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PAST, PRESENT AND FUTURE EDUCATIONAL TECHNOLOGIES
Patrick SUPPES

Institute for Mathematical Studies in the Social Sciences
Stanford University. Stanford, California, USA

What I would like to do today is to try to put the current efforts in

educational technology in historical perspective. In fact, I want to

take a very long historical view in making these remarks and then show
how they are related to the present.

Pas

Educational Technologies

I can identify four major technological innovations of the past that are
comparable to the current computer revolution.

Written Records

The first is the introduction of written records for teaching purposes in
ancient times. \le do nmot know exactly when the use of written records for
instructional purposes began but we do have, as early as Plato’s Dialogues,
written in the fifth century B.C., sophisticated objections to the use of
written records.

Today no one would doubt the value of written material in education, but

there were very strong and cogent objections to this very earliest innovation
in education. The objections were these: a written record is very impersonal;
it is very uniform; it does not adapt to the individual student; it does not
establish rapport with the student. In other words, Socrates and the ancient
Sophists, the tutors of students in ancient Athens, objected to introducing
written records and destroying the kind of personal relation between student
and tutor that was a part of their main reason for being.

It has become a familiar story in our own time that a technological innovation
has side effects that are not always uniformly beneficial. It is important to
recognize that this is not a new aspect of innovation but has been with us
from the beginning.

Books

The second innovation of great historical importance in education was the

move from written records to books. In the western world we identify the
beginning date of this innovation with the printing of the Gutenberg Bible

in 1452. 1t is also important to recognize that there was extemsive use of
block printing in Korea and China three or four hundred years earlier. Nearly
half a millennium later it is difficult to have a vivid sense of how important
the innovation of printing turned out to be. In the ancient world of the
Mediterranean there were only a few major libraries, and by a few 1 mean a
number that you could count on the fingers of one hand. One of the famous
aspects of Alexandria, for example, was the wealth and magnitude of its
libraries, and the Alexandria of 100 B.C. had very few competitors. The
reason for this is obvious: It was impossible to have large numbers of copies
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of manuscripts reproduced when all of this had to be done tedlously by haad.
The introduction of printing fn the 15th century produced a radical
innovation—indeed a cevolution——in the distribution of intellectual and
aducational materiala. By the middle of the l6th century, 100 years later,
throughout Europe not only Institutions but wealthy families as well had
1tbraries of serious proportions.

On the other hand, there were definite technologlcal side effects that were
not uniformly beneficial. Those of you who know the art and the beauty of the
medfeval manuscripts that praceded the introduction of printing can appreciate
that it was regarded by some as a degradation of the atate of reproduction to
move to mass printing from the beautiful hand-produced manuscripts of the
earlier period.

it 18 also {mportant to have & sense of how aslow the impact of a technological
inpovation can sometimes be, It was not until the end of the 18th century
that books were used extensively for teaching fn schools. In the case of
arithmetlc, for example, most teachers continued to use oral methods throughout
the l9ch century and it was not until almost the begianing of this century
that appropriate elementary textbooks in mathematics wers available. It is
certainly my hope that it will not take us 500 years to distribute computars
into schools, a figure comparable to what it took to distribute books into
schools for the teaching of mathematics. Fortunately the scale of dissemina-
tioa in cthe modern world is of an entirely different order from what it was

in the past. Perhaps my favorite example of this is the estimate that Lt took
over five years for the news of Julius Caesar’s assassination to reach the
furchest corners of the Roman Empire. Taday such an assassinatlon would be
known throughout the world {n a matter of minutes.

With regard to the pace at which books have been introduced into education, it
would be a mistake to think that there was something peculiar about the use of
methods of recitation in the elementary school until late in the 19th centuryd
stories of a comparable sort also hold at the university level. According to
at least one account, the last professor at the University of Cambridge in
England who insisted on following the reclitative tradicion that datez back to
the Middle Ages was C. D. Broad. He Insisted on dictating and then repeating
each sentence so that students would have adequate time to write each sentence
exactly as dictated. I cannot imagine contemporary university students”’
tolerating such methods.

