 
colleagues in the sciences. Stimulation of meaningful interests in 
pedagogical issues is essential. 

Improving Materials/Resource Sharing 

Many believe that improving the quality and dissemination of 
materials, i.e., resource sharing, is the most important problem. 
Individuals working alone rarely have the tenacity or resources to 
sustain the effort necessary to produce high-quality course materials 
in modern media. Small instructional teams, including talented 
graduate students, are more likely to succeed. 

If means could be found in the future to permit the 
sustained development of the teaching materials, the 
•software,• of educational technology, one of the 
principal problems of the field might be solved. It is 
trite but true to say that the hardware of educational 
technology has always outrun the software1 the hardware 
continues to do so today •••• A great deal of new software 
has been developed ••• , but most of it represents no more 
than a first-try effort by the scholars involved, with 
all of the imperfections that first-try efforts in 
education normally have. 
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Not widely appreciated is the fact that the 
transformation of instructional material from the 
conventional format of book and blackboard to one in 
which the substance is conveyed to unseen students by a 
variety of machines is an exceedingly demanding, 
frustrating, and time-consuming task. Even determining 
the kind of topics that lend themselves best to 
presentation by each kind of device is a problem 
requiring a good deal of experimentation, and when solved 
may be successful with only certain kinds of students. 
Once developed, a software program needs, but rarely 
gets, an extended series of trials and tests. 

Although the barriers to the extensive sharing of 
materials are several, the main one is clear: the first 
requirement of adoption of technology-based software is 
that there be something worth adopting; not many 
first-round efforts at developing software are. Software 
must therefore become a great deal better than most of it 
now is before it will have a chance of being actually 
used very far beyond home base. To that end, foundations 
and other organizations that support development work 
might now consider financing fewer projects for longer 
periods of time. Ten years is not too long to support a 
major project to produce materials that have been tested, 
revised, retested, and again revised, and to make a clear 
demonstration of their effectiveness. If long-term 
support for large projects is not forthcoming, 
educational technology will continue to develop in the 
haphazard and redundant fashion of the past. (ibid.) 

Far more attention should be paid to understanding the reactions of 
students to media. Creating environments for acceptance of ET by 
campus students is more complex than it may appear. Systematic 
exploration of the factors affecting student attitudes should be 
encouraged, and the results of these studies periodically summarized 
for educators. Effective ET will surely have to combine the 
utilization of higher quality courseware with more knowledge about how 
to solicit favorable student attitudes. 

Mission-oriented organizations that involve subgroups of faculty 
from several universities offer the potential of sustained external 
guidance and stimulus. Consortia such as the Association for 
Media-Based Continuing Education for Engineers (AMCEE) provide 
assurance of continuity of effort regardless of changes in personnel at 
individual institutions. Similar resource-sharing organizations might 
be created to develop computer-aided design (CAD) instructional 
materials for engineers, to create media for case studies of 
engineering practice, to provide instructional films in professional 
ethics, and to carry out mediated instructional programs overseas in 
conjunction with foreign universities. 
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Encouraging Non-Bureaucratic Responses 

Few, if any, educators expect to become rich in their work. 
Financial incentives for faculty are not well developed in ET, and care 
needs to be taken to ensure that a reasonable marketplace is created, 
one which recognizes individual and group efforts. Perhaps equally 
important to faculty are professional incentives and recognition. A 
conscious effort to enhance the professional esteem of ET activities 
should be a part of all programs. 

Faculty generally perceive the university press as a prestigious 
institution closely tied to a commitment of scholarship. Chester Kerr, 
Director of the Yale University Press, is quoted in a lighthearted 
moment as saying, "We publish the smallest editions at the greatest 
cost, and on these we place the highest prices, and then we try to 
market them to people who can least afford them. This is madness!" 

Might it be possible to raise the level of faculty commitment to ET 
by creating a selected number of modern ET •presses"? Rather than 
monographs, these media-based publishers could specialize in the 
production of high-quality courseware, integrating creative university 
staffs in video and computation with master teachers and their 
cohorts. Librarians could be trained to maintain central facilities on 
each campus to expose students and faculty to outstanding examples of 
ET. In time, these modern university •presses• could provide the 
institutionalization and prestige which today's ET efforts lack. 
Equally important, an entrepreneurial spirit could be wed early to what 
could become authoritative outlets for creative ET work. Endowments 
creating these new organizations would help assure not only initial 
working capital but also needed autonomy. 

Suggested Actions 

A number of suggestions are included in the text in conjunction 
with the discussion of a particular application of a technology. Table 
7 summarizes these recommended actions together with one new 
organizational concept which would involve all aspects of ET in 
practice. Table 7 is an array of both on-campus and off-campus 
applications which uses the vertical columns for specific applications 
and horizontal rows for specific technologies/organizations. The 
divisions involving "new• and •existing• are somewhat arbitrary but are 
included to help differentiate the more research-oriented tasks from 
those which could be undertaken as developmental implementations. 

Since the primary purpose of this report is to provide a critical 
evaluation of the ET literature with respect to its applications to 
engineering education. The authors' suggestions as outlined in Table 7 
are made throughout the report and are summarized here in the hope that 
they will serve as stimuli for thoughtful consideration and, perhaps, 
even action. The principle suggestions, listed in order of priority, 
are: 
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TABLE 7 
SUMMARY OF SUGGESTED ACTIONS 

Existing Applications New Applications 

On Campus Off Campus On Campus Off Campus 

Build pool of knowledgeable Extend high quality gradu· Increase use of personal ET 
educators using ET for local ate and continuing aduca· in programs for minority 
course improvement; studies tion nationwide through students in grades 9-12. 
of productivity and student AMCEE. (pp. 9; 46-47; 65-66; 
attitude toward ET. (pp. 59·62) 97-98) 

(pp. 7; 91-93; 108-114) 

Create prestigious centers of ET, "university video· 
presses," as new models for production of high quality 
course materials. (pp. 8·9; 56; 115) 

Encourage consortia to pro· 
duce media for case studies 
instruction in engineering 
design and professional 
ethics. (pp. 11·12; 43-45) 

Fund twelve prototype 
centers for instruction 
in computer-aided design 
and manufacture. 

(pp. 7·8; 100·104) 

Fund an independent study Test use of satellites Initiate a forecast of the Undertake the negotiations 
of modern instrument and and modern communication issues and public policies and feasibility studies to 
equipment problems of technology in the AMCEE related to new consumer- make cooperative programs 
colleges of engineering task above. oriented ET. of postgraduate engineering 

(pp. 10·11; 98-99) (pp. 9-10; 75·81; (p. 11) education available to for· 
110.111) eign nations by satellite. 

(pp. 10; 69; 116) 

Undertake feasibility study Design new agency pro-
for the creation of several grams to encourage trans· 
regional centers of compu· fer of knowledge and 
tation in engineering courseware in ET. 
research. (pp.11;97) 

(pp. 13; 105-106) 

...i 

"" 
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1. The number of talented individuals working with ET needs to be 
enlarged greatly in order to increase the impact of powerful new 
delivery systems. 

• Government agencies should design funding programs which 
encourage broad-scale, diversified development and testing of 
ET courseware in various media at the local course level. 
Although some basic instructional research in artificial 
intelligence and other, similar areas should be funded, major 
support should be given to improving local courses and to 
productivity studies. The purpose of these programs would be 
to involve many more faculty, nationwide, in meaningful ET 
activities. 

2. The unique learning experiences provided by combining 
interactive computing with individual graphic displays, although rarely 
practiced today, should be widely available to engineering students. 
Courseware in computer-aided design and simulations of computer-aided 
manufacturing need to be created for all engineering disciplines. The 
colleges that pioneer in these endeavors will incur equipment costs and 
software development expenses. (Although the cost of equipment is 
currently high, it is likely to decline in the future.) To provide 
incentives for the immediate initiation of such programs, it may be 
necessary to subsidize a first generation of facilities. Follow-up 
federal programs also may be necessary several years later to ensure 
widespread availability of computer graphics equipment. 

• At least twelve prototype computer graphics centers should be 
funded in the next two years at selected engineering colleges. 
These centers would serve as regional models for the 
organization and operation of interdisciplinary facilities, as 
clearinghouses for vendors and educators, and as developers of 
outreach materials for engineering educators nationwide. 
External funding of these pioneering centers might require 
one-third to one-quarter local matching funds. A second round 
of facility grants to ensure the general availability of 
computer graphic equipment might involve as much as a SO 
percent match by colleges and universities. 

3. Videopublishing gives the university a distinctly new 
opportunity to serve the practicing professional. Hew organizations 
are needed to undertake this task. These new university •videopresses• 
would bring together the human resources: master teachers1 manuscript 
editors1 video production staffs1 and computer software experts. All 
of the marketing and distribution skills of the traditional publishing 
house are necessary. Early efforts in videopublishing should provide 
visible models which combine both the scholarly prestige and the 
entrepreneurial spirit of the traditional university presses. 

• Several university videopresses should be endowed at 
universities having both a strong commitment to continuing 
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education of professionals and the media expertise to set high 
standards of quality. These new enterprises would provide a 
creative outlet for faculty everywhere and encourage the 
development of modern instructional programs under the guidance 
of skilled staff. 

4. Modern communications technologies one day may make extensive 
resource sharing a reality in higher education. Early efforts should 
focus on non-threatening domains in order to elicit maximum faculty 
cooperation. The AfCEE consortium brings together the resources of 22 
universities which have major investments in regional ITV systems 
designed to provide both graduate and continuing education programs to 
engineers at their job sites. New conununications technologies could be 
introduced into universities most effectively through mission-oriented 
activities such as those proposed by AMCEE. 

• An operational plan to test the cost effectiveness of 
cODDDunications satellites should be funded to provide engineers 
with the following educational services at their job sites: 
national delivery of graduate credit courses in a coordinated 
program initially involving 10 AfCEE universities1 delivery of 
continuing education short courses1 and teleconferencing 
between originating sites to provide for direct faculty 
exchanges, special seminars, and technical meetings. Studies 
should be undertaken to involve ethnic minority colleges of 
engineering in activities of their choosing. 

s. Technology exchange with foreign nations wishing to provide 
opportunities for engineering postgraduate study in the United States 
could be accomplished by means of satellite interconnections and 
cooperative arrangements between AfCEE colleges and foreign 
universities. 

If satellites are used to extend u.s. engineering postgraduate 
education overseas, the keyword is cooperation. The details of the 
operations need to be negotiated with foreign educators and officials 
to ensure that the organizational configuration, the academic programs 
offered, and the assignment of academic responsibilities are 
distributed in a mutually agreed upon manner. Fuller (1978) argues 
that higher education might well be a major u.s. export industry in the 
future because America enjoys the opportunity of a lower real economic 
cost due to its existing institutions and its leadership in 
cODDunications and scientific research. The preliminary studies 
conducted by the Association for Media-Based Continuing Education for 
Engineers (AfCEE) show such operations to be technically feasible. The 
advantages of offering high-quality educational opportunities in the 
homeland of the student warrant the investment necessary to employ 
modern cODDunications technology as the backbone of the· system. 

• Post-graduate study programs offered by u.s. engineering 
colleges might be transmitted overseas via satellite. The 
potential advantages of high-quality educational qpportunities 
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available in the homeland of the student may warrant the 
investment necessary to employ modern communications technology. 

6. Campus instructional laboratories are rarely equipped with the 
powerful new measurement instruments now found in industrial practice. 
University equipment budgets have not kept pace with the emergence of 
modern devices, and this problem is becoming more acute each year. 

• An in-depth study of the equipment problems of colleges of 
engineering should be undertaken, perhaps by an industrial team 
sponsored by the National Research council. Recommendations 
might include government incentives to industry, as well as 
emergency programs to overcome what has become a massive 
problem of hardware acquisition. 

