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THIRD ANNUAL DEAN LECTURE
THE FUTURE OF COMPUTERS IN EDUCATION®

Patrick Suppes?
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In view of the many years I have been working in
computer-assisted instruction (CAI), it would be
possible for me to spend the rest of the day talking
about the current state of CAI and where we will be 10
years from now. I have also recently written an ex-
tensive survey on current trends in CAI (in press). Just
to read that survey to you would take about three
hours.

The wise thing, therefore, seems to be to concentrate
on the areas I know best in terms of current efforts,
namely, the work at Computer Curriculum Cor-
poration (CCC) and our research at Stanford
University. I end with some thoughts about the future.

CAI COURSES OF
COMPUTER CURRICULUM CORPORATION

At the public-school level the largest number of
students participating in CAI are those taking courses
offered by Computer Curriculum Corporation, with
which I am associated. At the time of writing this
article in early 1979, more than 150,000 students are
using the CCC courses on an essentially daily basis.
This usage is spread over the country, with systems in
24 states. As those of you who are familiar with
federal assistance to education in this country can
easily surmise, the use of CAI has been mostly directed
as a supplement in categorical areas of support. This
mainly means supplementary work for disadvantaged
or handicapped students, although there is also some
emphasis on the problems of bilingual children.

Because the only really practical possibilities for
putting CAI into the schools on an operational basis
exist in relation to federal programs of support, the
main effort at CCC has been in the development of
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drill-and-practice courses that supplement regular
instruction in basic skills. Moreover, this con-
centration in basic skills has itself primarily been in
reading and mathematics. The 15 courses offered
currently by CCC are listed in Table 1. The three most
widely used curriculums are the Mathematics Strands,
Grades 1-6; Reading, Grades 3-6; and Language Arts,
Grades 3-6. However, the newer courses. Reading for
Comprehension, Grades 3-6, and Problem Solving,
Grades 3-6, are being rapidly adopted by a number of
the schools that have been using the earlier courses.

Table 1. CAl Courses Offered by Cempufer
Curriculum Corporation.

Mathematics Strands, Grades 110 6
Reading, Grades 3to é
Reading for Comprehension, Grades 3106
Language Arts Strands, Grades 310 é
Language Aris Topics, Grades3%06
Mathematics, Grades7 &8
Critical Reading Skills
Adult Arithmetic Skills
9. Adult Reading Skilis
10. Adult Language Skills !
11. Adulf Language Skills il
12. GED Preparation Course
13. Fundamentals of English
14. Introduction to Algebra
15. Problem Solving, Grades 3to é

PRNOVE WP

The secondary-school courses are being used with
increasing frequency, although the main work is still
concentrated in the elementary school. The courses
Fundamentals of English and Introduction to Algebra
provide a good basis for strengthening basic skills at
the high school level. These courses come closer to
being tutorial than simply drill and practice.

Grade Placement and Standardized Tests

A topic of particular interest is the relation between
CCC grade-placement values and standardized-test-
score grade equivalents, because the CCC curriculums
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are organized in terms of strands that permit students
to move ahead in each skill area relatively in-
dependently of his movement in the other strands.

As an example, I summarize here a study of the
relationship between grade-placement values and
standardized test scores reported in Macken and
Suppes (1976). These results use data for hearing-
impaired students in Florida and Texas during the
1973-74 school year. The data collection consisted of
pre- and posttest achievement scores and grade-
placement scores in the CCC language arts, reading,
and mathematics curriculums. A wide variety of
achievement tests was used by various schools, but I
shall not attempt to summarize those facts here. To
determine the relations between CCC grade-placement
scores and posttest scores, the following two
regression models, one a linear model and one a
quadratic model, were considered:

(1} y=ag+ bx and
2) y=a+ bx + cx*

where y is the posttest grade equivalent, x is the CAI
final grade placement, and @, b, and c are parameters
to be estimated for a particular group and posttest. By
CAI final grade placement we mean the grade-
placement score assigned the student by the computer
at the end of the year.

The correlation coefficients given by the regression
models were high, ranging generally above .7. In only
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Figure 1. Scatterpliot and regression line for
posttest 3 and final grade placement of the
mathematics curriculum at the schools for the
deaf in Austin, Houston, and San Anfonio (v =
37T + .97).

two cases, namely, for a group of students in Florida
in the mathematics curriculum and a group in
Oklahoma in the reading curriculum, did the quadratic
model substantially improve the correlation coef-
ficient. This finding indicates that in general there is a
fairly good linear relationship between standardized
test scores and CAI final grade placement.

