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THE FurURE OF COHPUTERS IN EDUCATION 

Patrick Suppes 
Institute for Hathematical Studies in the Social Sciences 

Stanford University 

My purpose today is to focus on the many and varied potentialities 

for the use of computers in education throughout the remainder of this 

century. It is important~ however, that what I say not be based simply on 

general speculation but that it be firmly founded in past experience. 

Consequently, I shall spend a con~iderable part of my time in reviewing 

my own experiences and those of others in the instructional use of computers 

since the early sixties. 

History of Computer-assisted Instruction at Stanford 

Elementary'-~ Level 

In January 1963, with a grant from the Carnegie Corporation of 

New York, the Institute for Mathematical Studies in the Social Sciences 

at Stanford University began a program of res~arch and development in 

computer-assisted instruction (CAl). During the first decade, most of the 

work was concerned with the development of computer-based curriculums for 

eleoentary schools, especially in mathematics and reading. The work in 

reading was under the supervision of my former colleague Richard C. 

Atkinso~, and the work in mathematics waS my responsibility. A general 

history of these efforts is to be found in Suppes (1972)_ A large number 

of publications have resulted from this work; it would be inappropriate 

to list all of them here. Extensive details about the work in mathematics 

are provided in two books~ Suppes, Jerman and Brian (1968) and Suppes and 

Uorningstar (1972). 
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Although the initial support for this work came from a private 

foundation~ shortly thereafter support was received from the National 

Science Foundation and the United States Office of Education. There are 

many vignettes to tell about the extensive work we conducted in the sixties. 

One of my favorites is that the first school system in the world to have 

the opportunity of every elementary-school child's dOing daily work at a 

computer terminal was in McComb, MiSSissippi. The terminals in McComb 

were connected to our computer at Stanford by telephone lines, and the 

research and development effort at McComb was supported by Title III of 

the Elementary-Secondary Education Act of 1965. Results of these efforts 

at McComb were evaluated rather carefully and the results were quite 

positive. A detailed analysis is given in Suppes. and Morningstar (1969). 

It is perhaps worth noting that almost ten years later this work 

in HcComb has been followed by a fairly extensive use of computers for 

instruction in 1-lississippi. The computer systems and curriculum are pro­

vided by Computer Curriculum Corporation,. yith which I am also associated, 

and the funds used to support these operational efforts. which are no 

longer in the category of research and development. are provided by Title I 

allocations to the various school districts. 

Disadvantaged Students 

It is important to emphasize that a large part of the work on the 

instructional use of computers in elementary schools has been focused on 

disadvantaged students, and over the years we have worked with a variety 

of populations, ranging from inner-city schools in various parts of the 

country to rural populations in Appalachia as yell as American Indian 

students in New Nexico. A report. for example, on the performance of 

American Indian students in CAl in elenentary mathematics is to be found 

in Suppes, Fletcher and Zanotti (1975). 
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Handicapped Students 

From July 1, 1970 to June 30, 1973, the Institute was deeply 

involved in the use of CAl for hearing-impaired or deaf students- This 

large project was funded by the Bureau of Education for the Handicapped~ 

United States Office of Education. Using our computer at Stanford, more 

than 1,000 deaf students were reached during 1970-71, through a national 

network of terminals located in residential deaf schools and special 

classes for deaf students in ordinary schools; during 1971-72 and 1972-73, 

this number rose to more than 2,000 students. 

The curriculum for these students was primarily concerned with 

elementary mathematics and language arts. Extensive evaluation of this 

work has been published (Suppes, 1971; Suppes & Fletcher, 1974; Searle, 

Lorton, & Suppes, 1974; Suppes, 1974; Suppes, Fletcher & Zanotti, 1976; 

Fletcher & Suppes, 1976)0 Perhaps the best evidence of the success 

of this work with handicapped students is that almost without exception 

the schools have continued to use CAl oare than four years after the 

research and development project came to an end. 

University Level 

Beginning in the late 19605, work at the Institute began to focus 

more o~the possibilities of CAl for university-level courses. The first 

major effort was under the direction of Professor Joseph Van Campen of 

the Department of Slavic Languages at Stanford, and was concerned with 

the development of two years of elementary Russian at the university level. 