7. The decentralization of instructional computing appears 
inevitable. This transition will bring many new problems in funding 
and operations to campuses7 it also will bring unparalleled 
opportunities to integrate computing into the students' experience. 

• Federal agencies should design a number of new programs to 
expedite the transition to decentralized computing. These 
diverse efforts might include sponsorship of the following: 
consumers' unions to evaluate machines and courseware7 visiting 
lectureships, workshops and summer institutes1 and media-based, 
packaged, short courses for in-service training of teachers. 

8. The case study method of instruction is gaining popularity in 
engineering as an effective way of bringing practical design problems 
into the undergraduate curriculum. Television or films have been shown 
to add realism and a stimulating emotional dimension to an otherwise 
highly abstract instructional program. However, very little media is 
now in use in engineering instruction. 

• Foundations should explore the creation of working consortia or 
nonprofit organizations to produce high quality films and 
videotapes in support of case study instruction, especially in 
engineering design and in professional ethics. 

9. ET has made possible engineering-related programs for students 
in both rural and inner-city high schools. Films produced by industry 
that give an orientation to engineering, introductory computer courses 
delivered by videotape, hand-held calculators, and personal computers 
all have been employed successfully in gaining the interest of ethnic 
minority students. More effective and universal programs now might be 
planned based on the experience gained to date. 

• The use of ET in attracting, motivating, and preparing ethnic 
minority students and others who are educationally 
disadvantaged in grades 9 through 12 should be extended. A few 
university-based centers could supply materials and information 
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to the many programs which are now sponsored by businessmen and 
educators regionally. 

10. Decentralization of instructional computing may preclude the 
upgrading of university central computing facilities. University-based 
researchers may find it difficult to participate in the powerful 
advances being made in super computers. 

• The National Academy of Engineering (NAE) should sponsor a 
feasibility study on the creation of several regional 
computation centers for engineering research. 

11. The rush to create a consumers' market in ET will probably have 
a profound impact on learners of all ages. Yet, this literature survey 
uncovered no systematic study of the implications of this development, 
nor were articles found that address the issue of how educators and 
schools may react. 

• The NAE should update its 1974 study on issues and public 
policies in ET in the light of current trends and forecasts in 
hardware delivery systems. 
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APPBHDIXBS 

Each of the following four appendixes expands on an important facet 
of the role of modern technology in engineering education. 

Appendix A: A recognized authority on instructional media, Wilbur 
Schramm, summarizes what he gleaned from a review of many research 
studies of instructional television (ITV). Schranan concentrates on the 
way the subject matter is presented and the instructional strategies of 
ITV, i.e., what the teacher and the producer can do within the program 
to help viewers learn. 

Appendix B: Productivity is an economic concept often used by the 
makers of public policy. Productivity may also be the most flexible 
framework for evaluating what BT does when it is applied at the local 
level. 

In 1974, Lawrence v. Willey, Jr., studied operational applications 
of computing in instruction. The purpose of the inquiry was to define 
instructional productivity in practical terms and to identify examples 
in which computing demonstrably improved instructional productivity. 
This concept is not well understood by educators. Perhaps, these 
examples will help. 

Appendix C is an enjoyable account of the history of textbooks, the 
first education technology (BT). Viewed in this context, today's 
educator is more flexible toward BT than usually thought. 

Appendix D: IEEB Associate Editor, Robert Sugarman, surveys the 
status of computer-aided instruction (CAI) in the August, 1978, issue 
of SPECTRUM. Be gives a balanced view of past problems and successes, 
and focuses on the possible impact of the new •intelligent videodisc.• 
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APPENDIX A l f' e..le. v r-:,, en"' 
WHAT RESEAICH SAYS ABOUT ITV {~ ( :r 115-tr" "' (. ' , " I' (.. I ) 

w. Schramm 

Quality in Instructional Television 
The University Press of Hawaii (1972) 

•Recall some of the details in which complexity, fanciness, 
costliness of programming have been shown not necessarily to 
contribute to learning: 

Color seems not to increase learning unless color is what is 
to be learned or unless it is the best means available to code 
some discriminations that are to be learned. 
A big screen seems to be of no advantage to learning if the 
ordinary television screen can be seen clearly enough to pick 
out the details that are to be learned. 

-- Students like a •talkback• system, but seem to learn no more 
with it than without it. 
Visual embellishments do not usually help learning unless 
(like directional arrows) they can help organize content that 
is not inherently well organized or (like animation) help a 
viewer to understand a process or concept that is very hard to 
understand without such simplification. In other words, 
visual embellishments 2!!:_!.!_are not especially useful in 
instructional material. 
No advantage has been demonstrated for existing 
three-dimensional projection. 
No learning advantage has been demonstrated for •professional• 
or •artistic• production techniques such as dollying rather 
than cutting, key rather than flat lighting, dissolves, wipes, 
fades, etc. 

-- Eye contact seems not to contribute to learning, although it 
may contribute to persuasion. 

-- There is very little evidence that narrative presentation 
ordinarily has any learning advantage over expository or that 
adding humor adds to learning effect. 

Remember that we are talking about learning, not liking. Some of 
these complexities may cause a student to like a program better, and 
in special cases any of the special treatments we have mentioned may 
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contribute also to learning. But for the most part, the research 
encourages us toward a simple rather than a complex or fancy style. 

Another part of the literature also has implications for 
simplicity and economy. This is the group of experiments that casts 
doubt on the greater effectiveness of two channels over one in 
presenting essentially redundant material. This research suggests 
that the auditory channel may be more effective with simple than with 
complex material, whereas the visual is likely to be more effective 
than the auditory with complex material; and that there seems to be 
little learning advantage for an audiovisual treatment over a visual 
one as long as the program is carrying as much information as the 
student can process and as long as the two channels are basically 
carrying the same information. 

These later experiments deserve the consideration of educators and 
instructional broadcasters. They challenge us to analyze more 
carefully the uses of ITV that do promise a reliable advantage over a 
single channel, and the most effective ways we can go about presenting 
non-redundant information on the two channels. Furthermore, they 
challenge us to reconsider the tasks for which we can efficiently use 
the less expensive single-channel media -- radio, slides, filmstrips, 
sound tape, or even (pardon the word:) print -- in place of more 
expensive sound films and television, which in many cases may have 
less advantage than we had thought. 

The chief positive guideline that emerges from the research is the 
usefulness of active student participation. Concerning that we have 
been able to report impressively consistent results. Participation 
may be overt or covert1 spoken or written or done through practice 
with a model or a device1 button pushing or asking or answering 
questions, or finishing what the instructor has begun to say. 
Different forms are more effective in different situations. Whatever 
the way in which students are encouraged to practice the desired 
responses, in most cases this activity is more effective if the 
students are given immediate knowledge of results -- that is, told 
whether their responses are correct. 

There are a number of minor points in the literature that will be 
of interest to practitioners: when subjective camera angle is of aid 
to learning, the useful number of repetitions, and the usefulness of 
rest breaks are three that occur to me at the moment. It is 
unfortunate that research has not found out more in a general way 
about some of the big questions, like the organization of 
instructional television programs and the qualities of an effective 
ITV teacher. In general the literature is not at a very high level of 
generality. Findings must always be applied in terms of the nature of 
the instructional task, the situation, and the learners. And we are 
still at a stage when it pays richly to try out pilot programs and 
test the effectiveness at least of a sample of ongoing programs 
against the criterion they are expected to reach. 

But at least two straightforward guidelines stand out from the 
research papers we have reviewed. Effective television can be kept as 
simple as possible, except where some complexity is clearly required 
for one task or another1 students will learn more if they are kept 
actively participating in the teaching-learning process. Simple 
television: active students.• 
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APPENDIX B J 
[i_NQUIRY REPORT: COMPUTERS AND INSTRUCTIONAL PRODUCTIVITY 

Lawrence v. ljtlley , Jr~ 
International Business Machines Corporation 

Bethesda, Maryland 
May 1, 1975 

Details about examples of improved instructional productivity due to 
the use of computer technology: 

1. Robert L. Bishop 
Department of Journalism 
University of Michigan 
Ann Arbor, Michigan 

Application: Journalism Computer Assisted Instruction 

Inputs: Computer programs for specific exercises, general 
stylistic analyses, spelling checks, and storing of 
performance data. A programmed book for 
self-instruction. Video tapes on writing, 
interviewing, reporting on public opinion polls, 
and laws of libel. 

Production: Student articles analyzed by computer for key words 
or phrases, accuracy checks, and some libel 
exposures. In addition, sentence/paragraph lengths 
and use of passive verbs, descriptive adverbs, and 
wordy sentences are evaluated. comments are 
printed out about each sentence (if applicable) • 
Students rewrite articles on the basis of comments. 

Outputs: Student time saving, i.e., 14 weeks to complete 
course with JCAI compared to 20-25 weeks before 
JCAI. Subsequent student performance, i.e., 
students who completed prerequisite journalism 
course with JCAI scored 1/2 grade point higher in 
subsequent writing course than students who had 
journalism course without JCAI. Avoidance of cost 
increases, i.e., enrollment had been doubled with 
no additional faculty (computing costs $10 per 
student/semester in comparison with $1500 for each 
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teaching assistant and $4400 for each faculty 
member assigned to the course). Faculty 
efficiency, i.e., faculty correct 1/2 to 1/3 less 
papers and devote time saved to helping students on 
an individual basis. 

Available from the Center for Research on Learning 
and Teaching, University of Michigan, 109 East Main 
Street, Ann Arbor, Michigan 48104. 

2. William A. Shrode 
College of Business 
Florida State University 
Tallahassee, Florida 

Application: 

Inputs: 

Production: 

Outputs: 

Business Data Processing 

Computer programs for concept drills and quizzes, 
progranuning language skills, and banks of 
questions. Reorganization of course and laboratory 
to accommodate additional students. 

Students take diagnostic quizzes and drills in 
basic course concepts to reinforce text materials; 
complete exercises in programming; and use 
computer-generated questions to test understanding 
of units. Computer provides immediate evaluation/ 
feedback on quizzes, drills, exercises and tests 
and relates drills/exercises to individual needs to 
students. 

Costs avoidance, i.e., course is taught with 1 1/2 
less faculty members (equivalent) than would be 
required without computer with no significant 
change in student performance. 

3. Jo Ann Harris Bowlsbey 
Education Department 
Carroll Hall 
Western Maryland College 
Westminster, Maryland 

Application: 

Inputs: 

Computerized vocational Information System (Based 
exclusively on experiences at Willowbrook High 
School in 1973-74) 

Data bases of individual student information; 
educational institution characteristics, program 
requirements etc; and occupational descriptions, 
expectations, prerequisites, etc. Computer 
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programs for student/counselor access and 
interactions with data bases. 

Students explore on an individual basis with 
terminals educational and occupational 
opportunities. Based on data from their past 
records, students examine feasibility of 
alternative educational and career plans. Computer 
relates educational and occupational information to 
each student's attributes. 

Increased student attendance, i.e., 133 1/3% more 
student contacts with guidance services in a year 
through computer/counselors than with counselors 
alone. Cost avoidance under the above conditions 
for •information giving• functions, i.e., $1.92 per 
student contact with computer compared to $12.97 
per student contact with counselor. 

Harris, Jo Ann, •The Computer: Guidance Tool of 
the Future,• Journal of Counseling Psychology, 
1974, Volume 21, Number 4. 

4. Gerald R. Kissler 
Office of the Chancellor 
University of California Los Angeles 
Los Angeles, California 

Application: 

Inputs: 

Production: 

Outputs: 

LABSIM Simulation Program, 1971-1973 
(Based exclusively on experience at Washington 
State University) 

Computer programs for batch and interactive data 
generation, certain statistical procedures, and 
recording student work. Nine models illustrating 
basic psychological principles. 