Mass Schooling

The third innovation, and again one that we now accept as a complete and
natural part of our society, is mass schooling. We have a tendency in talk
about our society to put schools and families into the same category of major
institutions. But it is extremely important to recognize the great psycho-
logical difference between the status of the family and the status of schools.
Families are really deep into our blood and our culture. The evidence of
families” being in one form or amother the most important cultural unit goes
back thousands of years. Schools are not at all comparable; they are, we
might say, very much Johnny-come-lately tc our culture. A hundred years ago
in 1870, for example, only two percent of young people graduated from high
school in the United States. A hundred years before that only a very small
percentage even finished third or fourth grade. I cannot give you an exact
percentage because our recordkeeping, that is, our social statistics, are not
much more than a hundred years old and we have no serious idea of how many
students were actually in school two hundred years ago, except that we do
know that the number was quite small.
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Even as short a period as fifty years ago, in most of the world less than one
percent of the population completed secondary school. During the recent
upheavals connected with the "cultural revolution" in China the elementary
schools, not to speak of colleges and secondary schools, were closed for
several years. In our society as we now think of it, it is unbelievable to
contemplate closing the elementary schools for such a period of time. From a
Chinese historical perspective, however, it was not such an important matter,
for Chinese culture extends back continuously several thousand years and there
is in that cultural tradition no salient place for schooling.

In many developing countries of the world today the best that can be hoped is
that the majority of the young people will be given four grades of elementary
school. Until the population growth is brought in check, it will take all of
the resources available to achieve this much. The position of America as a
world leader in education is sometimes not adequately recognized by my fellow
Americans, because we accept as so much a part of our culture the concept of
all young people completing secondary school and a high percentage going on to
college. In fact, our leadership in creating a society with mass education is
perhaps one of the most important aspects of American influence in the world.

As recently as the latter part of the 19th century the distinguished British
philosopher, John Stuart Mill, despaired of democracy’s ever really working
anywhere in the world for one reason--it was simply not possible to educate
the majority of the population. In his view it was not possible to have a
significant percentage of the population able to read and to be informed about
political events. As in the case of many such predictions, he was very much
in error. The revolution in mass schooling is one of the most striking
phenomena of the 20th century. 1 would certainly place it on my own list of
the five most important modern irnovations in world culture.

Testing

The fourth educational innovation is testing, which is in many ways older than
the concept of mass schooling. The great tradition of testing was first
established in China; testing there began in the fifth century A.D. and became
firmly entrenched by the 12th century A.D. There is a continuous history from
the 12th century to the end of the 19th century in the use of tests for the
selection of mandarins~-mandarins constituted the civil servants who ran the
imperial government of China. These civil service positions held by mandarins
were regarded as the elite social positions in the society. The importance of
these tests in Chinese society is well attested to by the literature of
various periods. 1If one examines, for example, the literature of the 15th or
16th century, then one is impressed by the concern expressed for performance
on tests. A variety of literary tales focused on the question of whether sons
would successfully complete the tests and what this would mean for the family.
(As you might expect, in those days women had no place in the management of
the society and no place as applicants for civil service positions.) The
procedures of selection were as rigorous as those found in a contemporary
medical school or a graduate school of business in the United States, and in
many periods less than two percent of those that began the tests, which were
arranged in a complicated hierarchy, successfully completed the sequence and
were put on the list of eligible mandarins.

Although testing has a history that goes back hundreds of years, in many ways
it is proper to regard testing as a 20th century innovation because it was
only in this century that the scientific and technical study of tests began.
It i1s only in this century that there has been a serious effort to understand
and to define what constitutes a good test for a given aptitude, a given
achievement, or a given skill. Moreover, this intensive study of testing from
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a technical standpoint was primarily a focus of American research by such
educational psychologists as Edward L. Thorndike. The tradition that
Thorndike began has become & major one fin our soclety and it is a source of
continual controversy i{n terms of issues of falrness, objectivity, etc.
Certainly the current discusslons of the reasona for the declines in the
verbal and machematical scores on the Scholastic Aptitude Tests taken for
college entrance provide an excellent example of the kind of detailed scrutiny
we give to our tests that is completely uncharacteristic of any tradition of
testing whether fa China, Europe or the United Stactes prior to this century.