The very positive evaluation results of the first-year Russian course are 

reported in Suppes and Horningstar (1969). The work in Slavic languages 

has now shifted from the beginning courses to intermediate courses thRt 

have small enrollment. CAl is offered in such relatively esoteric topics 

as Old Church Slavonic and the linguistic history of the Russian language. 
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One of the earliest curriculum efforts for the elementary school 

was the development of a course in logic for ~ifted elementary-school 

students, discussed in more detail beloy. In the late 19605, efforts 

turned to the development of a corresponding course in logic for university 

students. Over the past few years the continued developoent and improve­

ment of this course has been one of the central efforts in CAl at the 

Institute. Recently, the efforts in logic have moved to the intermediate, 

as well as the introductory college, level as a focus of research and 

development. A substantial effort is noy being put into axiomatic set 

theory, foundations of probability, and similar courses of a rather 

technical scientific nature. 

Courses in music and computer programming have been developed for 

use at the university level as \~ell. Individualized CAl in music has 

been applied to theoretical and instructional investigations in a number 

of different courses. Previous CAl work in programming has included 

courses in the BASIC, AID, SIMPER, and LOGO languages; current projects 

deal with an entirely new approach to teaching BASIC and the integration 

of a CAl course in LISP into the university curriculum. 

Summary information on the courses mentioned is shown in Table I 

(taken from Suppes, Smith and Beard, 1977). It will become apparent at 

once ~t the enrollment is quite s~all in a number of courses that we 

consider as a primary focus of our research and development efforts. 

Contrary to some of our thinking a few years ago, it is now our deliberate 

choice to develop CAl for such courses rather than for the large-enrollment 

ele~entary courses. 

The reason for the emphasis on small-enrolloent courses is to a 

very considerable extent a matter of productivity (Suppes, 1975). The 

initial impetus for the course in axio@atic set theory was the loss of a 
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faculty position in this area due to budget cuts at Stanford. In the face 

of declining or fixed budgets, it has become apparent that faculty sizes 

will probably decrease during the remainder of this century. Some state 

universities require that a specific level of enrollment be maintained 

for all courses offered, and there is considerable pressure against 

specialized courses with low enrollments. Still7 such courses represent 

an important function of the university in transmitting intellectual 

knowledge and skills from one generation to the next. 

One of our main aims in CAl research and development at the 

Institute is to show how these specialized courses can be maintained at 

reasonable cost in the future by appropriate use of computer technology~ 

Our aim is to increase the teaching load of faculties in terms of courses 

offered, and one of our subSidiary aims, consequently. is to improve the 

ability of CAl to provide effective instruction with little or no inter­

vention required of the instructor. A few teaching assistants~ available 

at schedul~d hours through the day and evening, work in conjunction with 

each course; the instructor himself is free to supervise further develop­

ment of CAl courses or to consult on an individual basis with students 

and teaching assistants~ 

Work with gifted students at the elementary-school level began in 

an informal way in the late fifties but got under way in a more formal 

fashion under the sponsorship of the National Science Foundation in 1963, 

when a longitudinal accelerated program '''as undertaken. The objective of 

the program was to accelerate and enrich the mathematics instruction of 

gifted elenentary-school students throughout Grades 1 to o~ Details of 

this program are described in several publications~ so that I shall only 
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mention certain salient points here (Suppes & Hansen, 1905; Suppes, 1966; 

Suppes & Ihrke, 1967, 1970). At the beginning of the second year of the 

project~ the 34 children who were bright second-graders in 1904-65 received 

supplementary drill and practice in arithmetic at computer terminals and 

also an experimental course in mathematical logic especially prepared for 

gifted elementary-school students. 

Because of the availability of logic at the computer terminals, 

the students were able to advance at a surprisingly rapid rate" and during 

the several years of the project they became quite proficient both in 

understanding and using the basic principles of logical,inference. Perhaps 

the most important point is that, although this work began in the second 

grade, some of the experimentation was undertaken at the end of the first 

grade and i~ the programs had been available a year earlier could already 

have been used at that time. It is also important to emphasize that this 

work was natural and easy for the students. The range of mathematical 

topics that can be taught to gifted students is not easy to overestimate. 