Students select experimental designs, number of 
samples to be run, and values for independent 
variables. Computer determines values of dependent 
variables, means, standard deviations and t-tests. 
Error messages and checks of student selection of 
variables also provided by computer. 

Cost reduction, i.e., from conventional lab 
instruction of $180 to $80 for interactive 
simulation and $2 for batch simulation per 
experiment for a class of 25 students. In 
addition, student time was saved and types of 
experiments conducted were expanded with 
simulations. 
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Kissler, Gerald R., •Evaluation of Computer-Based 
Laboratory Simulation Models to Teach Scientific 
Research Strategies,• Behavior Research Methods 
and Instrumentation, 1974, Volume 6, Number 2. 

Department of Psychology 
University of Michigan 
Ann Arbor, Michigan 

Application: 

Inputs: 

Production: 

Outputs: 

EXPER SIM Data Generator 

Computer programs for generation and analysis of 
data1 and portable computer terminal. 

Students design experiments, formulate research 
strategies, and perform analysis of data. 
Instructors enter variables in computer programs to 
be used by students. Data are generated by 
computer for student to test hypotheses, to modify 
research strategies, and to draw conclusions. 

Cost avoidance, i.e., per student computing costs 
for course of $7 is less than half similar cost for 
physical lab (without computer simulations). 
Controlled experimental study showed EXPER SIM 
significantly more effective for student learning 
(as measured on local content tests) than 
traditional class discussion/critique writing 
approach. 

6. J. Peter Williamson 
Amos Tuck School of Business 
Dartmouth College 
Hanover, New Hampshire 

Application: 

Inputs: 

Production: 

Business Investment Course 

Special test on analytical theories and techniques1 
sets of cases and problems1 computer programs1 
banks of financial data on corporation, mutual 
funds, etc1 and manuals for using programs. 

Students analyze past financial performance data 
and compile/compare portfolios. They compute 
investment values of stock1 test techniques for 
determining stock profitability and price/earnings 
ratios1 and calculate relative merits of bond 
purchases/sales. 
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Course content improvement, i.e., students' 
understanding and use of advanced techniques for 
analysis and problem solving (simulation, modeling, 
etc.). Added student efficiency in terms of 
greater individualization of student work1 
increased number and types of cases/problems 
completed by students and reduction in student time 
for routine computations. Increased student 
knowledge of real current investment problems 
rather than textbook exercises. 

Williamson, J. Peter, •susiness Administration 
Instruction Systems: Experience at the Amos Tuck 
Graduate Business School.• CoDDDents for EDUCOM 
Spring Conference, 1973. 

7. Russell v. Skavaril 
Department of Genetics 
The Ohio State University 
Columbus, Ohio 

Application: 

Inputs: 

Production: 

outputs: 

Computer-Based Introductory Statistics 

CAI modules with handouts1 and computer programs 
for generating exercises, data analyses, 
statistical calculations, and student 
record-keeping. 

Students individually complete questions in modules 
and analyze data in related lab work. Additional 
text materials, practice problems, review questions 
and optional quizzes can be prescribed for each 
student to supplement module and lab work. Student 
quiz scores are maintained along with instructor 
evaluations of students. 

Student efficiency, i.e., students using 
computer-based instruction completed course in 30t 
less time than students using conventional 
lecture/laboratory approach with no significant 
differences in student performance on final 
examinations. Course content improvements: (a) all 
students using computer completed course materials 
prior to final examinatons while students using 
conventional instruction did not, and1 (b) 
computer-based lab included more sets of data (both 
in number and type) for student analysis than 
conventional lab could offer. 
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Skavaril, Russell v., •computer-Based Instruction 
of Introductory Statistics,• Journal of 
Computer-Based Instruction, August, 1974, Volume 1, 
Number 1. 

8. Catherine E. Morgan 
Computer Assisted Instruction Program 
Montgomery County Public Schools 
Kensington, Maryland 

Application: 

Inputs: 

Production: 

Outputs: 

9. Victor Thomas 

Computer-Managed Mathematics (Geometry) 

Special diagnostic and criterion tests. Computer 
programs for scoring tests, prescribing 
assignments, and keeping student records. 
Reorganization of units into clusters to provide 
for individualization and accommodate additional 
students. 

Students may opt to take diagnostic tests before 
each unit for placement. Thereafter, they read 
text material, complete related assignments, and, 
at computer terminals, take criterion assessment 
tests on those objectives for which they have shown 
mastery of the prerequisites. On the basis of 
performance, students are re-cycled to additional 
materials on objectives not mastered or advanced to 
the next cluster of objectives. Computer scores 
tests, prescribes assignments, and keeps records of 
students on individual basis. 

Increased student attendance, i.e., 40% more 
students have been placed in computer-managed 
mathematics class than were assigned to 
conventional classes with no loss in their 
achievement. Standardized achievement test scores 
were also significantly improved for underachieving 
students in the computer-managed course. Personal 
attention to students by teachers has been 
increased significantly. Increase in class size 
displaces cost of terminals and communication with 
school buildings but does not cover other program 
expenses. 

Newark Board of Education 
Newark, New Jersey 

Application: Arithmetic Proficiency Training Program 
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Computer programs for diagnosis, practice, and 
testing of arithmetic skills, and for instructional 
management and student record keeping. Computer 
terminals. 

Students are placed individually in skill sequences 
based on performance on diagnostic tests. They 
develop new skills by completing drill exercises in 
small incremental steps. Mastery of specific 
skills is tested before students advance. Computer 
provides immediate feedback on students on 
exercises and tests. It controls assignment of 
exercises and tests, and compiles records for each 
students. 

Student attendance, i.e., average attendance rate 
of students in program was 96i, compared to 89i for 
their entire school. Standarized achievement test 
growth, i.e., students using APTP advanced 1.6 
years in computational skills in eight months, 
while control group of students advanced 1.0 year 
during the same period. Subsequent testing showed 
that above test gains made by students using APTP 
were maintained. 

10. G. c. Jernstedt 
Department of Psychology 
Dartmouth College 
Hanover, New Hampshire 

Application: 

Inputs: 

Production: 

Individualized Psychology Course 

Special writing and discussion assignments for 
students on basic course concepts. Academic 
assistants for evaluating student papers and 
discussions. Computer programs and support for 
maintaining individual student records and 
estimating future student requirements. 

Students individually relate basic course concepts 
to novels by writing a series of nine 300-word 
papers. Mastery of each concept is demonstrated in 
papers before students advance. Papers and 
discussions are scored by academic assistants and 
entered in computer. On the basis of student 
scores, computer provides •expectancy requirements• 
in terms of trials and time necessary to complete 
successfully remaining papers. Students receive 
scores and above information within 24 hours after 
submitting each paper. 
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Student attendance, i.e., enrollment has increased 
from average of 50 to 195 students per class. 
Student efficiency, i.e., students paced their 
assignments more evenly during the course and felt 
grading was more accurate than they had experienced 
with traditional instruction. Test scores, i.e., 
on essay exams students using computerized 
(individual) approach scored significantly higher 
than students using traditional approach. 

11. Allen c. Kelley 
Department of Economics 
Duke University 
Durham, North Carolina 

Application: 

Inputs: 

Production: 

Outputs: 

Individualized Economics Course 
(Based on experiences at University of Wisconsin in 
1971-72) 

Student data base including aptitude and 
achievement test scores, math background 
information, previous record in economics, etc. 
Survey questionnaires developed on course 
objectives, content, etc. Computer programs for 
scoring survey forms, applying decision rules, and 
generating assignments/reports. 

Students fill out weekly survey forms covering 
reading materials and lectures. Reports of survey 
forms are printed for each student, teaching 
assistant, and instructor. Assignments are 
suggested in student reports on individual basis. 
Reports to teaching assistants and instructor point 
out strengths and weaknesses for improving 
effectiveness of instruction. 

Test scores, i.e., students in individualized 
course using computers scored 15i higher (average) 
on final examinations than students in traditional 
course (without computerized individualization)*. 
Lower achieving students scored 19i higher on exams 
with computer than those students without 
computer. Follow-up testing one year later 
confirmed that the above test gains were 
maintained. Student enrollment, i.e., 23i more 
students from individualized course selected 
economics as their major than those from 
traditional course. 

*Done with control and experimental groups of 
matched students. 
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12. James C. McKeown 
College of Commerce and Business Administration 
University of Illinois at Urbana-Champaign 
Urbana, Illinois 

Application: 

Inputs: 

Production: 

Outputs: 

Computer Assisted Elementary Accounting 

Computer programs for presenting instructional 
materials and problems, generating unique sets of 
data to be used in problems, and providing 
individual diagnostic/remedial routines. In 
addition, the programs are designed to record 
student performance and control assignment of 
materials and problems. 

In conjunction with reading regular text materials, 
students complete problems individually at 
terminals. Computer responds to student answers 
and presents subsequent data and questions in 
appropriate sequence. Assistance in completing 
problems is given through terminals with 
introductory materials and diagnosic routines. 
Additional explanatory materials and problems are 
provided for students who need further help. 
Instructors receive records of student performance 
for follow-up. 

Test results, i.e., students using computer 
assisted accounting scored 9-10 points higher on 
182-point final examination than did students 
taking same course without computer assistance 
(significant at .01 level). Student efficiency, 
i.e., students using computer assistance completed 
homework assignments in 10(24%) to 14(33%) hours 
less than students without computer did. In 
addition, computer-assisted students completed 19% 
to 31% more homework problems than other students 
within the above time periods. 

Estimate per student contact hour cost S.62 
(exclusive of development, maintenance, personnel, 
or space costs). 

13. Gerald G. Robine 
120 Special Education Building 
The Pennsylvania State University 
University Park, Pennsylvania 

Application: CAI Special Education Course 
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Dedicated computer system including terminals and 
programs to provide questions/responsesr to test 
achievement/performancer and to maintain and 
produce student records. 

Students follow diagnostic teaching models by 
interacting individually with terminals. They 
identify characteristics of children and select 
appropriate techniques, materials, and strategies 
for working with particular children. Computer 
responds immediately to each student and generates 
questions for his tests and examinations. Complete 
records of each student's performance in the course 
can be produced by the system. 

Test results, i.e., in comparative study of matched 
groups, students using computerized approach scored 
24' higher on final examinations (criterion) than 
students who took conventional course {primarily 
lecture/discussion). This difference was 
statistically significant at .01 level. Student 
efficiency, i.e., students in same study who used 
computer assisted program completed course in 33• 
less time than those in conventional program. Per 
student computing costs for the course (exclusive 
of equipment) was $20 to $40, which compared 
favorably to standard tuition of $96 for the course 
(in-state students) • 

Cartwright, Carol A., Cartwright, G. Phillip, and 
Robine, Gerald G., •cAI Course in Early 
Identification of Handicapped Children,• 
Exceptional Children, February, 1972. 

Chicago Board of Education 
Chicago, Illinois 

Application: 

Inputs: 

Production: 

Computerized Drill and Practice Reading 

Dedicated computer system including terminals and 
programs which provide exercises and feedbackr 
maintain student records, and print reports. 
Special inservice training program and teaching 
assistants to help regular classroom teachers. 

Students work individually at computer terminals 
for 20 minutes each day. They complete diagnostic 
tests, drill and practice exercises based on those 
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tests, and mastery tests. Computer responds to 
each student's answer, keeps track of his 
performance, and controls presentation of 
appropriate questions to him. Detailed reports of 
each student's performance are given by computer to 
individual students (their own only), classroom 
teachers, and school administrators for evaluation 
and follow-up. 

Test scores, i.e., average student gain on 
standardized achievement tests in reading of 1.1 
years in eight months. Added costs for above 
inputs were more than offset by this test gain, 
because no other compensatory program for 
disadvantaged children produced such results in 
reading. 