The four innovatfons that I have discussed-—written records, books, schools,

and tests—are the very fabric of our educational system today. It is almost
unthinkable to contemplate a modera educational system without each of these

innovations playing an importaat part.

Of cthese four technologies, none had bean in any way adequately forecast or
outlined at the time it was introduced. Of course, a few individuals foresaw
the consequences and had something to say about those consequences, but
certainly the detalls of the use of any of these four technologies had not
beza adequately foreseen. 1 am certain chat the same thing will be true of
technologies now developing for use in the future, and so I do not want to
appear confildenr chat what I say is a correct scenario for the future. But I
want to say something about each of the four. First, I have mentioned, and I
want to emphasize again, the very recent and histovrically very transfent
character of schools. It is a pheromenon in a general sensa of the last
hundred years in the most developed parts of the world, and a phenomencn of
the last thirty years (that is, since Vorld War II) in the undardeveloped
parts of the world. How, an important question for the future is this: 1In
fifty years or one hundred years, will we abolish schools? Will we deliver
into the home, or into small nefghborhood units by technological means all
curriculum and instruction? Further, will the wish of the individual, the
family, the parents, or the neighborhood group be such that they will not
want thelr children in school; but rather want them at home or in the
neighborhood? I think the answers to these questions are not easy to

predict or to faresee.

The same kind of forecast may be made for books. The importance of books that
we have felt for several hundred years, since the beginning of the Renalssance,
and that has been associated with the development and education of an fnformed
citizenry, may once again fade away. I think that all of us, at least those
of my age, have seen this already in the case of young students. Some recent
studies have indicated that the cultural reference points for the younger
generation are na longer to be found in books, or in current novels, but on
television and in movies.

In the case of tests, I also predict that this classical technology will
decrease in importance. I believe that tests will decrease in importance
because we will have the technological means to keep a much wore satisfactory
and much more detailed record of the learning of individual students-. Thus
our inferences about the perfarmance of students and thelr capabilities for
taking next steps will depend upon a much more substantial record, a much
better basis of inference than we have in current tests.

Finally, what about the written record? The written record will undoubtedly
continue to have importance, but I think that when it comes to teaching, the
objections found in Plato’s Dialogues to the cold and neutral written word as
opposed to the warm and friendly voice of the teacher will once again be heard
and felt as serious objections. What I am saying is that, in starting to
think about the future, we can forecast obsolescence or semicbsolescence for
all of the great technologies of the past—-and that is proper and appropriate.
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Present Educational Technologies

There are three salient new technologies in education: radio, television,
and computers.

Radio

The use of radio for instruction goes back more than twenty years, but it is
not extensively used in the United States at the present time. I am currently
associated with a large project in Nicaragua using radio for teaching
elementary~-school mathematics, and I think that instructional radio has an
important role to play in developing countries. It is fair to say that the
most important worldwide revolution in communication is not the telephone and
not television but radio. Most developing countries are saturated with radio
stations, and the spread of tranmsistor radio sets, especially small portable
ones, 1s a worldwide phenomenon.

