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TOMORROWIS

COMPUTER-BASED

ln recent years modern computer technology has made possible many ex-
citing and significant developments in education. A Computer-based
Laboratory for Learning and Teaching was established at Stanford Uni-
versity, Stanford, California, in 1964, to provide an environment for study
and further development of new educational techniques and materials.

The laboratory has a dual focus on pedagogical projects and work in
experimental psychology. A variety of computer-controlled teaching is car-
ried on in the laboratory and in schools near to Stanford. These projects
provide data which are extremely useful in guiding applications of computer
technology to programmed instruction and teaching machines. In addition,
the laboratory is used for other experimental work in learning theory.

The laboratory is under the direction of an Executive Committee
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BY DR. PATRICK SUPPES

Dr. Patrick Suppes has been Director of the Institute for
Mathematical Studies in the Social Sciences, Stanford
University, since 1959. Chairman of the Department

of Philosophy at Stanford since 1963, Dr. Suppes holds a
B.S. from the University of Chicago and a Ph.D.

from Columbia University. He is a member of the
National Academy of Education and a recent recipient
of Columbia’s Nicholas Murray Butler Medal in Silver.
Dr. Suppes has published a vast amount of

material in connection with his experience in
computer-based Instruction.

EDUCATION?

INSTRUCTION IN THE ELEMENTARY SCHOOL
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€} vENTURA HALL, Jeft, was originally a residence for faculty, was con- s

verted into a dormitory, and in 1961, became the home of the Institute
for Mathematical Studies in the Social Sciences.

A BANK OF TELETYPES n the laboratory at Stanford is shown above.
These machines are connected to the PDP-1 shown behind the tele-
types. They can be used to observe the teletype operator at Grant
School, since the print-outs obtained at the school can be simul-
taneously obtained on these machines.

@ THIS DISPLAY DEVICE, fop right, designed by Philco Corp., has 1024
possible positions on both the horizontal and vertical axes. In addition
to individual points, there are 120 prearranged characters which can
be displayed in five sizes. Vectors may also be displayed. A type-
writer keyboard is attached to the scope so that students can send
information into the computer.

© sHowN HERE, at the right, are the control units for the IBM devices.
In the foreground is part of the audio system, which can play pre-
recorded messages in the student booth. The audio system includes
two tape transports, each of which has a capacity of 17 minutes.
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composed of Richard C. Atkinson, William K. Estes,
and Patrick Suppes. The various research projects are
supported by the National Science Foundation
(Course Content Improvement Section), the U. S.

Office of Education, and the Carnegie Corporation
of New York.

Laboratory Equipment

The instructional system in the laboratory consists
of a medium- sized computer and six subject stations.
There are two visual display devices in each student
booth. The first is a random-access projection device
developed for the laboratory by IBM Corporation. It
presents microfilmed source material on a 10 inch by
13 inch ground glass screen. The equivalent of a 512-
page book (8% inch by 11 inch standard page) may
be encoded on microfilm and any one-eighth of a page

may be reached under random access within one sec-
ond. The student may respond to the display by using
a light pen on the face of the screen itself. As the pen
is touched to the screen, the coordinates of that posi-
tion are sent to the computer and may be compared
with any prearranged areas of the screen. The accu-
racy of the light pen will permit the identification of
a 14 inch square on the screen.

The second display device, developed for the lab-
oratory by the Philco Corporation, is a cathode-ray
tube, commonly called a “scope”. It can display
points of light in an area 10 inches high by 10 inches
wide. There are 1024 possible positions on both the
horizontal and vertical axes. In addition to individual
points, there are 120 prearranged characters which
may be displayed in five different sizes. It is also pos-
sible to display vectors by simply identifying the end
points. A typewriter keyboard is attached to the scope
and may be used to send information from the stu-
dent to the computer.

An audio system designed by Westinghouse Cor-
poration can play pre-recorded messages to the user,
through individual speakers in each student booth.
The messages are recorded on magnetic tape 6 inches
wide; two tape transports may be assigned to each of
the six student stations. Each transport has a capac-
ity of abo\{t 17 minutes, which can be divided into any
combination, from one message 17 minutes in length
to 1020 messages of one second each. The random-
access time to any stored message is approximately
one second.

The main memories of the central computer, a
PDP-1 designed by Digital Equipment Corporation,
are a 16,000-word core, and a 4,000-word core which
can be interchanged with any of 32 bands of a mag-
netic drum. Additional backup in computational
power, additional storage, and increased input-output
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speed is obtained through connections to a larger
computer system with magnetic tape and disk stor-
age, located at the Stanford Computation Center.

Computer-based Instructional Systems

One of the most exciting aspects of computer-based
education is the opportunity it offers for tailoring in-
struction to the individual child’s needs. An individu-
alized approach is possible at various levels of in-
struction. There are at least three levels of interaction
between student and computer program, though the
third and deepest level is still mostly beyond us from
a technical standpoint. Each of these levels is called
a system.

Drill and Practice Systems

In the drill and practice system, instruction is strictly
supplementary to the regular curriculum as taught by
a teacher. The individualized approach can be illus-
trated in two programs currently in operation at
Stanford. The first gives the student practice in the
algorithmic skills of arithmetic. In the program now
running in the Stanford area for grades 4, 5, and 6,
there are five levels of difficulty at each grade level
and on each concept in elementary-school instruction.
At the present, students begin at level three, and then
are moved up and down daily on the basis of the pre-
vious day’s performance. Thus, unlike drills in a
traditional teaching situation, problems are selected
to suit individual needs.