In additioq to the work in logic, extensive work in geometry as well as 

in the standard curriculum was offered to these gifted students. They 

made rapid progress through a variety of topics, including the elementary 

theory of symmetry groups. The geometry was taught by staff members of 

.the-Institute. not at computer terninals, but now, more than a decade 

later. it would be feasible to offer the geometry at computer teroinals 

and thereby to provide rich instructional resources for gifted students 

that would not ordinarily be available in standard elementary schools. 

It is also worth noting that 1;le continued through the si.x years 

extensive work in standard drill and practice with these bright students. 

Some people ask why this was necessary. given their obvious gifts. Over 
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the years I have developed an attitude and an answer that makes sense to 

me and to most of the people to whom I talk about the continued need for 

drill and practice in basic skills, even for gifted students. The analogy 

I use is a simple one--it is that of the training and perfection of physical 

skills. Most of us accept without any question that professional athletes 

continue to train and practice.even after their particular skills have 

baen thoroughly developed. The same is true of intellectual skills. The 

kind of performance we expect of gifted students can only be obtained~ in 

my judgment~ by a continued regime of drill and practice. and such a 

regime is just as much a desirable aspect of their intellectual training 

as it is of their physical training. , 

Home-based Computer-assisted Instruction for Highly Gifted Students 

I turn now to description of a more recent experiment in the 

Institute. The objective of this program was twofold: first, to use not 

merely gifted butt in the main, highly gifted students> and> second> to 

investigate the feasibility of home-based computer terminals that would 

deliver instruction to the students, rather than having the students 

assemble at Stanford or some other focal point. It is especially important 

to recognize that highly gifted students> defined for this purpose as 

st~~e~ with rQs of 165 or above~ are very sparsely distributed and 

consequently there is a severe logistic problem of offering them advanced 

instruction. It is, in fact, my judgoent that the use of distributed 

computer terminals is probably the best way to offer a variety of advanced 

instruction to such students. I also note that it is one of the scandals 

of American education, in my own judgr-ent, that so very little is offered 

as advanced instruction for such students. Relative to their enormous 

potential, they are perhaps the most neglected population of students in 

our entire educational system. 
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Our project has been described in detail in a monograph on home-

based instruction (Hacken~ van den Heuvel, Suppes & Suppes, 1976). 1 

cover some of the more important aspects. 

Procedure. Eight school districts in the areas surrounding 

Stanford University were invited to submit the names of students whose IQs 

as measured by the Stanford-Binet intelligence test were at least 165 and 

who seemed to have a wide range of outside actiVities; the latter condition 

was stipulated so we could determine hmi 'veIl a home-based CAl curriculum 

would compete with other established interests. The districts were asked 

to include with each name a statement describing the student and indicating 

why he or she was being recommended for the program. Some districts did 

this; others submitted short autobiographies of the students, and some 

submitted only the test scores. From this information, members of the 

Institute staff selected a total of 16 students; there were some from 

each district and an equal number of boys and girls. We made four excep-

tions to the criterion of having a Stanford-Binet IQ score of at least 

165: Three of the children measured "superior" on the WISC but had not 

taken the Stanford Binet, and the fourth child measured only 132 on the 

Stanford-Binet but was an outstanding achiever in his district. Children 

who were not selected were placed on a waiting list. All selected 

-. ..---
--children were in the sixth~ seventh, or eighth grade with the exception 

of one girl in the third grade and one in the fifth grade. 

In November of 1973~ letters of invitation were sent to the 

parents of each child selected for the program; copies were sent to the 

cooperating school districts. The letters prOVided a description of the 

program~ including the available curriculums and necessary equipment, 

and indicated that there would be no cost to the family. All families 

agreed to participate. Installation of teletypes in the homes began as 
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soon as permission was given by the parents; all were installed by 

January of 1974. The students were shown how to dial the computer at 

the Institute, how t~ use the terminal, and how to sign On to the 

elementary logic course. With this minimal explanation all students were 

able to begin their CAl work. 