Television

Twenty years ago there were optimistic forecasts about the extensive use of
television for educational purposes. For a variety of reasons this extensive
educational use of television has not developed as rapidly as forecast. The
general impact of television is recognized by everyone and is one of the most
important and most salient cultural aspects of our society. Recently the
educational use of television in the United States, especially at the
community~college level, has begun to show a marked increase. I would predict
that especially for financial reasons this increase will continue; it is
simply going to be very much more economical to broadcast courses to off-campus
students than to invest in additional capital plant for housing students. The
concern for energy conservation, the prohlems of transportation in many urban
areas, the increasing focus on making the home a learning center-—all of these
factors should contribute to the more widespread use of educational tele-
vision, especially at the adult level. The impact at the other end of the
scale of such programs as Sesame Street has also been widely recognized, and
programs of this character will continue to play an important role. Although
I recognize the importance that television has in our society and its
increasingly prominent role in education, I shall not say nore about it inm

the present talk but move on to computers.

Computers

I begin with a quick survey of our work at Stanford. Work in computer-—
assisted instruction (CAIL) at the Institute for Mathematical Studies in the
Social Sciences, Stanford University, began in 1963. During the first decade,
most of the work was concerned with the development of computer-based
curriculums for elementary schools, especially in mathemsaties and reading.

Elementary-school Mathematics

I describe briefly here the current version of elementary-~school mathematics
at the drill-and-practice level offered by Computer Curriculum Corporation
(CCC). Thig curriculum has a close resemblance to the curriculum that was
developed at the Institute in the 1960s. It is similar in general structure
but differs in many specific details. ﬂescription of it will provide a good
example of the use of computers for instruction at the elementary-school
level on a current basis in the United States.
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The currlculum Is organized into strands. The exerclses, described in more
detail below, are generated randomly from item—type descriptions in the CCC
curriculum, whereas in rthe Institut2’s curriculum they were fixed exercises
of a [ixed number. This means chat the motica 0f a student through the CCC
curriculum Ls probably a closer approximation to his actual level of achieve-
ment than is the case with the Institute’s curriculum. The CCC curricolum
differs in a aumber of other respects that will not be described here.

A strand represents one content area withim a curriculum. For example, a
division strand, a decimal strand, and an equation strand are {ncluded {a che
Mathematics Strands currfculum. Each strand is a string of related items
whose difficulty progresses from easy to hard. A computer program keeps
records of the student’s position and performance separately for every strand.
By comparing a student’s record of performance on the material inm one atrand
with a preset performance criterion, the program determines {f the student
neads more practice at the same level of difficulty within the strand, should
move back to an easier level for remedial work, or has mastered the current
concept and can move ahead to a more difficult level. Then the progran
automatically adjusts che student ‘s position to the correct level wichin the
strand. The process of evaluacfon and adjustment applies to all atrands and
is continuous throughout each student’s interaction with a curriculum.

Evenly spaced gradations in che difficulty level of the material allow
positions within & strand to be matched to school grade placements by tenths
of a year. Grade placement in a specific subject area can then be determined
by examining a student’s position in the strand representing that area.

Since performance in each strand is recorded and evaluated separately, the
student may have a diffevent grade placement in every strand of a curriculum.
Teachers ® reports, available as part of each curriculum, record progress by
showing the student ‘s grade placement inm each strand at the time of the
report.

In a curriculum based on the strands instructlonal strategy, & normal lesson

consists of a mixture of exercises from different strands. Each time an item
from a particular curriculum is to be presented. a computer program randomly

selects the strand from which it will draw the exercise. Random selection of
strands ensures that the student will recefve a mixture of different types of
items instead of a serfes of similar iteas.

Each curriculum also provides for rapld gross adjuatment of position inm all
the strands as the student is first beginning work ir the course. Students
who perform very well at their entering grade levels are moved up in half-year
steps until they reach a more challenging level. Students who perform poorly
are moved down in half-year steps. This adjustment of overall grade level
ensures that students are correctly placed in the curriculum and is in effect
only during a student’s first ten sessions.