Bone, Jan, •Turning on with CAI,• American 
Education, November, 1974. 

15. Thomas H. Kent 
Department of Pathology 
College of Medicine 
University of Iowa 
Iowa City, Iowa 

Application: 

Inputs: 

Production: 

Computer Management 
General and Systemic Pathology Courses for Medical 
Students 

A bank of multiple-choice test items developed and 
shared by many institutions. Computer programs for 
creating and managing the bank, for producing 
Coursewriter III unit tests from the bank of 
questions, for tracking and summarizing student 
progress in the course, and for analyzing student 
test results to produce test and item performance 
statistics. 

Faculty specifies course tests for the bank of 
questions, and the items chosen are reformatted 
into Coursewriter III unit tests. Students advance 
on a self-paced basis through the course. They 
order their tests by unit content area and the test 
versions that cover the topic specified are 
assigned randomly by the computer. At any time 
during the course the supervisor may order a 
summary of student progress. At the end of the 
course, test and item performance statistics are 
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produced from a computerized analysis of student 
records. 

Faculty and staff efficiency: In the General and 
Systemic Pathology Course in 1974, 85 exams of 
predictable difficulty levels were prepared for 
student practice and course evaluation. 
Approximately 4,000 individual exams were 
administered during the 1974 academic year. 
Student satisfaction and efficiency: Students show 
a strong preference for self-paced course work1 95' 
favored self-pacing in the GP Course in 19741 86' 
in the 1974 SP Course. On the average students 
completed the didactic units 3 l/2 weeks before the 
end of the course. There was no decline in student 
performance (and possibly some improvement). 
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APPENDIX C 
t!sE UNIVERSITY AS VIDEOPUBLISHER OF LAST RESORT] 

c. B. ~en 
Cable Television and the University 

Proceedings of the Conference 
(January, 197 4) 

THE TRADITIONAL THINGS OF LEARNING 

Education has been religious in purpose far longer than it has been 
secular, and that legacy is important in instructional procedure, and in 
instructional mediation. The monastery and the cloister gave us 
campus-based instruction, not the moveable feasts of itinerant scholars and 
their students (the medieval open university, if you please) but fixed 
instructional plant, high walls, trees, and residences for scholars and 
students. The tutorial emerged directly from catechism; indeed the magic 
classroom size (30) emerges from Talmudic instruction, as Alvin Eurich 
has stated.2 As it was with the campus, and with the lecture, so it was with 
instructional things. The substance of learning was recorded by the 
prevailing labor-intensive technology, and the scribes devoted lifetimes 
first to accurately copying the text and later to embellishing the page. 

Perhaps the immediate ancestors of university publishers were these 
scribes attached to monasteries, charged with the obligation to preserve 
the precious libraries of handwritten books by making meticulous 
handwritten copies, often adding decoration and embellishment. The 
copying of text was done with great care, exhaustively proofread (for 
errors might involve heresy), then given headings and title pages of suitable 
graphic grandeur, and, finally, bound. The glorious era of handwritten 
manuscripts and bound books was a massive step forward from previous 
devices for preserving thought and carrying it over distances in time and 
space; and the orderly procedures of proofreading and editorial care which 
were then followed continue to this day to preserve a text from one time 
and place to another. 

The first textbooks - that is to say, those works studied or consulted 
in the process of instruction for whatever purpose - were copied books; 
they correspond to the modes of encoding then prevalent, but were not 
widely used. They were costly, cumbersome, perishable, and for all these 
reasons, access to them was highly restricted. It was the lawyers, who 
consulted text far more than the churchmen, who for reasons of 
convenience first changed the structure of written compilations from the 
roll to the book as we know it, with pages bound along one edge. 

If the scribes were the scholarly publishers of their day, the 
antecedents of the publishers of textbooks may be found in the university 
students of former times who sought to provide their own low-priced 

113 

Educational Technology in Engineering

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/19644


/ \ ,' \ ' ' If 

114 

copies of the classics. The historic role of the teacher in an early university 
was to read aloud from the classics at dictation speeds to gatherings of 
students. Rashdall, the great historian of medieval universities, suggests 
that the lecture then came to be divided into two parts: first, the reading 
of the text so that students could copy it, and second, selections of the 
most significant passeges within the text and commentary upon them. 
Later Odofredus, lecturing (the word dervies from the Latin, /egere, to 
read) at Bologna in the early thirteenth century, augmented the dictated 
text as follows: "First, I shall give you summaries of each topic before I 
proceed to the text; secondly, 1 shall give you as clear and explicit a 
statement as I can of the purport of each Law; thirdly, I shall read the text 
with a view to correcting it; fourthly, I shall briefly repeat the contents of 
the Law and any distinctions or subtle and useful problems arising out of 
the Law with their solutions.3 

Students, as enterprising then as now, quickly came to make 
arrangements with stationers who for a fee copied lecture transcriptions, 
or booksellers who rented out copies of full sets of transcriptions for the 
year. So much for the Italian line of descent for our textbook publishing. 
The other great university of that time, Paris, " ... had its own statute on 
lecturing. Here the intention is to prevent the student from taking full 
notes - to prevent the publication and distribution of the masters' 
property. A later statute indicates the reaction of the students [to this 
early application of the principles of copyright] : 'scalars who throw 
stones at masters who speak too rapidly are to be fined.' ''"' The genealogy 
of textbook publishing thus had a proper combination of Italian 
enterpreneurship and French concern for proprietorship; it remains only 
to observe that so little changes with time. 

As I have noted, education has been religious far longer than it has 
been secular. To the educational monopoly of the early Church, the 
monastic schools, that secular substance came first in the Norse sagas, the 
Song of Roland, and the Nibelungenlied; and finally into this cleft 
marched the whole of the classical past - Greek philosophy, Roman law. 
The medieval university, a scholastic institution embracing both the 
Christian and the classic past, was born. Its masters and students, bound 
by religious observation and practice, lived communally. It was poor, but 
portable; and although relatively free from constraining forces of the 
church, the state, or the local populace, such fragile institutions were given 
sanction by both pope and emperor, which meant that a degree from any 
one institution was acceptable throughout Western Europe. Teachers, 
students, and indeed, whole institutions, could move at will from place to 
place. The substance of the programs of these universities is of less concern 
to us than their teaching methodology, and, most pertinent, their use of 
instructional materials. For all faculties - theology, law, medicine, and 
philosophy -

... The method was the same. In theology it consisted in acquiring the 
summa, the total body of the logical knowledge gradually worked out 
in the system of the theological doctors. In medicine, it was the 
learning of the medical body of knowledge laid down in the system of 
the Hippocratic-Galenic tradition. In jurisprudence, the student 
learned the body of the Roman and Church law. And in the 
philosophical faculty there was a regular body of Aristotelian and 
mathematical knowledge which was considered authoritative. In a 
word it was the textbook method. The books were meticulously 
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divided into puncta (periods?), and professors were fined at Bologna if 
they did not reach the proper points at the proper time.5 

Thus, working thmugh a subject, relieved regularly by discussion, and 
after rigorous examination (the baccalaureate examination at Paris lasted 
some televe hours, through which the candidate remained standing), a 
student moved to his successive degrees. Specialities developed; one went 
to Salemo for medicine, Bologna for law, Paris for theology. But the full 
flowering of instructional use of the conserved word awaited the 
invention, or at least the application, of the new technology of movable 
type. 

An historical view of the evolution of the textbook illumines the 
universe of other instructional thinp. From the beginning, the textbook 
offered substance, that body of learning was to be conveyed across time 
and space from mentor to student. But it also came to offer a structure, 
the instructional strategy of presentation. The textbook was, and is, a 
highly ordered learning instrument; it presumes a curriculum and conserves 
its subjects' place therein. It creates a lesson plan or syllabus to guide both 
teacher and student. It offers interaction, through questions and answers, 
study or research assignments, suggestions for further reading and 
integration of further reading with the text. And increasingly it came to 
offer evaluation, self-administered examinations to quizzes, to help the 
student find his way through the lesson. If the elements sound familiar -
substance, structure, strategy, performance measures - it is because the 
textbook from mid-nineteenth century America to much of the world 
today constitutes not merely the foremost, but the solitary instructional 
"thing" used by most teachers. Teachers have been trained to use 
textbooks; they enjoy the freedom to chose or select among many 
optional texts; they may adapt their course work from greater to lesser 
conformity with the substance and arrangement of a given text; and, 
critically, they hold the prospect of creating their own text if none exists 
to serve the course as they wish to teach it. 

Contrast this with the circumstance facing visual (read video) 
courseware or textbooks: Teachers are not trained to use non-print 
instructional stuff. There is little organized distribution and supply of 
non-print material. An instructor is constrained to use the non-print 
material as given, if at all, and further constrained in time, place, physical 
circumstance, and other logistical concerns. Further, if no such material 
exists for his course, he is constrained by skills and cost from creating his 
own; it is as though each instructor who wished to write a textbook were 
obliged to take his ideas to the bazaar and hire a scribe to set down the 
text, and then never see mass reproduction of the copy, but rather other 
handwritten copies. 

Thus, the elements which have defeated instructional television and 
frustrated the full visual and textual presentation of subject matter, 
whatever the field of study, are still with us. We have infinitely increased 
the speed and flexibility of text copying; from moveable type, the 
invention of the typewriter, the production of mass market editions of 
texts, and the growth of better copying devices, text and graphic 
presentation of subject matter have been vastly enhanced. The ·constraints 
upon the non-print media, constraints of entrepreneurship, proprietorship, 
originating or authoring competence, mechanisms for inexpensive 
reproduction, widespread distribution, and resulting economics of scale 
resulting in lower cost - all these still constrain lie the non-print media. 
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APPENDIX D 

APPLICATIONS 

Computers 

A second chance for 
computer-aided instruction 

What networking promised but didn't deliver 
may be developed at the local level as hardware costs drop 

The lure of computer-aided intcnaccion (CAI) is once 
lpin bcina feh by lhose who have maincained !heir in­
tercsc In Ibis problem-ridden educational tool and believe 
dW advances in the technolosY will slve ii another 
chance. In the me 1960s, ic wu supposedly 1oin1 to 
revolutionize the lamina process; the best taichen were 
eoinl to write "couneware" (interKtive educational 
computer proarams) thal would be nationally distributed. 
Studenu would kun npidly and efficiently. However, 
rmlity turned out to be quite different from the 
dram-so far. 

A few people did take the time to study the medium's 
potential, and did produce ouutandina computer educa­
tional material. But CAI development, which bu remain­
ed In lhe hands of a relmively stnall community of ex­
perts, has yet to develop u much couneware u bad been 
predicted. Exc:epc for arade-tchool drill and prac:cice, ic 
al,to bu yet to overcome the aencral reluctance of the 
educational community to adopt ii on a wide scale. 

Consider Plato, for example-J>roaram Loaic for 
Automated Trachln1 Operations. It is by far the 1araest 
pncral-purpose CAI installmion. (Plmo development 
centers, as weU as ocher major CAI lites, are listed in 
Table.I.) Plato is both an interactive network for deliver­
m, CAI, and, via iu proarammm, Janauaae (Tutor, 
which is derived from Fonran), a means of lesson writiq. 

Ac:cordm, to ic1 orislnator, Donald Bitzer, llOllle 16 000 
boun of CAI-Rimed material have been created for 
Plato, of which about 4ClOO houn are used rcaularly for 
CAI. But those 16 000 houn repraent a total of 500-800 
thousand houn of writin1. And where do the "1ood" 
4ClOO houn ao? They are used primarily at Plato's oriainal 
lite at lhe University of 1Uinoi1. The university also ser­
vices I IS ldclitional lites, tboqh in thole areas terminals 
tend to be few and far between wilh a total of 1100 ter­
minals in the system-an averqe of less lhan ten per site. 
Half or the Illinois proaram material (2000 boun) is 
distributed by the Control Data Corporation (CDC), 
which maintains a Pmo time-share network and also tries 
to sell complete systems to other usen. 