A meeting for parents and students was held at the Institute on 

January 14, 1974. This was a general meeting to answer questions about 

the program and the curriculums and to provide a tour of the Institute 

facilities. Parents were encouraged not to urge their children to work 

on the teletypes; instead, students were to pace themselves and work as 

much or as little as they wished. The meeting was well received and 

follow-up monthly meetings were planned. However~ because of the gasoline 

shortage, no further meetings were held until June when the 10 new students 

had been selected. 

A proctor was available at the Institute four days a week during 

scheduled times so students could telephone for help. Some students, who 

indicated they felt too shy to telephone, were called once a week by the 

proctor to see if they were having any problems. 

!he summer program was similar to the spring program. Letters of 

invitation and explanation were sent to the 10 new students and a neeting 

June 17 for old and new students. This time the parents were 

not encouraged to corne. Summer students were told they could take a 

programming courses BASIC, along with the logic course by writing or 

telephoning the Institute to request a BASIC manual. This left the 

initiative with the student: Six students requested the panual and began 

the BASIC course, and two finished the course by January 1~ lY7~. 
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By midsummer it was apparent that eight students--four neiy students 

and four old students--were not working regularly toward completing the 

logic course. Weekly individual goals were set to encourage regular study. 

The students expressed approval of the goal setting but, in fact, did not 

change their work habits. By January 1, 1975, four of these students 

(two old and two new) completed the logic course, two (new students) were 

still working very slowly and irregularly, and two (old students) had 

dropped out. 

Two students, who were friends attending the same school, seemed 

to enjoy competing with each other on the CAl curriculums, and this 

competition apparently stimulated progress. After further inquiry, 

telephone lists of all participating students were mailed to the students. 

However, the students did not make much use of the lists, possibly because 

they were too shy to telephone peers they had not met. 

Conclusions. Without entering into the details of the curriculum, 

let me summarize here the main conclusions we reached. 

First. the high dropout rate experienced with this very special 

and very bright population of students is characteristic of the high 

dropout rates observed in other home-study courses. We left the structure 

of the program very free in order to test whether very able students of 

the~kind we were working with would be able to sustain an interest in 

relatively difficult material over a long period of time. It should also 

be remarked that all of these students had very busy programs both in and 

out of school. We were in fact surprised~ after the program began, to 

find the amount of time some of then were devoting to it. 

Second. on the basis of the high dropout rate experienced~ we 

would conclude that a sustained program of home study for gifted students 
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would require the introduction of considerable structure and also~ 

probably, clear arrangements about academic c~edit for the course work 

done. Perhaps the best arrangement would be to replace part of the 

routine school courses by the advanced courses available at cOQPuter 

terminals for home study, or at the very least to arrange for advanced 

credit for the courses completed. 

From our extensive survey of the literature and from this 

intensive experiment, we believe that arrangements for introducing 

structure providing short-range goals for students, feedback on their 

progress, telephone conversations with proctors, and other forms of 

guidance and interaction need extensive experimentation in order to 

determine the optimal mix for home-study instruction. Our search of the 

literature indicates that there has as yet been very little serious experi­

mentation on these matters. In view of the very large number of students 

engaged in home-study twrk in one forra or another and given the techno­

logical possibilities for the future in terms of more intensive interactive 

courses available in the home, it seeDS most desirable that an extensive 

program of experimentation on the appropriate structures for such courses 

be undertaken~ 

Third, in ordinary studies of achievement of students in different 

technologies~ for example, in the extensive survey of Jamison, Suppes~ 

and \~ells (1974). pretest and posttest achievement measures have been the 

primary instrument of assessment. The extensive data from correspondence 

courses and the restricted but detailed data from the group of very 

gifted students described in the present section indicate that, in the 

case of ho~e-based insruction, the dropout rate is a more significant 

measure of assessment than actual achievement. This is meant in the sense 
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that the primary problem of home-based instruction is to find ways to 

reduce the very large dropout rates encountered. Although the literature 

is extensive, in one sense, with regard to analysis of the causes of 

dropout, it is on the other hand clear that detailed quantitative and 

statistical analysis using relatively sophisticated models has not as yet 

taken place and would almost certainly yield a better understanding of 

the phenomena than we now have. 