Mathematics Strands, Grades 1-6, contains l4 strands, or content areas.
Table 1 lists the strands in the mathematics curriculum. The curriculum
begins at the first-grade level and extends through grade level 7.9. The
seventh-grade material does not constitute a complete curriculum for that
grade year but is intended as enrichment for students who complete the
sixth-grade material. (A separate CCC curriculum {s devoted to seventh-
and eighth-grade mathematics.)
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Table 1

The Strands in Mathematics Strands, Grades l-6

Strand Name Abbreviation
1 Number Concepts NC
2 Horizontal Addition HA
3 Horizontal Subtraction HS
4 Vertical Addition VA
5 Vertical Subtraction VS
6 Equations EQ
7 Measurement MS
8 Horizontal Multiplication HM
9 Laws of Arithmetic Lw

10 Vertical Multiplication |
11 Division DV
12 Fractions FR
13 Decimals DC
14 Negative Numbers NG

Each strand is organized into equivalence classes, or sets of exercises of
similar number properties and structure. During each CAI session in
mathematics, students receive exercises from all the strands that contain
equivalence classes appropriate to their grade levels. For example, a student
at grade level 2.0 will receive exercises from seven strands: NC, HA, HS,

VA, VS, EQ, and MS.

Students do not receive an equal number of exercises from all strands. The
program adjusts the proportion of exercises from each strand to match the
proportion of exercises covering that concept in an average textbook.

The curriculum material in Mathematics Strands, Grades 1-6, is not stored in
the computer ’s memory but takes the form of algorithms that use random—-number
techniques to generate exercises. When a particular equivalence class is
selected, a program generates the numerical values used in the exercise,
produces the required format information for the presentation of the exercise,
and calculates the correct response for comparison with student input. As a
result, the arrangement of the lesson and the actual exercises presented
differ between students at the same level and between lessons for a student
who remains at a constant grade placement for several lessons.

Extensive evaluation of this curriculum has been repo}ted in the literature.
A good recent reference is Macken and Suppes |1j.

University-level Computer-assisted Instruction

Beginning in the late 1960s, work at the Institute began to focus more on the
possibilities of CAI 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 Morningstar {2{. The work in Slayic languages has now shifted from the
beginning courses to intermediate courses that have small enrollment.
Computer—assisted instruction is offered in such relatively esoteric topics
as 0ld Church Slavonic and the linguistic history of the Russian language.

59



&0 P. SUPPES

Une of the earliest curriculum efforts for the elementary school was the
davelopment of a course in logic for gifted elementary-school students. In
the lace 1960s, efforta turned to the development of & correspoading couras

ia logic for university students. Over cthe past few years the continued
development and improvement of this course has been one of the central efforts
io CAL at the Institute., Recently, the efforts in logic have moved Lo the
intermadiate level as a primary focus of research and development. A greater
affort Ls now being put Into axiomatic set theory, and future efforts at a
similar level are anticipated. Curriculum outlines of these two courses are
given in Tables 2 and 3.

Table 2

Curriculum for Introduction to Loglc (CAL Version)

Chapter Topic Lesson

*Pass © Sequence

I PROPOSLTIONAL LOGIC 401--40¢

A. Semantics

B. Syntax

C. Inference rules, decivations
D. Validity, counterexamples

II INTEGER ARITHMETIC 410-420

A, Equalicy

B. Axioms, deffnitions, and theorems
C. Commutative groups

D. Nouncommutative groups

III FINDING AXIOMS 621
v PREDICAIE LOGIC 422-429

A. Symbolization

B. Rules ot inference, derivatious
C. Interpretatfons

D. Consisteacy, independence

E. Logic of ideantity, sorts

Letter=-grade sequences

VI BOOLEAN ALGEBRA 601-603
VII QUALLTATIVE PROBABILITY 8001

VIII SOCIAL DECISION THEORY 501=506
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Table 3

Curriculum for Axiomatic Set Theory (CAI Version)

Chapter Topic
1 INTRODUCTION AND HISTORICAL SURVEY
II ELEMENTARY SET THEORY

A. The algebra of sets

B. Abstraction

C. Power sets, Cartesian products, generalized unions and
intersections

D. The axiom of regularity

I1I RELATIONS AND FUNCTIONS
A. Ordering relations

B. Well-ordering
C. Functions

v EQUIPOLLENCE, FINITE AND INFINITE SETS
v CARDINAL NUMBER THEQRY
Vi ORDINAL NUMBER THEORY

A. Ordinals
B. Transfinite induction
C. Definition by recursion

VIiI THE AXJOM OF CHOICE AND ITS EQUIVALENTS

Courses in music and computer programming have been developed for use at the
university level as well. Individualized CAI in music has been applied to
theoretical and instructional investigations in a number of different courses.
Previous CAI 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 CAI course in LISP into
the university curriculum.