The only ocher complete Plato system in active use is at 
the University of Delaware, where 1wo lhirds of the ter­
minals and computers are now bcina used just to develop 
new material. Another alternative, time-shared CDC 
Plato at Sll30 per month per terminal for unlimited use, 
bu been used for c:omnicrcial trainina proarams but bu 
had few subscribers in a school system, accordin1 to 
CDC. 

Even with this demonstrated market resistance, Dr. 

Bitzer foresees a nationwide network of u many u a 
miUion CAI terminals. At the rate of SO hours of writina 
per hour of couneware for an experienced author, ex­
dudiq support services, dW represents a lot of 
work-especiaUy when, by Dr. Bitzer'• estimation, the 
amount of couneware increases exponentially with the 
number of terminals. 

Eat•bllahlng CAI go11la 
Many feel lhat lhe solution to future CAI arowth is not 

limply fmanc:ina an army of CAI aulhors. A better way, 
the say, would be to find the areu in which CAI is most 
effective, and lhen devise some effective tool for c:reatin1 
and testina Sood courseware addressed to those areas. 
This more or less wu the substance of a March 1978 
repon, "Computers and the Leamina Society," prepared 
by the Subcommittee on Domestic and International 
Plannina of the House Committee on Science and 
TechnolOIY· 

Such couneware 1oals are not made easier by lhe diver­
sity of CAI components and educational models. Amons 
the elements in a sample CAI proaram may be dialogue, 
problem solvina, simulation, drill and prKtice, explora­
tion, quizzes-indeed, aU the components dW 10 into 
classroom kuninl processes. Even lhe same mix of 
material may be presented in tot.Uy different ways, 
clependin1 on the educational philosophy of the authors. 

So far, testina for CAI efficacy bu not shown that CAI 
for aencral education is superior to any other means of 
trachiq, exc:epc for drill and practice. But even if CAI 
were found to be merely a cost-effective educational sup­
plement and superior to humans only under certain well­
defined conditions, these limitations miaht not hinder iu 
future acceptance if they were clearly stated. 

The problem with evaluatiq Pmo courseware u a 
whole, in this context, is not ils qualicy. It is that Tutor, 
lhe Plato coune-sencratinl lanauaae, wu deliberately 
clesiped to be used without any undcrlyiq instructional 
stratqy bciq built in; in that way, every author could 
provide his or her own pedaaogical features. The stratqy 
worked well in lhat a reuonable amount of material 
was-and still is-aenerated by many different authon. 
or course, approval for Pmo wu lhus built up amo111 
the authoriq peer aroup. However, the llratqy may 
have backfired in the sense lhat overaU Plato proararn 
evaluation is difficult because lhere are DO unifyina objec­
tives. Many autbon may lhus be tempted to "reinvent" 
the wheel by reexecutinl lessons lhat are already in the 
c:ataloaue. 

Robert Suv•rm•n Associate Editor 

till ......... AUOUST 1971 

Asswnina that CAI proves wonhwhile in some well­
defined sense, there still remains the problem of convinc­
ina skeptics in the 11C11danic establishment to pve it a try, 
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apecilll, Ill a Wm whm IChoall are facina dedlnlq AU• 
delll popullltiom. The probllm II the usual llownm of 
chaqe of an' compla todolop:.I llJllem, p1rticularl' 
dial of ediadoa. /u CAI reMUCber Alfred Bork (of the 
Uaivenit' of caHforaia al Irvine) poiau out, 2IOO ,_. 
pased aft• the lnvnaioa of the prlntlq pr.- before 
boob bepa to be widclJ Uled. 

Various aaariol haw been coacocted bJ CAI ID• 

thusluu about whm and how ita acceptanc:e will come 
about, but all apce il ii too -i, to predlc:t which model, 
if an,, will pndominale <-box OD pqe 3.5). 

Decrual .. henlw•re ooet 
Inextricably milled with the future of CAI ii the an· 

tic:ipaaed m- in the COit of ita bardware-dcliverJ 
.,._. This II true of computlq In ..-al but especial· 
i, of CAI, wlucll up to now has had to be Implemented an 
comPIRlMIJ apaui¥e ti--share .,.._ <-Table I) 
COlliq half a millloa dollan or more. ~ switch to 
potentlall' c:haper diltrlbuted computlq, whse much of 
the prosram intenctlon takes ~ locaDJ on "stand· 
alone" •inteWaent tlnllinala, lhoulcl make more inAltu· 
tlons wiDlq to make a commitment to CAI. 

The standalone tramhlon, however,_, not be im­
mediate beca111e adoptlq C11Dtral-Pll* ~ to 
remote111ellnot atrMaltuk. Even Dr. Bitzer, the~ 
propcJl*ll of dmHhared CAI, admits the tramhlon II 
techaically flUible, but he araua dial central 1u. ....,_ 
lq will not die out because of the varilty of addldoaal In· 
1enct1w edueaalonal llrYices it can off•. However, the 
COit 1avlnp to be had bJ puttlq moa of the intellipnee 
nqulred for Audent-prosram lntenctlon In a lcal I•· 
mlnal inAead of a C11Dln1 comput• 11 so sr- dial it _, 
eventuall' replace dmHhared CAI entirely. 

For example, Florida State UnMnil' estimates the COit 
for a 4.5-tsmlnal time-share s,aem, exdudlq couneware 
ro,alt' costs, 10 be some SJ an hour per lsminal locaDJ, 
IOinl to S4 101DC JOO miles awa,. Be,oad this limit, oae 
mua flaure telephone COltl al about oae dollar per mile 
per hour for an eiaht-uar link. In COlllrUt to this, a 

~5'000 Aandalone llJllCID al lodQ's prices -· 
tiles to .50 cents 10 a dollar per s,aem hour, usumlq 
normal 1.500-hour/,ar usaae and acludlq main­
tenance. 

The price flaure IMDtloned for a Aandalone 11J11C1D II In 
the ranee quoted for a standalone Ropp,-dlsk loaded In· 
telllpnt cathode·ra,-tube stadon made for educational 
use "7 Tnk of Scottsdale, Ariz. It II also wllhln the 
ranee pncllcted for a conceptuall' limllar.llrlllinal belq 
readied for Plato llandalont 1111 bJ Dr. Ihm'• poup. 
OdMr muuflCturm, lncludlq Dllhal. w...., and 
ffnllu·Pacbnl, off• llmlllr equipment, althoup h II 
probebly not u pnc11e1, talland to CA1'1 nteda. 

1)plcal of chi rela&1'e •Yinp to be had In llwitclllq 
from d1llHhan to llandalont, ProflllOI' Bork lltlmatll 
dial h DOW COltl S7S per ltudent --. to operaae a 
HOIMJ'Nll Sipla 7 OD d1llHhan In I ph'*8 COUrll thal 
mak• llltlllllve - of CAI. Ht ..,. dial COit could drop 
10 S25 bJ 1wltchlq to chi T.U. 

But neldllr Dr. Bork nor Dr. Ihm - total ltand· 
alone ol*alion U clellrable lillcl thse mUlt remain IOIDI 
llllthocl of 11udent-facultJ coaununlcadon (electronic 
mall), amwatna lmmedlllte c:alll for help, .-ratlq and 
ftUq qulua, and 110rin1 1tudent prosnu. Dr. Bork II 
deliplq I CIDlnl mini• or mlcrocomput• with about 20 
llllllbJI• of clllk aonp for t1lla J!U'POll· A Auclenl lk· 

liq at a ltandalont station who wanted to take a quiz in a 
p1r1icular coune would n111 qu., the C11Dtral compuas 
10 - if he or she were ellslble, and If elllible would 
receift the test from the central computer. 

The Delaware Plato ll'OllP plam to ~ from time­
share Plato to Dr. Bltzer's •andaloae lntelllpat tsminal 
within nw ,..,.. But authorlq on Plato, which requires 
a lot more comput• resources than does Audent lnterac· 
lion, would Ail continue to take .,._ an their cmtnl 
compu1 ... 

Costa are expected tom- with W. for both dme­
share and "moAIJ" Aandtlone .,._, IUCh U thole 
dial would Ille Dr. Bimr'• lntelllpat tamlnal. While 
_, people belieYe dial standalone will remain the 
c:haper of the 1wo, Dr. Bluer himself continua 10 fell 
that standalone will on1J be justified for 1enninala 
~'remote from a central computer. II is true 
dial if IOIDC of the experimmta CDC ii DOW performlq 
with intelllaent network switchlq come to fruhioa, the 
COit or lona-diAance Plato lime-share milht be cut "' a 
f1c:1or or four to eiaht· CDC envllionl a network of in· 
telliaenl mlc:roproc:ator-driven multipleun dial Ulip 
Plato data bMdwidlhs on a usap buil, the key belna dial 
praen11.minals llxecl at a 1200-baud r.te oni, need an 
averaae of one fo111th 10 one eiahtb of that speed. 

But such a net also -ka Aandaloae Plato - al• 
tractlw, since a standalone 1.mina1 onfy oa:u1ona11, ac· 
c:euiq the central computer would aenen11J require lesl 
bMdwicltb; at praent h mUA be Uliped the full 
1200-baud channel. On the oths hand, if CDC develop1 
enouah aeoaraphicall' duaered potena.J Cllltomen to 
juair, sideband CA TV transmission of Plato material, 
which does not lnterat with main-channel broadc:utlna. 
1rallllaission COltl would drop even - for tlme-mared 
Plato. The needed return-line bMdwldth from the Plato 
1.minal 10 the comput• ii IO small, since the - hita 
on1, a verJ few ke,s 111eond, that return 1elephoae COltl 
would be compuatlvel' trivial. 

Lookiq at time-share vmu1 standalone cost from 
anoth• Upect, It II true that the COit of electronic in· 
•eIHaence at the chip level Is comlq clown u f• for tarae 
central comput .. u for mlcrocomput ... But the hard­
ware COit of pack811na this intellipnce 11 likd' to be far 
lesl becaUle of the economlc:s or volume production at the 
- end whse u man, u 1000 Aandaloae comput .. 
would be Uled u oppoled to a lliqle mainframe for time­
share. 

While "ltandalone" _, be CAi's waw of the future, 
It II also not entlnl' dear wheths even the praent and 
propoted Tnk and Plato "lllOlllJ" Aandalone 11J11C1D1 
are adequate for all CAI 1-a. The microeom)lllta' 
Ulld In die Tnk, a Dllhal LSI-II, which hu I 16-blt 
word 1eqth and an extra ftoaalna-pobn bardwan chip, 
_, be f• enoup to handle IOIDI of the rather lntricatl 
araPblcal calculadcllll cumntlJ dane via I ~ 
.,._, Dr. lorll ..,.. 

Dr. Ihm fMll tbal the I-bit .., mlcroprOClllOI' Ulld 
In tlmHllan Plato lamlnall for milcellanloul chorel II 
f• enoup for IOllll-but not all-Plato llallda1onl 
calculadolll. In partlcular, hi fMll dial I "parm" 
routine, which mak• -.. of ltudent quadoftl even If 
theJ haw thl wrona •JDIU or an ml.,....., mllbt re­
quire chi lllJll pntratlon mlcroprOClllOI' followlq thl 
lllm. Thll II lnttl'I 16-blt 11116, which II reported to have 
about ten tbnll thl IOI0'1 splld. 