Figure 1 shows a typical scatter plot with posttest
scores plotted on the ordinate and final grade-
placement scores plotted on the abscissa, The
regression line is shown as well. The figure is
representative of most of the group studied. These
data indicate that linear regressions can be used to
obtain acceptable predictions of standardized test
scores.

UNIVERSITY-LEVEL CAI AT STANFORD?*

I describe briefly the two main CAI courses at
Stanford, Introduction to Logic and Axiomatic Set
Theory, and some of the associated research.

Introduction to Logic

Since 1972, the introductory logic course at Stan-
ford has been taught during the regular academic year
entirely as a CAI course. Various aspects of the course
have been described in a number of publications
(Goldberg & Suppes, 1972, 1976; Larsen, Markosian,
& Suppes, 1978; Suppes, 1975; Suppes, Smith, &
Beard, 1977).

Basic data on the course are given in Table 2. There
are 29 lessons that form the core of the course. The
number of exercises in each lesson, the mean time
needed to complete the lesson, and the cumulative time
are shown, as well as a brief description of the content
of each lesson. The cumulative times are shown in
parentheses after the times for the individual lessons.
The data are for the autumn quarter of 1976-77, but
only minor curriculum changes have been made since
then. The focus of research, as will be indicated
shortly, is not on curriculum development but on more
general procedures for which the courses form a
natural framework of investigation.

The logic course is offered each of the regular three
terms during the academic year at Stanford, and for
several years has been the only offering in elementary
logic. The annual enroliment in the three terms runs

'Research reported in this section has been supported in part by
National Science Foundation Grant No. SED77-09698.
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Table 2. Mean Time and Cumulaftive Mean
Time for a Representative Quarter.

MNo. of Student’s

Lesson Exercises Timein Content
Hours
401 19 59 (.39) Infreduction fo Logic
402 18 1.12 (1.77) Semantics for Sentential Logic
{truth tables)
403 14 .76 (2.47) Syntax of Senfential Logic;
Parentheses
404 14 1.17 (3.64) Derivations, Rules of Inference,
Validity
405 19 4.07 (7.71) Werking Premises, Dependencies,
and Conditlonal Proof
406 16 1.83 (9.54) Further Rules of inference
407 12 2.37 (11.91) New and Derived Rules of In-
ference
408 21 14.38 (26.29) Further Rules and Indirect Proof
Procedure
409 24 2.37 (28.66) Validity, Counterexample,
Tauvtology
410 13 71 (29.37) Enteger Arithmetic
411 7 61 (29.98) Two Rules About Equality
412 7 .59 (30.57) More Rules About Equality
413 7 .44 (31.01) The Repiace Equals Rules
414 7 97 (31.98) Practice Using Equality in integer
Arithmetic
415 11 1.99 (33.97) The Cemmutative Axiom for
integer Arithmetic
416 4 99 (34.96) The Associative Axiom
417 7 2.00 (36.96) Two Axioms and a Definition for
Commutative Groups
418 8 1.50 (38.46) Theorems 1-3 for Commutative
Groups
419 8 1.54 (40.00) Theorems 4-7 for Commutative
Groups
420 12 1.51 (41.52) Noncommutative Groups
421 8 44 (41.96) Finding-axioms Exercises
422 14 1.20 (43.16) Symbolizing Sentential
Arguments
423 28 2.78 (45.94) Symbolizing English Sentences in
Predicate Logic
424 28 2.87 (48.81) inferences involving Quantifiers
425 22 2.67 {51.48) Quantifiers; Resfrictions and
Derived Rules
426 21 1.41 (52.89) Using Inferpretations fo Show
Arguments Invalid
427 17 4.11 (57.00) Quantifiers and interpretation
428 23 6.18 (63.18) Consistency of Premises and
Independence of Axioms
429 40 3.96 (67.15) The Logic of Identity (and Sorted
Theories)

somewhere between 240 and 300 students, which is
somewhat higher than the enrollment before the
course became computer based, although there has
also been a small increase in the number of Stanford
undergraduates during this same period. It should also
be mentioned that the enrollment is restricted. Twelve
terminals are devoted to the course, and this number
will handle about 100 students per term. The terminals
are not scheduled but are generally available for
students six days a week, 24 hours a day. We have
found that students sort themselves out in terms of
hours of availability fairly well and, although students
occasionally must wait to get access to terminals, there
has been no general request that a sign-up procedure
be followed.