Let me end my remarks about work with gifted students by a compari­

son with t~hat I have observed first-hand in the Soviet Union. In the 

early summer of 1972, I served as a special consultant to the United States 

Educational Exhibit touring the Soviet Union. My allocated time was spent 

while the exhibit was in Novosibirsk in central Siberia. One of the things 

I had an opportunity to learn about was the special secondary school for 

gifted students, located in Novosibirsk. A similar school exists in· 

Moscow and one in Leningrad. I had the opportunity to discuss extensively 

the curriculum of the school and also to learn about the procedures for 

selecting the students~ who were brought from allover Siberia to the 

school for three or four years of secondary-school work as full-time 

residential students. The main courses in mathematics, physics, and 

chemistry were taught by university staff, and the residential school 

itself ~as located as part of the university and Soviet Academy institute 

complex called Academe Gorodok, that is, Academic City, .not many kilometers 

from Novosibirsk. Without entering into the details of what I learned 

there~ it is fair to say that there is no comparable effort in the United 

States, although some of the very best secondary schools, as for example 

the Bronx High School for Science, come close. What is ~specially missing, 

however, is the kind of systematic effort at selection and identification 
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of the brightest and ablest youngsters. There is most certainly nothing 

comparable to this procedure of selection in ~ny program for highly 

gifted students in the United States. 

Considering the amount of money that is spent on education in the 

United States, both at state and local levels as \/ell as at t.he Federal 

level, the relative neglect of providing adequately for the special needs 

and enormous potential of our highly gifted students is, as I have already 

said, something of an educational scandal. I would strongly urge the 

Congress to consider giving special attention to the educational needs of 

the gifted. Because of the sparse distribution of highly gifted students 

in particular, the instructional use of computers for such students seems 

especially appropriate. Moreover, what would be learned from highly 

experimental work with these students would almost certainly have an 

enormous payoff in the years to come for a larger population of students. 

Future Technological Possibilities and Their Probleos 

I hope that the numerous exa~ples drawn just from our Stanford 

experience indicate that the instructional use of computers can serve 

students of all ages and of all varieties of capacities and interests. 

What I would now like to turn to are some of the possibilities aud the 

problems of these possibilities that need attention in the future. I have 

organized my remarks under the four broad problems of talking, listening, 

knowing, and learning. 

CO~2uters That Talk 

The first problem is simply that of talking. What does it take to 

get a computer to talk? The fact is that the technical issues are already 

pretty \lell in hand. In our computer system at Stanford we have eighteen 
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channels of independent simultaneous audio and the computer talks 

independently and differently to eighteen students at the same time~ We 

have the capacity for the computer to talk. llliat we need~ however. is a 

better theory about t.hat is to be said. For example, when I serve as a 

tutor~ teaching one of you, Dr when one of you is teaching me,. intuiti\:·,~ly 

and naturally we follow cues and say things to each other withoLt l-Icving 

an explicit theory of how we say what we say. We speak as pa~t cf our 

humanness, instinctively~ on the basis of our past experience~ ?'ut to 

get a computer to talk appropriately, we need an explicit lh~ory of 

talking. 

Computers That ~ 

Long ago, the sophists of Ancient Greece objected to the use of 

written records for instruction because they eliminated the intimate inter­

action between tutor and student. In Plato's dialogue Phaedrus, Socrates 

asserts "only in principles of justice and goodness • _ • taught and communi­

cated orally for the sake of instruction • • • is there clearness and 

perfection and seriousness." The aspect of dialogue that is technically 

difficult for us at the present time~ even more than talking, is that of 

listening. tlithout any question~ the problem of defining computer hardware 

and software that can listen to a student talk is much more difficult than 

having the computer talk to the student. Indeed. I want to emphasize the 

great difficulty of having computers that adequately listen. I recognize 

that it will be many years before fully satisfactory solutions are 

available. 

On the other hand, already several years ago we were able to 

experiment successfully \>lith ten-year-aIds' talking to the computer in 

order to give answers to elementary mathematical problems. Exercises 
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given at home over ordinary telephone lines and consisting of both 

elementary mathematical problems and such sta~dard topics as spelling are 

feasible at the present time from a technical standpoint. 