Anochlr problem with Aandalone 11J11C1D1 of the future _...,.. __ 
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II aclilll to be the llize of tbcir l'llldom._ memory lllld his Slanfon:I Unlvenhy CCIWClfkpt, who -Y make 
(llAM). Theoretlcally. • tenninll needs only • relatively - of several hundred tbouand words of central· 
nail llAM worksp!ICC, provided • floppy disk can load computer saorqe to check 11udcnt1' mathematic:a1 proofs. 
"overlays" of memory Into RAM u needed, lllld provided It would be • formidable wk to transpose these to 
cm. Is not wued tnnsferrlna data back and forth from floppy-disk data overlays lllld the ll'OUP docs llOl have 
the llAM to the disk. any plans for doina so. 

Dr. Bork feels this transfer-time Jou will not be a prob- Another problem faeed by autborins ll'OUPI, such u 
lem for him on the Terak, but Dr. Bitzer lllld his ll'OUP, those or Drs. Bork lllld Suppa, that aive c:ounes with • 
with • -bat different dalp pl, are not cenaln larae CAI component Is that the ~erial for a linale 
they would be able to avoid problems. Their Intent In Q)Une ~Y require ICVCra1 disks. Dr. Bork Is wlllin& to ao 
crealifta a "llalldalone" Plato Is to build Into each ter· to multiple floppy drives or a floppy library to overcome 
mlnal an abridpd version of the Tutor Interpreter now this problem, but Dr. Suppa feels that a ICudcnt should 
resicllna In Plato central<0mputer •oraae. This so<alled be aiven instant lllld euy acceu to all the material In a 
micro-Tutor will translate Tutor commands on the disk Q)Une if desired for review purposes. 
Into microproc:asor lanauaae. But to save fut-access 

NHcled h•nlw•IW memory ll*C lllld money, they are lrYina to compress the 
Interpreter Into some 16k byca of fut permanent read· Many CAI .,__, such u Plato lllld Slanfon:I Univer· 
only memory (ROM). This -Y not be enoqh, they lily's, alrady have continuous-speech peripherals bued 
report, to include the "parser." on computer ._111y of a spoken dic:tionary or of basic: 

The local memory problem Is far more complex for .,ii-. Plato also bu propam-uaiped lllld labeled 
some of the courses In loaic deYeloped by Patrick Suppa touch inputs in any or 256 ac:reen locations. Terak Is plan-

Dina Oii • .,aphic diaitizer or finer resolution. The .,aphic 
ac:reen ll'id or 512 by 512 elements u llled by Plato Is c:er· 

111Unllke -•........, m:• ........ ._ '-8n and 
aainly adeqUllle, all iqree, for any but the moll spec:ialired 

llllliclllna llnb ... '°"" • .,.._ - _........ and of today's CAI propams. Terak's ll'id, 340 by 220, _, 
~atlJ "- - autllorlng aplaftl to anOlllar. For also be adeqUllle, but Terak wlU improve it in subsequent 
... Iona •tudant - .. it:= .......... Ill models. 
atudlnt·loaclacll = dlab. •tildant ~ ---to Ila bpi, a ra1==.1a-"1......._°' What Is lackina ii color and lbadlna for .,apbic imqes. 
Ml .. atudant llaa a... tannlnaL ....._ Suc:h lmqes can also benefit from some form of stand· __.. .......... _.. ..................... ,. 

alone~ or .,aphic •oraae. which would allow • ...... .. atudant ... for....,...,.... ................ 
:.::: and ............. Ill .. -- -. and •tudant -.unloato ................. 

Pr...,.mm1,. a.n.01111b1011tl- ........... System constraints ,_ ........ le 
Authoring Subject .__ 

mocroo.IY- IUbroutiMI CtimelOlll - -- (TUTOR, PASCAL, APL, ·-. ..-.. Cjoy..cick, -"" poMI -wrltl,.rotO, 
Smolltolkl Al-tll 

__ , 
.-utionl 

I ' ' I 
Authorl .. - c-.. 
-°"·-'"'• ............... , 

' Compilor, In_. I 

' j 

........... I Author 

t 
--k 

Tl- St-•- - L----

T --------, 
Down-

I 

I TimHlw• I lood oPtion I l.oorNr I Ollltrol 
I I ---'"' --

t :e Locturer _, 
Odw-k• LEARNER 

I • t I l.oorN<-- ·1 lnur.ctioll. ........ I .... ,.,, ..... I 
I 

Studont dilllloY I I - Holpll 
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file CoMUltont I 
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pat deal or 1.:AI araphics to be put into aiD fr- or 
video sequences, without raonins to computer aencra­
tion. lluidom-access ~ players that cu provide 
storqe are on the market, but at S'°°° 1n stiD too expen· 
sive for pnenl UR. (Where the intent of the CAI comple­
ment is to have a student alter the imqe, a video dist cu· 
not be used.) 

Another hardwire improvement that could profoundly 
affec:c CAI proarammina would be a speed increase for 
today's standalone computers from, say, several hundn=d 
thousand instruction per second to 100 miDion. Alan Kay 
of the Xerox Part l.eamina Research Group (LRO) AYI 
this chanae would rmally free the URr from the tyranny of 
the proarammcr at all system levels. Al Ibis speed, he 
feds, real-time systems could be written in - easily 
learnable URr luiauqe without having to worry about ex­
ecution rates. Musical synthesis could, for example, be 
written by a musician for any musical instrument or by a 
cartoonist for hip-speed animation. Even at sill miDioa 
instructions per second (MIPS)-the speed of the present 
Xerox experimental personal computen--this mlllt lliD 

121 T-I-1.- a cMmlatlJ llmulellon fl'Ol'9111, llJ 
stan Smltll ol Plato-llllnola, de9lgMd to .... llnlllen 
gi9HW819 and Walled dlatllallon lractlona ...... Iha 
aludanta actually part«m Iha ••parlnlant. 

Here are the parts to a distillation apparatus. 
Put the apparatus together by touching a piece 
and then touching where it goes on the column. 

f 
Put large 
flask here 

·c-10 

CJ 0 
~Distillation 

flask 

·Lz\I;· 

l.____J 
For help press HELP A 

I 

Touch COOL or WARM to change bath 
temperature. 

To collect a fraction touch the 

80 

10 ,. F! ffl 

IO 
•c 

!IO 

.., FJ 

Fi 
FZ 

30 
0 20 .., IO 80 100 

M•llliter1 dlllllld 

To change bath 
temperature 

TOUCH 

COOL WARM 
Press NEXT to continue 

be done In mlcrococlc, which, Mr. Kay feels, "no one but 
a computer hacker would wiih to write." 

Going from 6 to 100 MIPS wilhln the am decade 
theoretically cu be achieved by ltriasinl toptber a 
number of microproceuon-proYided the formidable ar­
chitectural problem of lintina than effectively cu be 
sol*. 

Pl'nent 8ncl lutuN COUrMW819 

Unlike bardWIR, couiwware is noc likely to im.,.._ in 
the immcdiaae future. 

Various authoring IJllems do exist where sua:eu -
inversely proportional to the aencralitY of their pis. For 
example, Patrick Suppa' tWO l'OUIJI, ll Stanford and ll 
the Computer Curriculum Corporation (CCC), - to 
be masterina two specialized but hi&h!Y ~ -: 
pade-school drill and practice, and talCllina uai¥enity 
mathematics c:ounes entirely by computer. 

For the former, he has created 1111 elabonle stadstlca1 
mocld, proprietary to CCC, lhll anatyza audent perfor· 
manc:e in order to c"- drill and practice lhll has the 
rilht depcc of difrlClllty. Under a annt from the Na­
tional Institute of Education, the Princeton-based Ecluc:a­
lional Testiq Service (ETS) is c:urrendy eva!Ullina this 
wort; but dlla from other sources - to inclic:aae that 
CAI driD and practice is aencn11Y effective. 

For the introductory Stllllford 1otk: couna, Dr. 
Suppes' lfOUP has constructed Eqlish-to-kJsic and ICllic­
to-Eqlish parsers and artlfic:ial intelliaence lolic-proof 
checten, but is still wortlna on variants or the proof 
checten 1111d on educational models to determine when a 
audent hu sufficient mastery of a lesion to ao on to the 
next one. 

Al the other end or the aenenJity spectrum, Plato 
laves pis and leamina techniques entirely up to each 
mthor. Althouah it has been utcd u the major coatent or 
a course more often th1111 It has been used for separate 
lessons, each classroom teacher cu select the material he 
or she deans most appropriale. 

BecaUR the CAI information 1111d communication links 
between aulhor, student, clulroom teacher, and the COID· 

puter 1n 10 complex, and becallle lhcre 1n so m1111y dif· 
fcrent strateaems for authoring, it may be helpful here to 
diJcuss other CAI leamina approaches. 

At the point Indicated by the "Lamer" box in Fla- I, 
the learner interacts with the computer and nquau 
help-when needed-from the program, or from I local 
or remote teacher. The student ouaht also to be able to 
enter comments on the quality of the material. Some 
authoring systems, includina TICCit, descn"bed below, 
claim they cu preaueu student problems with the 
material: othen, includina Dr. Bork and the Plalo 
mthors, depend partially on student feedback. 

St1111 Smith, considered one of Plato's most sifted 
author/prosrammers, says this feedback is esaential for 
success. "A major difference between CAI and a telll­
boot." he explains, "is thaa I cu, in theory-but 
hopefully not In practkle-brin1 out a new courwware 
edition every evening, buecl on student feedback or the 
clay's clula." 

The teacher in CAI occupies a position thaa - to 
vary with each aulhorina concept. In Plato, the teacher 
continues u lectum since the syaem, in most c:ua, is 
used for lessons, rather thllll for a complete coune. But in 
many CAI courses the teacher no Iona« lectures but act1 
u a consult1111t and helper to the student. Wiien the 
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Ill Alfred aork'• dlecowerr pro1rem1 roqulr• 
~ ...,.... __ 1n1..uon to IHd to ..... 
---, of Ille .... of pllJllca-111 ttlle UM, Ille ioo. 
tlon 11111 polerltJ of electrlcel ....... 

course or lessons have 1 hiah exam content, the teacher 
may llCt in the conventional way IS 1 selector of quizzes 
Uld remedial material, but in many cues the CAI 
operatina s:rscem makes the selection. The teacher serves 
IS 1n mdviser to individual studenlS, Uld dealina with their 
problems on a one-to-one buis, rather then 11c:tina 
primarily IS 1n authority fiaure, is hardly threatenina to 
university professors, who may relepte pan of their 
tacllina to lflduate audenlS, and who may even have 
1uthored programs. However, status ch1nae is reponed 
by many, indudina CDC, to be threatenina to srmde· 
school teachers. 

After the author or authoring tam has decided on the 
role of the teacher, a subst1ntial end complex let of 
resources is drawn upon to create 1 program. The leam 
mua also take into llCCOunt the peripherals to be used in 
the syscem, perhaps even doina thinas like prOlflllllnina 
both with Uld without voice uticulation because they do 
not know which users have llXCSS to that peripheral. 

Havina decided on some pedqoaical concept, Uld the 
various physical restrlinlS of the syscem, the authors must 
decide on a proarammina tanauaae. In addition to Tutor, 
other typical l1n1uaaes are Pucal Uld APL, Fortran Uld 
Lisp. 

Who does the prosrammina? There are at least two 
distinct procedures. The clusical route, most often but 
~ always taken by Plato, is the one Yhcre the authors 
are programmers. Elsewhere-Dr. Bork's sroup, for ex· 
ample-a team of two faculty members outlines flow 
chuts for the material, which is coded by student pro­
arammcrs. In Dr. Suppa' aroup. there is a similar pio­
cess, with srmcluate student programmers allO selcctina 
the difficulty or some or the lesson examples. 