A sample of 20 students taking the course in the fall
of 1978 indicated that the most preferred features of

the course were self-pacing and freedom to work at
any time of the day or night. Although a clear majority
said that the course took more time than other
Stanford courses they had taken, about 70 percent of
the students gave the course a value of 6 or 7 on an
overall satisfaction scale ranging from 1 (not satisfied)
to 7 (very satisfied), and no student gave it a value
below 4.

Axiomatic Set Theory

The curriculum of the course in set theory is
classical; it follows closely the content of my earlier
book (Suppes, 1960). The course is based on the
Zermelo-Fraenkel axioms for set theory. The first
chapter deals with the historical content of the axioms;
the next chapter deals with relations and functions.
The course then concentrates on finite and infinite
sets, the theory of cardinal numbers, the theory of
ordinal numbers, and the axiom of choice. Students
who take the course for a Pass stop proving theorems
at the end of the chapter on the theory of cardinal
numbers. Those who go on for a letter grade of A or B
must prove theorems in the theory of ordinal numbers
and standard results involving the axiom of choice.

Although the conceptual content of the course is
classical, the problems we have faced in making it a
complete CAI course are not. The logic course just
described is in many ways deceptive as a model of how
to approach mathematically oriented courses, for the
proofs can be formal and the theory of what is
required is, although intricate, relatively straight-
forward compared with the problems of having
reasonable rules of proof to match the standard in-
formal style of proofs to be found in courses at the
level of difficulty of the one in set theory.

There are about 500 theorems that make up the core
of the curriculum. The students are asked to prove a
subset of these theorems. The number of students is
ordinarily between 8 and 12 per term, and therefore
individual student lists are easily constructed. Students
ordinarily prove between 40 and 50 theorems,
depending on the grade level they are seeking in the
course. The latest data for the students completing the
course in the fall term, 1978, are as follows: The
average number of hours of connect time to complete
the course was 52.0, with the minimum being 29.7
hours and the maximum 75.2.
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Research on Computer-generated Speech

A main focus of our research at Stanford has been
on the use of computer-generated speech as a natural
augmentation to visual methods of presenting in-
formation to the students. The tradition of using the
audio input channel for instruction is as old as
teaching itself. On the other hand, successful use of
audio in a CAI setting has not been widespread. We
have perhaps the most extensive operational ex-
perience on these matters at Stanford of any place in
the world.

Ten years ago the Institute had four different audio
systems running simultaneously, but for a number of
years now the concentration has been on digitized
audio and, since 1974, on the construction and use of
the MISS machine, a micro-programmed, intoned
speech synthesizer utilizing linear predictive coding
techniques. Detailed technical descriptions of the
MISS machine are to be found in Sanders, Benbassat,
and Smith (1976) and Levine and Sanders (1978). As
part of the Institute’s computer facility, at the heart of
which is a dual processor DEC-KI10 running the
TENEX operating system, the MISS hardware
provides 48 audio channels, of which 16 can be
speaking simultaneously. The MISS system is capable
of reproducing speech in two ways, either by resyn-
thesizing recorded phrases or by resynthesizing and
concatenating individually recorded words. The
system also allows for user modification of the speech
rate and volume as well as the instructionally im-
portant feature of synchronizing speech events with
display activity at terminals. Prosodic adjustment of
concatenated words is directed by linguistic text-
analysis routines and is done by modifying fun-
damental frequency contours, duration, and am-
plitude of the individually recorded words. The im-
portance of the ability to synthesize new messages
from individually stored words rather than recording
entire messages cannot be overemphasized. This
makes curriculum creation as well as revision very
much more efficient. In addition, it permits the in-
troduction of audio messages that are synthesized
contingently to comment on particular features of
student work; a typical application in the Institute is
the delivery of error messages in the courses on logic
and set theory.

Linear predictive coding (LPC) is a well-
documented technique for digital representation of
speech (see Atal & Hanauer, 1971; Makhoul, 1975;
Markel & Gray, 1976); in simple terms, LPC models

the spectrum and voicing features of speech. Spectral
representation can be compressed and economically
stored for later use. The research at the Institute has
been guided by the requirement that the speech
produced must be of sufficiently high guality to allow
a student to listen to it without a feeling of strain for
considerable periods of time, and it also must be
natural enough not to seriously divert the student’s
attention from the conceptual material being
presented. A representation that reguires about 9,000
bits per second has been found to approximate these
conditions. Our current research is aimed at studying
mathematical models that approximate formats and
their band widths so as to reduce this bit rate by a
factor of 3.