Productivity in CAI

The reason for the emphasis on small-enrollment courses is to a very
considerable extent a matter of productivity |3|. The initial impetus for
the course in axiomatic set theory was the loss of a 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 American 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. Still, such courses represent an important function of the
university in transmitting intellectual knowledge and skills from one
generation to the next.
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One of our main alms in CAI research and developmentc at the Lnactlitute is to
show how these speclallzed courseg can be maintaloned at reasonable cost In the
future by approprlate use of computer technology. Our alm ls to iacrease the
teaching load of faculcies in rerms of courses offered, and one of our
subsidiary aims, consequently, is to Llmprove the abilicy of CAI to provide
effective instruction with litcle or no intervention required of the
inscructor. A few teaching assistants, available at scheduled hours through
the day and esvening, work fn conjunction with each course; the ipnatructor
himself ls free to supervise further development of CAI courses or to consulb
on an {ndividual basis with students and teaching assistants.

Complex Instructional Systems

I have emphasized thus far rthe importance of produccivity considerations in
our attitude toward CAL at the college level and fa our approach Lo making
it a viable and permanent part of collepge-level instructfon. There 1s,
however, an important corallary to this approach that needs to be emphasized
and that generates 3 number of fundamental and intellectually challenging
problems of computer science.

It seems likely that elementary courses of several kinds can be givea without
radlcally advanciang the present cechniques of CAL and without calling upon
deeper methods of program coastruction For Lnteraction between student and
computar.

However, as we push toward increasingly tutorial toplcs and topics at an
intermediate level of difficulcy (exemplified, for instance, by courses that
are primarily mathematically based in their foundations such as the course in
axiomatic set theory), the aeed for work at the froantlers of computer science
becomes evident. The courses at this level will be viable and therefore
productive only 1f the techniques of instruction are rich enough to provide

a challenge to the students and a realistic range of optlions corresponding to
what one might expect in such a course taught by traditional methods.

In the case of mathematically based courses, the primary need is clear.
Techniques of proof that approach infermal methods of mathematical argument
are absolutely essential in order mct to f{nvolve the student in an inordinate
amount cf tedious detafl. Moving from formally explicit proofs to informal
ones is a central intellectual problem of artificial intellipence and computer
science: the construction of a model of infcormal mathematical reasoning. Our
current efforts here have borrowed from artificial intelligence technlques of
theorem proving and axiomatic representation of mathematical reasoning. It
has also been necessary to add to these techniques, and our current proof
checker for set theory 1s believed to be the most sophisticated such program
in the world being used by students without any training or experience i(n
programming (and not requiring any).

Closely associated with the problem of informal proof methods is the problem
of the language in which the student gives a proof, and the ways in which the
program can explain and elucidate a proof to the student. A proof checker for
these advanced courses must be able to accept proofs in an informal style that
approaches a fragment of English. I feel that by concentrating on the
restricted domain of mathematical proofs it will be feasible to have a
relatively rich and adequate use of natural language in this setting, and that
with reasonable time and effort we shall be able to duplicate the kinds of use
of natural language characteristic of the writing of mathematical proofs in
the best textbooks.
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A problem of greater difficulty is the development of techniques for conducting
a dialogue between student and program about a given proof on which the student
is engaged. We want the program to be able to make helpful and useful comments
contingent upon the student s work. We want these comments to be relevant,
pertinent, and natural in tone. We do not believe that these dialogue problems
will be solved in any reasonable completeness in the near future. There are

as yet very few examples of natural dialogues between student and computer
program. Two systems that show great potential are SCHOLAR |4| and SOPHIE |5].
While both of these programs are significant artificial intelligence programs,
they have not yet been used on a regular basis by students in a standard
educational setting. An important feature of our work at the Institute is

that all of our efforts are directed toward real courses and answer known
pedagogical needs.