Authoring concepts 
Authorlna concepts seem to fall into three mlin 

cuqories. In the first, used by Plato, the aeneral direc­
tion of student responses tends to be prquessed by the 
authors. The learner acts to make riaht or wrona answers 
but hlS little choice in the level of difficulty or the 
material. 

Good Plato courseware, however, transcends any 
simplistic definition. Fiaure 2 shows two "frames" or a 
simulation lesson by Stan Smith, in which the student, us­
ina mainly the screen-touch plllel, first assembles 
alassware for a distillation Uld then runs the distillation at 
1 student-controlled tirne-varylna 1empcr11ure. The com­
puter analyzes the purity of each distillation phase and 
help1 the student to select which samples will be submitted 
to h IS bclna or the desired purity. In creatlna Ibis pro­
aram. Dr. Smith has used so many authorln11ricks 10 in­
volve the student in the program thll h is sometimes dlf­
rlCUh for people who are viewina it for the rant time to 
keep in mind that the rather simple sraphical imqes are 
only a simulation. 

Another authorina approach is 10 dermc the teachina 
system IS discovery-oriented. Dr. Bork, for example, has 
created 1 number or araphic progr111111 ilHhe physical 
sciences thll use a complex interllCtion of computer Uld 
student to simulate the real world (with the computer· 
aided addition of visible rield lines) so that the student can .___ ... __ ,. __ _ 
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lack ID oar conrltl dllrps. 
Point ...,....,. JllU'd llU ID bllin-
11111 ii '8llf lllctric field Vidor 
Ill that point. 
This vector establishes a dlraction 
Ill that poitll dlaracttrlstic of tlll 
field. 

Point to another place a small 
distance from the lint point in 
this direction. 
The new wector sets a slilhtly 
dlfler1nt directioll. Step lhead a 
small distance in this new 
direction. 

let's continue the process. 
This picture is a mess! 
let's slmpllfy It, llltillJ rid of t111 
"""" llld s11ow1nc onry the 
llrectlon. 
At a liven point on this lint, the 
llectilc field wector is 
----to this new lint. 

Wt could also follow It in tilt 
opposite direction. 
We'll put an 1rrowhead on the lint 
ID illdic:ate the direction 
of the field. 
I'll drlW • few mare field lines 
for yau. Just point! 
Would yau lille to drlW some lllOf9 
field lines? No 
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dlleover IOIDC of the bulc ndes of p11,.ica. F1pn J shows a dilplaJ of bodl computer..-.ed lat and ¥ideo-
• few r..- from lllCb • dialoplc, wllenlD the •udent taped paphic ..... 
ab the computer 10 draw field U- la (~)-tlllcled 

Teettng Plato and Tloolt -· Tbe aoa1 la for the student to dilcover the •un 
and lol:alion or the e1ecu1c: cbaraa proc1uc1na lbole Una. Bodi Plato and Tieck - lllled durlaa 1975 and 1976 
and th• build up imllbl lato the ....... la which lllCb by ETS for the National Science FomWdoa (NSF) aa a 
.,._behave. COlllllluailJ-co0eat level In bulc mMhlmalia and 

Such dilcovery PfOlrUll could be publlahld mucb Uke Enllilh· UnUke Plato, the Ticdl teechir acted u an aide, 
• lntbook with • quiz COlllponnl added by iDdlvldual DOI a lecturer. Tbe resulu - mlud. 
clamoonl inllruclon. Dr. Bork la worldlla bodl la com· For Ticdl, ETS found lbaa CAI cciunm had a msk· 
pu11r ~ of qulzza and with Ihm dilcovery edlJ lower complldon rate dlaa CGllqllrable tmcller-led 
PfOlrUll, and AJI bodl are~ inpedlenu of a ful -· especlallJ where llUdenll had low ......... 
CAI coune. In any evat, WllU paphic CAI eompu11r On the odler band, •udeau who did flabll Ticdl -
usap becomes IDOft uaivenal, then aiacl DO naionwidl had, OD the averqe, 5 pen:eDI bisller lat ICOlll Oil ftnal 
hardware-clelivery IJllem for lllCb a tatboot. aaim dlaa •udenu In teacher-lalllbt -· Anolber 

Another approach ii for the alllhon 10 help the lludlm problem - that lludentl la lbe Ticdl project felt la· 
10 become an acellent leamiq •ntealll. aa a ~ nond u ind1Yid11aia, compared wllb lbldeau la teacher· 
of IWO levels of llnteaJ. At lbe lowal level, the •udent led counm. Convenely, ETS found lbaa 11uclenu' arada 
choosa the clifftculty of tbe rule, example, and pracdce - lln1e atreaed - way or another by lllina Plato, 
combiDMlona Involved. A special aulllary keyboard (Fla. and lbaa mo11 •udenu enjoyed the mec11-. 
4) la Uled to lei the 11uden1 select the dlfftculty of eadl of Ticdl'1 hiah dropout rate, the ETS evalaaon com-
lhOle for the next fr._. Tiedt, whlcb ands for Ti- !MDI, la not unknoWn In other self.,..a lllmlq m-
SMred lnteracthe Computer-Coauolled lnformadoa vironamll wllere thole who feel UDable IO conuol lbelr 
Televlalon, ii such an approach. Al ori11naDJ COllCllved environment, or don't willl 10 comp11e, drop behind or 
by the Mitre Corporation and lmplenated by Victor •· From 1975 10 1977, Vlaor lluncllrma and his col-
Bundenon and John Volk, ii uses Sony color televillon u ..,_ at Brisham YOUlll UniversitJ laWllipled the cf. 

L lame of "'9 mejor oomputlHlded l11•uollOMI dn91apmml _.. (.n gNphlo .................. ""9 naled) 

Group and Prlncipll ~ 

·~ CenlrW~ NII 1'rmlnll CAI COlftPlllWll 
...... nol .. ·Doneld BllZar, Fow lnlerllnlled ~ Lacllinci-; 1100 ~ molllr PlllD 3IO locll """'""'II llnalllar7' 

OClmjlUler·blled Educlllllln -cc:oceaoo l9lllDle .,, phone IY. .,,.. PlllD v ...... IUlljlcla, lllOll ~ 
AelMrdl~ and~73) loll5 ..... lll- In phplcl. c:tllllMy, lal9lgn 

Two mlllan -- d c:Mllng 42 ......... IMCllclne, and -
CCll9, - rnmlon IClld .... .... ... 

CDC ln1Hhar9 PlllD CDC cenlral-oornpul 130 c:11191 In U.S. PlllD v llnall plul CDC-; .... wllh ...... DCllllllllrdal lra!Nng; CAI in. 
llOCMllucl .... ...... wllh......., _ 

·-lo• ... 
Plato, UrMrllly d a.-.. ~ 73, llOOk·.nl ,....._ 71 PlllD v Chnlrml 

Fr9d Holllltllr lllllllOIY 
' 

Plato, Flollda 8lale ~73and7', Ttllpl-. a PlllD IV Chnlrml 
llOOk....S lllllllOIY 

llcdl, lllclor lunclnon and Nova 100 11nn1na1 Lacll or r9lllllle llonr color TV 1111, 30 11 Englllh and IMllllmllca 
Jalln'M plOClllOI' lrlQflam-.. um.-

Nova l40 11111111 '"" 121 Mdl • two junior 
plOClllOI' coillgll. , ... Madel 
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.. °"' 
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fec:t of IOCial variables, such u the formation of ..U 
groups, on completion rata. They reported compledon 
rata or more tbu 90 percent. 

In spite of the findina of DO aiplf'k:ut lms-t OD ltU• 
dent achievement, IO to 83 percent of the imtructon 
judaed Plato 10 have 1 positive effect on ll1ICb achieve­
ment. Whether this effect wu real but not measurable, or 
only subjective, was not evaluated by ETS. 

TICCit could not be tested e!Rwhere at the time since OD· 
ly three courses had been developed. Plato wu, and is, 
llled e!Rwhere, or coune, with particularly SoOd raulu 
beina reponed for founh-lflde mathematics. However, 
ETS did not 10 beyond the community-coJleae level in 
testina Plato. 

There are no looser any immediate plana 10 expand Tic­
cit for aeneraJ education, althouah replacement of the 
video tape by a video disk, which would &Ive the system 
standalone capability, may cbanae the picture. 
Couneware, Inc., 1 San Diqo-bued company, bu had 
success, however, in writina TICCit-like -•erial in both 
CAI and printed formats for the military, and ts in fact 
under contract to CDC to write a Tlccit-bued trainina 
coune for Plato. The Couneware claipen repon that 
althouah Ticcit authorina concepts are difficult, once 
mastered they enable speedy production of blah.quality, 
aoaJ-oriented material. 

Develop atandalone Plato v tannnal; l800-1>9ud rnulllplexlng 
In 11178; explcn commun1c:a1ion net axpallllon wllh CDC 

~ lyalMI aln llld number°' teminala In 11178; awllcll­
- within five yeara to llandllone Plato V 

c-.ralon to up-ID-date CDC PllllD operallng lyalMI 

Color, graphk:I by early 1lllOI 

PhaHcl IWitchoYer to Terak llandalonl, Ullng Pacal from 
Unlvarslly °' Calffomia, San Diego 

____ " __ , ___ _ 

WICAi, Inc., a -.irofit c:ompany bued In Oran, 
Uiah, and haded by Victor Bunder19n, bu Implemented 
a Ticclt-like learnlna ltrateaY OD a biolol)'-based video 
disk for McGraw-Hill. The company is also developina 
material for standalone mic:roproc:euon that will incor­
porate leuons and lamina strate,ia leamed from the 
TICCit project. 

For the future 
Accordina to NSF, 1D011 lmponan1 to CAl'.s future are 

eaplorations aimed not at achievina specific lamina aoals 
but at leamina about leamina lhrouah interactive com­
puter use. The work of Alan Kay and Aclde Oolclbera and 
their ulOCiates at LRO is relevant here even lhouah the 
aroup bu nothina whatever to do with CAI lince it avoids 
any "canned" material. Instead, it explora the -Y both 
children and adulu can use the computer u an intellltent 
tool and as a leamina resource. 

Fipre 5 shows the results of 10111e of the prosrams 
written in a lanauqe called Smalltalk at LRO. The 
"team" consisted of a 13-year-olcl tac:her supervisina 
12-year-old authon with only the buk: tools for drawina 
precoded by LRO. Teams of the same qe at LRO have 
developed far more complex systems, but the point is 11-
hutrated here that, aiven the riaht tools, a lot or aulhon 
ouaht to be able to write interestina ~nly 
for thcmlelves, and possibly for others. 

Owercomlng obeUcln 
Thus far we have been dlsc:ussina only those all-purpose 

CAI systems that seek to replace almolt all the flmctions 
of the clusroom teacher-either via prosrammina aoaJs 
(such as those of Dn. Suppa, Bork, and Bundenon), or 
by vinue of complex hardware (Plato, TICCit). Such 
systems are certainly laudable; in theory only a computer 
hu cnouah speed to respond imlmdy and individually to 
each separate learner in a c:lasuoom. Moreover, the com· 
puter can do so continually and simultaneously, providlna 
each one with advice, illustrations, qlleltions, feedback, 
and proareu reports. 

But since lamina is ltill In iu Infancy u a copltlve 
lcience, with or without computen, It is not 1urprilina 
that mainline CAI hu made c:omparatively small proanu 
ui effectively providina one-on-one Interactions. Realiz­
ina that the technique is ltill cxperimenw, many 
educaton have responded by usina CAI as a complement 
to reauJar coune offerinp and adoptina only the portions 
that are moat COit effective. 