The great importance of extending the capabilities of cooputers 

that listen in order to give us more powerful educati~nal tools cannot be 

overemphasized. I am sorry to say that almost all of the work that has 

been done up to the present on the technical problems of computers' 

understanding spoken speech has been sponsored not by any of the educa­

tional agencies, as for example the United States Office of Education or 

the National Institute of Education, but by the Department of Defense, 

especially the Advanced Research Projects Agency. In my own mind, the 

educational case is a very much stronger one than the defense case for 

the interest in computers that listen. 

Computers That ~ 

The third part of my discussion concerns the problem of under­

standing the knowledge base. To have an effective computer-based systeo 

of instruction, we must transcend mindless talking and listening and learn 

to understand and use a large knowledge base. For example, if we were 

simply to require information retrieval from a knowledge base, it would 

be rela~ive simple in the future to put the entire Library of Congress in 

every elementary school. The capacity to store information is increasing 

so rapidly that we will be able to store much more information than could 

ever possibly be used by anyone individual. 

A different and more difficult question is how to get the sizable 

knowledge base to interact with the student. As we come to understand 

how to handle such a knowledge base> the school cooputer of the future 

should be able to answer any wayward question that the student might like 
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to ask. Horeover~ as we all know~ once a student uses such a capability, 

he will have a strong tendency to pursue still further questions that are 

more difficult and more idiosyncratic. It lViII, I think, be wonderful 

to see how children interact with such a system; in all likelihood, we 

will see children give to learning a high degree of coqcentration and 

the sustained span of attention they now give to commercial television. 

There is one related point I want to emphasize. From the very 

beginning of school, students learn quickly the "law of the land" and know 

they should not ask questions the teacher cannot answer. This task of 

diagnosing the limitations of teachers begins early and continues thro?gh 

college and graduate school. So, once we have the capacity for answering 

out-of-the-way questions, it will be marvelous to see how students will 

take advantage of the opportunity and test their own capacities with a 

relentlessness they dare not engage in now. 

Computers That Aid Learning 

The fourth problem, and in many ways the least-developed feature 

of this technology, is the theory of learning and instruction. Even if 

we can make the computer talk, listen, and adequately handle a large 

knololledge data base, we still need to develop an explicit theory of 

learnin~ and instruction. In teaching a student~ young or old~ a given 

subject ~atter or a given 5kill~ a computer-based learning system can 

record everything the student does. It can know cognitively an enormous 

amount of information about the student. The problem is how to use this 

information wisely~ skillfully, and efficiently to teach the student. 

This is something that the very best human tutor does well~ even though 

he does not understand at all how he does it~ just as he does not 

understand how he talks. None of us understand hmol we talk and none of 
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us understand how we intuitively interact with someone we are teaching on 

a one-to-one basis. Still, even though our past and present theories of 

instruction have not cut very deep, it does not mean that we have not 

cade some progress. First, we at least recognize that there is a 

scientific problem; that alone is progress. One hundred fifty years ago 

there was no explicit recognition that there was even a problem. In the 

education literature of 150 years ago it was not recognized as important 

to understand the nature of student learning. Only in the twentieth 

century do we find any systematic data or any systematiC theoretical 

ideas about the data. Yhat precedes this period is romance and fantasy 

unsubstantiated by any sophisticated relation to evidence. So at least 

we can say that we have begun the task. 

I want to emphasize that~ in the four possibilities and their 

associated problems that I have mentioned, namely, those of computers 

that talk, listen, know, and aid learning, the primary problems are not 

matters of hardware or technology in a narrow sense but of general 

intellectual investigations of a fundamental kind that will not~ in the 

course of ordinary affairs, be undertaken by industry but that must be 

addressed by Federal programs. Our rate of progress on these matters 

will be determined almost entirely by the level of Federal support and 

the wisdoo of oanagement of the Federal programs that are targeted on the 

possibilities and problems I have discussed. 