Another interesting use of computer-science techniques occurs in the BASIC
Instructional Program (BIP). Here the focus of our effort has been to select
instructional material and order its presentation for the individual student.
This is done by using networks representing skills and tasks, which are
compared to profiles for each individual student.

The emphasis on the application of these computer-science techniques to '
university instruction has necessitated a different programming environment
than most other CAI projects. For example, we have chosen to use the highly
interactive TENEX timesharing system on our PDP-10 computer, and have
implemented and extended several programming languages originally designed
for artificial intelligence research. These languages contain data and
control structures that are far more advanced than the structures found in
traditional CAI languages such as TUTOR, PILOT, INST, and COURSEWRITER.

Intellectual Problems of the Future

Computers That Talk

Let me break this discussion of intellectual problems into four parts that
will take us back through some of the earlier technologies. The first problem
is simply that of talking (oral speech). What does it take to get a computer
to talk? The fact is that the technical issues are already pretty well in
hand. Perhaps the reader saw on television "The Forbin Project'"-—a movie
about two large computers in the Soviet Union and the United States getting
together to dominate the world. To the cognoscenti who have seen that movie,
let me make a casual remark about talking. A technical criticism of the movie
is that the two very large and sophisticated computers were conducting only
one conversation at a time. Already in our computer system at Stanford we
have eighteen channels of independent simultaneous talk and the computer talks
independently and differently to eighteen students at the same time. So you
see, we have the capacity for the computer to talk. Vhat we need, however, is
better information about what is to be said. For example, when I serve as a
tutor, teaching one of you, or when one of you is teaching me, intuitively and
naturally we follow cues and say things to each other without having an
explicit theory of how we say what we say. We speak as part of our humanness,
instinctively, on the basis of our past experience. But to satisfactorily
talk with a computer we need an explicit theory of talking.

Computers That Listen

The replacement of the written record, the kind of record that was objected
to in Plato”s Phaedrus, can be available to us in the talking computer. The
other side of that coin which Socrates also emphasized, or should have
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emphasized, concerns listening. It is & much more difficule rechnical
problem. The problem of destgning a computer that can listen to & student
talk is much more difficult than having a student listen to the computer
talk. However, the problems are solvable. For example, we just completed
our first experiments with ten-year—-olds talking to the computer in order to
give answers to elementary mathematical problems. Our current exercise, to
give you a sense of where we are in a classical curriculum, ts spelling over
the telephone. We call the student at home and give him five or ten minutes
of spelling lessons. During this period he spells orally and the computer
tries to recognize what he has spelled. This recognitlion problem has proved
to be difficult but not Lmpossible operationally.

The Use of Kuowledge

The chird part of my discusasion concerns the problem of understanding the
knowledge base. To have an effective computer-based system of fastruction,

we must transcend mindless talking and listening and learn to understand and
use & large knowldge base. For example, If we were simply to require
information retrieval from a knowledge base, it would be relatively simple

Lo the near future to put the entire American Library of Conpress {n every
elementary school. The capacity to store information f3 increasing so rapidly
that we will be able to store much more information than could ever posslbly
be used.

A different and more difflcult question 1s how to get the sfzable knowledge
base to interact with the student. As we came to understand how to handle
such a knowledge base, the school computer of the future should be able to
answer any wayward question that the student might like to ask. Moreover,

as we all know, oace a atudent uses such a capability, he will have a strong
tendency to pursue still further questions that are more difffcult and more
idiosyncratic. It will, I think, be wonderful to see how chlldren Lateract
with such a system; in ail lLikelihood, we will see children give to learning
the high degree of concentration and the sustained span of attentiom 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 through 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.