Let me report briefly on some experiments with the
use of audio that we have conducted over the past
several years. In the course Introduction to Logic,
described above, all students received considerable
visual information at CRT terminals. In addition,
those choosing audio received explanation of concepts
and a variety of informal pedagogical comments
through earphones. Those choosing visual display
received this additional information on the CRT
screen as written text. The students were required to
try each method of receiving information at the
beginning of the course, but then they were given
freedom to choose at each sign-on to receive in-
formation in audio or visual form. Extensive details of
these experiments will be published elsewhere, but the
summary data are as follows. In the winter of 1976-77,
after the initial exposure period when freedom of
choice was in operation, there were 1,287 log-ins by
students in the course. In 49 percent of those log-ins,
the students selected audio. In the spring of 1976-77,
there were 2,742 log-ins of a similar nature, and audio
was selected 48 percent of the time. Perhaps just as
important as the split in the students on about the 50
percent level is that there was a strong tendency for
students to continue in their initial choices, which
indicates the existence of strong individual differences
in choice of sensory modality. The significance of
these individual differences in choice of modality
undoubtedly needs much further study.

Research on Informal Mathematical Proofs

Work on constructing programs and using them as a
basis for courses in logic and mathematics has a long
history at the Institute for Mathematical Studies in the
Social Sciences (IMSSS) at Stanford. It has been my
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responsibility to have overall direction of this work
since 1963 when the first efforts began, but as in any
enterprise of this kind much of the real substantive
work has been done by my younger collaborators.

A description of the developments as of 1975 is to be
found in Smith, Graves, Blaine, and Marinov (1975)
and Suppes (1975). The main features of the system in
1975 were the use of a tautology rule, which
automatically checked the validity of any purely
sentential formula, the use of the similar Boole rule for
Boolean expressions, a system of natural deduction,
and the use of a resolution theorem prover to do
routine inferences from one intuitively obvious step to
another in a proof. On the other hand, the most
difficult theorems — for example, complicated
theorems about transfinite recursion — are very long
and tedious to prove on the system, and I would not
like to claim that we have yet been successful in
providing a psychologically satisfactory mastery for
such proofs.

It does seem fair to assert that we have the largest set
of programs for informal mathematical proofs now in
operation anywhere in the world. Up to a certain point,
what we have accomplished is, I think, quite
satisfactory, but we are aware of the enormous
distance yet to go in having fully satisfactory methods
available for students, and even more the ex-
traordinarily difficult problem of having satisfactory
procedures available for more finished mathematical
work.

SOME THOUGHTS ON THE FUTURE

I shall not attempt to be systematic but remark on
some of the matters that have been of interest to me
and that I think will be salient developments for the
future.

CAIin the Home

The development of stand-alone terminals and at
the same time powerful distribution systems almost
guarantees that in the near future we shall see a variety
of educational activity taking place in the home.
Potential fuel shortages and therefore the problem of
transportation to campuses in urban areas strengthen
that prediction. Community colleges in California are
already offering a wide selection of home-instruction
courses. The student is essentially required to appear
on the campus only twice, once for registration and
once for the final examination. On the other hand, not
many courses are offered either by use of stand-alone

terminals or by dial-up facilities. Radical changes in
the availability of such on-line courses will certainly
take place in the next decade.

CAI Abroad

At the present time, probably more than 90 percent
of the CAI activities in the world take place in the
United States. It is reasonable to predict that this
percentage will decrease and that developed countries
especially will have sharp and rapid developments in
the next decade. If usage in countries like Japan is to
increase by an order of magnitude by 1990, there will
need to be a monthly growth rate of something like
two percent. It may be that such a growth rate is too
optimistic, but I think it has a reasonable chance of
being realized.

Natural-language Processing

One of the constraints on flexible CAI at the present
time is the restricted processing of natural language, as
either input or output. Almost surely, major im-
provements will be made over the next 10 years and
will have widespread application in CAL

Audio in CAT

I have already discussed our current research in
audio, but I would make the prediction that, by the
end of the coming decade, operational CAI will almost
always deliver audio messages as well as visual in-
formation. By 1990, silent computers will be as rare in
operational CAI settings as talking computers are
today.

Informal Mathematical Procedures

Perhaps not by 1990, but by 2000, not only students
but also professors of mathematical subjects should be
able freely and easily to use informal mathematical
proof procedures. The most advanced work will still
be difficult to handle even by the year 2000 or so, but
by 2050 the bulk of mathematical work of both pure
and applied nature should be done at computer ter-
minals, and a real revolution in a2 long academic
tradition will have taken place.

Speech Recognition

By the year 2020 we shall also have first-class speech
recognition, and intimate dialogue between student
and computer-tutor will be the standard method of
CAl
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