This limited acceptance and use makes the nec:euary 
hardware and couneware both a lot simpler and cheaper. 
For example, there is no need for 1 back-up computer, or 
a terminal for the teacher, if CAI is aoina 10 be used only 
for simulation. That also simplifies the links between the 
teacher, learner, and author, since DO ananpc is beina 
made 10 do more than carry on a rudimentary form or 
Socratic dialoaue-in which the student preua one or 
two buttons, or uaea the computer u a simple calculator. 

In fact, home computen COllina under SIOOO are beina 
used at lhe colleae levd for just such purposes-for in­
llance, Commodore's PET model microc:omputer. At •· 
cosc of around S900 it offen not only alphanumeric: text, 
but u mensive-thouah fllled-collection or anPhic 
symbols that can be manipulated to form, for example, 
imqes of phylical and chemical laboratory apparatus. 
(The use of such small systems in the claslroom will be ex­
plored in a fonhcomina issue or Spft-tnuft.) 
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Primarily, however, where CAI is used in the *-i­
tary school c:lunoom It is in ldditlon to reaulu couna 
llld hUDWD instnac:tions, not u •complete subslitute. Tbe 
Computer Curriculum Corporation <- Table I) bu, in 
the field, several thousand minicomputer<ontrolled ter• 
minals whole only purpo1e is to provide driU llld prKtice. 

There are communities that take u entirelJ different 
approach to CAI. Sylvia Charp, director of instnac:tiona1 
systems for Philadelphia schooll, .. YI th8l 70 000 
11udents, out of the 2IOO 000 in the district, are involved in 
CAI PfOll'mDI administered on some 350 tenninala tied to 
Hewlett-Packard mlnicomputcn. Usina either can or 
teletypewriters-which she prefers because they live • 
hard-copy record-students .. remedial driU llld pnc­
tice, simulation In courses like economic:s, llld even ~ 
CXIUllllilinc. .... prille of lal lhlll • dolar per raminll hour. 
Computer-manqed quizzes COil from about 8 to 40 cenu 
per hour, since the terminals are not connected to• com­
plea hlenrchical computer net. 

Even a system like Pl8ao miaht be cost-effectm for ap­
plications where the terminal population is clustered 
locally, makiq telephone COlll relatively inexpensive. Dr. 
Charp estimates thmt to substitute for the Philadelphia 
system miaht only COil two or three times more per hour 
on • time-shared basil. 

5 Tlaclt•uallluyll.,.._...18 ..... toMIMttll8'""ot 
ot rull8, pniCllo8, or....,... to lie "'°"" In .... _._ 

[Jc:JG 

BBB 
BBB 

Tbe Chicqo school .,._ services •bout 15 000 
educmionally dillldvuitqed children in ..... IChoall 
that have some 930ClT displays usiq a siqle time-shared 
Univac main computer Uld software oriainallY licemed 
from the CCC. Spendlq some ten minutes• day with the 
terminals in drill llld pnctice Is estimated 10 be the 
equivalent of about eo minutes of work with • teacher. 

A typical mix of CAI llld non CAI proarams can be 
found in Minnesota, where 800 000 students are in­
Rructed via :moo terminals with low-speed time lharilla 
from CDC llld HP central computcn. Tbe averqe COR is 
around • dollu an hour, since the Slate picks up the lddi­
tioall COR of phone-connect time. 

About 500 proarams are offered, or which perhaps ten 
percent are CAI, includlq Rmte-developed drill llld pnc­
tice. Plato is also offered, but there are only about 25 
men, mt 20 lites. coc bu offered to provide Pl8ao time­
share facilities to rural schools for about two dollars u 
hour. The company hu not made clear whether that price 
includes counewue llld/or telephone CORI. 

One widespread criticism amon1 CAI men is thmt the 
proar- need to become truly interactive, llld ouaht to 
have more depth than any of today's material. One way to 
provide that depth is to put artificial intelliaence (Al) into 
~. so that the machine can not only decide 
whether • student's response is riaht or wroq, JN• if it is 
wrona can analyze why llld respond in ui appropriate 
manner. The student is thus allowed 10 experiment with 
Uld debu1 his or her own lamina Rmeaies. 

Such proarams will take • lot more memory 10 score 
and speed to exmite than an)'lhina available in today's 
CAI systems. Yet present systems can be remarkably 
sophisticated. Dr. Suppes' aroup mt Stuiford University 
uses several hundred thoUSUld words of PDP-10 storqe 
for intelliaence proof checkers, but stiU is not able to 
undemllld the scudents • lamina scrmteaies interactively. 
While-itiq for the development of sufficient speed llld 

llllpl51 ... .,.,. ... 0 -.... ,..,, ... .. .,.,..,, .... 50I 
-40I 

31 

...... (lallt. "-"" (ftlld. 
.... ..,...... (llOlto9it 
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Mnll•twrlllllg~ 
In ............ n., Md .. 
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CAI pntllt.,.tlon ecenaltoa 
Advocate• of comput., .. lded lnltructlon mar glv9 
- or mor1 of the followtng -rlo• for lt1 pro­
Hf1tetlon: 
• Sudden miracle: Thi• -- the ecademlc 
community will IUddenly lnvMt lerge IUml of 
money In CAI r-rch and In CAI dellvery l)'ltlf!ll, 
buecl on • realization of CAI'• lntrlnalc m1tlt. Thi• 
might occur for drill 1nd practice II the grade­
IChool 1-1. but 11 ,_, unllkllly for unlveralty 
courna end for -rch blc:auM 1cadernlc ,. 
-rch, lmpoMlble without Gowemment 11d, need• 
Federal CAI funding. Such 11d, which hH 
emounted to IOlne 1232 million alnce 11185, 11 now 
down to a trickle of about 13 million per year. 
• Osmotic, type A: Thi• argument• aaya that the 
decrea1lng price of computlf ~ will finally 
place ao much of It within the 1ehool &yatlfll tor ad­
mlnlllretlon, grading, record keeping, and conven· 
tlonel claaaroom R&O projecla that CAI will finally 
come Into 111 -n. If only 11 a mean1 of fully-· 
tlzlng •II that computlf power. Thi• -rlo makaa 
MnM tor the future, alnce even u far back 11 1974 
higher education had 1pent IOlne $850 million tor 
computara, and MCOndary 1ehool1 had apent l3llO 
million tor computlf MrYlc:ea. It elao makea MnM 
hlatorlcally blc:auM many of the CAI ln1talletlona 
shown In Table I ere elready comlngled with other 
appllcatlona. Standalone CAI, with • low entry-level 
price la bound to help thl1 -rlo. 
• Osmotic, type B: Thi• -rlo aaaumn that ao 
much computer power will be In Ille hand• of con· 
aumere-ln Ille form of home computers and 
apeclallzed learning devlCM Ilka calculators and 
electronic 1pelllng alda-thet the 1Chool1 will yield 
to conaumlf pr ... ura end ln1tall their -n com­
peting devlcea. 
• Private uctor to the re1eue: Hare the computer 
manutactur1t1, who up to now have con11dered the 
educational market a 1tepchlld, will make en eboul· 
face end 1upply the needed cour-are and hard­
ware. Control Data Corporetlon 11 alraady doing 
full thel, but Texaa ln1trumen11, which h11 the 
financial end technical reaourCM, 11 ao far 1tlcklng 
to con1umer educallonel devlcea. Learning 
ReMarch Group (LRG). deep Into theoretical con­
cepll, denlea any alllf!IPI to go commerc:lel with 111 
reMarch. 

On the other hand, 1111 not wlaa to llndereallmat• 
the Ingenuity of the private uctor In harnel1lng 
m111 production to perceived con1um1t need1, 

memory in a commercially viable system, Al prw:litionen 
have already bqun to develop the necessary learnina 
aJaorithms. (More on these deYelopments will follow in a 
forthcomin1 article on computer-aided instruction.) 

The outlook 
In summary, probably none or the present authorina 

concepts are immediatdy acceptable as the total solution 
to CAi's courwware problem-nae because any have 
been proved inmdequate but only because they have not 
yet been adequatdy tested or explored. 

Future authorina concepts miahl combine vuious 
elements of present ones, such as structured quizzes and 
unstructured "worlds .. or self-discovery. as mentioned in 
connection with Dr. Bork's work. So far, however, his 
discovery proarams. because or their araphic nature, are 
difficult to create. As he puts it, "All or us workin1 with 
CAI are still relative amateurs II lamina how to use 
araphic imaaes effectively in communications. Often the 

whether In the home or In the 1chool. Texe1 ln-
1trument1 h11 uaad • recorded apeech vocabulary 
combined with linear predictive coding to produce a 
children'• lpelllng aid that Mlect1 word• from a 
- llbrery, lpNkl, end chec:kl 1pelllng, which 11 
keybclmrd entlfed and dl1played, tor correctneaa. 
The whole ln1trument, which ha1 a mlcroproceaaor 
driving • tlrn.varlable dlgltel flltlf, - library, 
keyboard, and alphanumeric 1terbu11t dl1pley, 
Mii• tor $50. 

Technology wetc:flers report that compenlea llkll 
Tl and H-letl·Peckard ere capable of bringing out 
• home computer-thl1 year, If they wl1h-thal 
- their -n 18-blt mlcroproceaaora and 11 
capable of providing "Saturday morning canoon" 
graphk:l-1.e., animation-by moving• variety of 
- 1tored fixed lmage1, much u In pre1ent TV 
gamea. Such animation, u OppoHd to compullf· 
generated flgurea, would probably 1Ufflce tor moll 
of Plato cou,_ere, but would not be adequate to 
Implement Or. Bork"• work, or the Xerox LRG. The 
problem In marketing 1Uch a machine 11 whither 
enough lmage1 can be placed In memory et today'• 
memory prlce1 to make the machine COit effective. 
• Government to the rac:ue. Thia COUl'M theo­
retlcally IOI- all the problems except one: who 
Git• the money for what. It alao auumea that Con­
greu 11 willing to glv9 up other educatlonel 
prlorltlea, which In the pa1t It ha• refuaad to do. 
One poMlblllty 11 funding of a national communlca· 
lion network coetlng $50 million and up. That might 
give - hope to 1upporlera of a CAI computer net· 
work. Another 11 the formation of a national open 
unlv9ralty Ilk• that of England-but computerized, 
ao that correapondence courna are ,_tly con­
ducted by 1tandalone termlna11 In the home. Coit 
tor the cou-•re la eatlmated at 101ne S300 
million. 

The NSF oversight commlttu might more 
reallltlcally come out In favor of funding grade­
IChool drill and prectlce, or Mlllng up national teat 
11tea tor CAI cou,_.,. evaluation. More model!· 
ly, the NSF, which hH yet to IKelve any 1uch gran­
dloM funding, la continuing to dole out what 1-
fund1 It haa to -rchera who are exploring the 
baalc concepts of CAI u a cognitive tool, u op­
poHd to full pounding out cour-•re. 

Aa • footnote to the ettectlvennl of Government 
funding, It 11 wonh noting that Control Dat1'1 Plato 
could - have made It without NSF funding. 

imqes we have used in the plSt, representations copied 
OUt of the world itself, tum OUI 10 be quite inadequate for 
tcachina purposes." 

With most (but not .U) CAI material, students are 
reported by both the ETS and CAI instructors to feel the 
medium pves them more personalized instruction, not 
las. II allows petient answers to .n their questions, and 
human aid as required. But even CAI proponents wonder 
what would have happened if .n that money (more than 
$232 miUion since 1965) spent on programmina time and 
hardware hmd been invested lnste.d in increasin1 the 
amount or time tcachen could spend with students 
without any machinery-and whether, in that case, the 
course or education would be different today. Eric 
McWiUiams, who beads the NSF's Coanitive Science 
Department, says, "Educators have IOI to realize there is 
no such thins as 1 free lunch. Only a lot of hard work in 1 
lot or different areas is 1oi111 to better the educational 
process." + 
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