Some Possible Federal Programs 

I would like to end on the practical note of stating what, from my 

own Viewpoint, would be important and feasible programs of support for the 

Federal government. 
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I. students. The United States Office of Education or 

some other agency, such as the National Science Foundation, should have a 

special program of support for the use of instructional computers with 

gifted students~ especially the highly gifted. These sparsely distributed 

gifted students should be brought individualized programs, especially in 

basic skills of mathematics and language, at an early age and throughout 

all their years of elementary and secondary education. The returns on a 

program funded at a substantial level t..Tould, in my judgoent ~ exceed the 

return on any of the other Federal programs of educational support at the 

present tiI:le. 

2. Handicapped students. The extensive support programs in the 

Bureau of Education for the Handicapped should be targeted, even more than 

they are currently, on the use of computer technology for the education of 

the handicapped. In many ways, excellent programs of support are now 

already under way at the Bureau. I would urge Congress to review these 

programs from time to time and to insist that appropriate advantage is 

taken of the increasingly sophisticated technology that is available for 

instructional purposes. 

3. Disadvantaged students. There is an increasing use of 

computers for supplementary instruction in basic skills~ especially basic 

skills of reading and mathematiCS, with disadvantaged students. The use 

of instructional computers for this purpose should be encouraged and 

enhanced in the revision of the Elementary-Secondary Education Act of 

1965, nOH' pending in Congress. 

4. HOMe-based instruction. The proposition that we are becoming 

a nation of learners deeply committed to continuing education is supported 

by a variety of current data. For example, in some of the cOIDounity-
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college districts in California more than twenty percent-of the entire 

adult population--not just the cOllege-age group--are enrolled in at 

least one course. Direct electronic delivery of a wide variety of courses 

to the home is increasingly feasible. A program of support to accelerate 

current efforts would be timely. 

5. Research and development. Finally~ I strongly urge that 

consideration be given by Congress to a program of research and development 

dealing with the four main problems I discussed earlier. A program at a 

substantial level could accomplish a great deal to rapidly facilitate the 

extensive use of conputers for instruction. The total R&D dollars now 

being spent by the Federal government for research on the instructional 

use of computers is very small indeed. A much larger program ~.,ould not 

be excessive and could be practically absorbed by the research and 

development cOll4llunity.. I would also emphasize that the R&D programs 

falling within such a general framework would~ in many cases, be 

concerned with highly developmental experimental programs that would in 

themselves have direct educational benefits. I believe it is fair to say 

that ouch of our work at Stanford has been exactly of this character. 

lle are sitting on the edge of a revolution in the way in "hich 

instruction is delivered to students of all ages and varieties. It has 

been one of the great pleasures of my life to have been a part of the 

beginning of this revolution. I hope that the Federal gov~rnment will 

provide strong support for this constructive direction of change 

throughout the rest of this century. 
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TABLE I 

University-Level Computer-Assisted Courses at Stanford, 1972-75 

Course 

Philosophy 57 
Introduction to Logic 

Philosophy 161 
Set Theory 

Slavic Lang. 211 
Old Church Slavonic 

Slavic Lang. 
Bulgarian 
Slavic Lang. 212 
History pf Russian 
Literary Language 

BASIC Instructional 
Program 
Computer Science 206 
LISP 
Music (ear-training) 

Music 21 

--
Music 22 
Music 23 
Music 103 
Music 27 

. 
Number of Students per 
Academic Year 

1972-73 1973-74 1974-75 

56 

s 

3 

4 

18 
5 
5 

160 

2 

0 

4 

100 

_b 

42 
19 
26 

6 

209 

12 

4 

"200 

79 

41 
23 

8 

33 

Avg. Number of 
Student Hours at 
Computer Terminal 

70 for A 
54 for PASS 

51 for A 
31 for PASS 

30 

35 

30 

10~ 

93c 

d 

a BIP students were limited to ten hours of time for experimental reasons. During 
unlimited pilot runs, students have taken up to 30 hours to complete the course. 

b During 1973-74. LISP was taught at Stanford using the IMSSS machine; but 
students logged in as users, and there was no special CAl for LISP. 

C LISP students spent an average of 69 hours in the LISP interpreter, and 24 hours in 
the LISP CAl system. 

d . The students had restricted terminal time. 