Need for Theories of Learning and Instruction

The fourth problem, and in many ways the least-developed feature of this
technology, is the theory of learning and instruction. We can make the
cormputer talk, listen, and adequately handle a large knowledge data base, but
we still need to develop an explicit theory of learning and instruction. In
teaching a student, young or old, a given subject matter or a given skill, a
computer-based learning system can keep a record of everything the student
does, 1t can know cognitively an enormous amount of information ahout the
student. The problem is how to use this informatior 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 understands how we
talk and none of us understands how we intuitively interact with someone we
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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 made 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. There is not
stated in the education literature of 150 years ago any view that it is
important to understand in detail the process of learning on the part of the
student. Only in the 20th century do we find any systematic data or any
systematic theoretical ideas about the data. What 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.

Concluding Note

The final issue I wish to discuss is the place of individuality and human
freedom in a modern technological society. The crudest form of opposition to
widespread use of technology in education amd in other parts of society is to
claim that we face the real danger of men becoming slaves to machines. This
argument is ordinarily made in a romantic and naive fashion by those who seem
themselves to have little understanding of science or technology and how it
is used in our society. The blatant naiveté of some of these objections is
well illustrated by the story of the man who was objecting to all forms of
technology in our society and then interrupted his diatribe to say that he
had to rush off to telephone his dentist about an appointment.

No scientifically informed person seriously believes that our society could
survive in anything like its present form without the widespread use of
technology. It is our problem to understand how to use the technology and to
benefit wisely from that use. Indeed, the claim about slavery is just the
opposite of the true situation. It is only in this century that widespread
use of slavery has been abolished, and it may be claimed by historiams of the
distant future that mankind could not do without slavery, because just as
human slaves are being abolished, within a short time span they will be
replaced by machine slaves whose use will not viclate our ethical principles
and moral senmsibilities.

One can indeed imagine a historical text of 2500 or 3000 A.D. asserting that
for a short period in the latter part of the 20th century there was little
slavery present on earth. But then it was discovered that machines could be
made that could do all the work of human slaves, and so in the 2lst century
the luxury of slaves, and the personal service they afforded, was brought not
to the privileged few, as had historically been the case before the 20th
century, but to all people on earth.

In our judgment, the threat to human individuaity and freedom does not come
from technology, but from another source that was well described by John Stuart
Mill in his famous essay On Liberty. He said,

+ o e the greatest difficulty to be encountered does not lie in
the appreciation of means toward an acknowledged end, but in the
indifference of persons in general to the end itself, If it were
felt that the free development of individuality is one of the
leading essentials of well-being; that is not only a co-ordinate
element with all that is designated by the terms civilization,
instruction, education, culture, but is itself a necessary part
and condition of all those things; there would be no danger that
liberty should be undervalued, and the adjustment of the boundaries
between it and soecial control would present no extraordinary
difficulty.
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Just as books freed serious students from the tyranny of overly simple methods
of oral recitation, so computers can free students from the drudgery of dolnp
exactly similar tasks unadjusted and untailored to their individual needs.

As in the case of other parts of our society, our new and wondrous teclinology

is there for beneficial use. It is our problem to learn how to use it well.
When a child of six begins te learn in school under the direction of a teacher,
he hardly has a concept of a free intelligence able to reach objective knowledge
of the worlid. He depends heavily upon every word and gesture of the teacher

to guide his own reactions and responses., This intellectual weaning of children
is a complicated process that we do not yet manage or understand very well.
There are too many adults among us who are not able to express their oun
feelings or to reach their own judgments. We would claim that the wise use of
technology and science, particularly in education, presents a major opportunity
and challenge. We do not want to claim that we know very much yet about how to
realize the full pctential of human beings; but we do not doubt that our modern
instruments can be used to reduce the personal tyranny of one individual over
another, wherever that tyranny depends upon ignorance.
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