G

THE MAIN CONTROL functions of the entire laboratory sys-
tem are handled by the medium size computer, PDP-1,
shown far left. The main memories are a 16,000 word core
and a 4,000 word core which can be interchanged with
any of 32 bands of a magnetic drum. Dow Brian, Chief
Computer Programmer, is pictured loading lessons for an
experimental program in logic.

BOTTOM LEFT IS A VIEW of the random access projection
visual display device, utilizing the light pen, which is used
to give computer-based lesson material to students. The
equivalent of a 512-page book can be encoded on micro-
film and any quarter of a page can be reached under ran-
dom access in one second through this machine. The units
were designed for the laboratory by the IBM Corporation.

STAFF MEMBER MAX JERMAN, /eft, readies a stack of pro-
grammed materials for the project, materials which make
possible a break from traditional teaching methods. Be-
cause significant differences in individual rates of learning
exist, this text material is geared to accommodate these
differences.

DR. SUPPES DISCUSSED ASPECTS of the program with two
Stanford Computer-based Laboratory staff members, Re-
search Assistant Diana Axelsen, left, and Research Asso-
ciate Luanne Berkowitz, center.

A CHART AT THE CENTER keeps researchers and assistanis
up to date on the development of arithmetic drills for pre-
sentation to fourth, fifth and sixth grade students.
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The second program provides
daily practice in the spelling of
words drawn from the California
Spelling Series. These word lists
are regrouped into lesson se-
quences that illuminate a consis-
tent or regular sound-to-letter re-
lationship. Complexities such as
morphophonemic shifts or stress
patterns in polysyllabic words are
utilized to increase the level of
difficulty. Each child has the op-
portunity of working on one of
three levels of lesson difficulty de-
pending on his previous day’s per-
formance.

Tutorial Systems

In systems of this type, the aim is
to provide, not a supplementary,
but a nearly complete instruc-
tional sequence in a given subject.
The skill subjects such as reading,
mathematics, and elementary for-
eign languages are most easily
handled in this kind of environ-
ment. Extensive work at this level
is being done at Stanford in ele-
mentary mathematics, including
mathematical logic. The instruc-
_tional material is based primarily
on textbooks in the Sets and Num-
bers series by Patrick Suppes.
The logic program, which is one
of the best developed at Stanford,
introduces the student to rules of
logical inference. The student is
permitted to make any valid infer-
ence, and the main function of the
tutorial program is to evaluate the
validity of the inference he makes.
When students do not successful-
ly find a proof, then the tutorial
program provides hints about how
to find a solution.

Work with students was begun
in the fall of 1964. Twelve first
graders worked in the Sets and
Numbers material all year; two
kindergarten students also took
part during the spring of 1965.
Also during the spring, work in
mathematical logic was conducted

in the laboratory for 26 gifted stu-
dents. Each morning for four
weeks, three groups of children
spent one-half hour in the termi-
nal booths and one-half hour in
the laboratory classroom. A pro-
gram in mathematical logic was
presented in the terminal booths
on the Philco scopes, while a spe-
cial geometry program was con-
ducted in the classrcom. They
were also given arithmetic drills
on the scopes.

A computer-based instructional
program of this type is also being
developed at Stanford in reading.
The reading materials are intend-
ed to assess the relative effects of
learning variables such as stimu-
lus similarities, presentation rates,
verbal mediators, and scheduled
models of reinforcement, along
with linguistic variables such as
the meaningfulness and redun-
dancy of new morphemes, the pat-
terning of grapheme-to-phoneme
correspondence and the syntacti-
cal complexity of sentences. Util-
izing these psycholinguistic vari-
ables, an extensive number of
reading lessons have been pre-
pared. During ‘the spring of 1965,
the first portion of these reading
materials was presented to twelve
kindergarten children for evalua-
tion purposes.

N

THIS YOUNGSTER ABOVE works at the
console of one of the two visual display
devices used in the laboratory. This is
a random access projection device
which presents microfilmed source ma-
terial on a 10 by 3 inch ground glass
screen. The student responds to the
display by using a light pen on the face
of the screen itself. As the pen is
touched to screen, the coordinates of
that position are sent to the computer
to determine if the answer is accept-
able. The accuracy of the light pen per-
mits identification of a quarter-inch
square on the screen.

THE SEQUENCE ON PAGES 9 AND 10
shows one session of a special experi-
mental program in which four third-
graders participated at the Stanford
Center. The four, part of a group of 26
gifted students involved in a long-range
accelerated program in elementary
mathematics last summer, worked
through a program in mathematical log-
ic on the cathode ray tube display de-
vice. The youngsters learned to sym-
bolize English sentences and do simple
derivations and they were introduced to
some of the vocabulary of logic. Here,
Dr. Patrick Suppes works with one of
the youngsters to see how she handles
one of the more complex math logic
problems she worked with during the
summer. In the special session, a study
was made of how quickly students
could learn to erase and correct work
as a prelude toward working more com-
plex derivations [ater. That she is suc-
cessful after working through the num-
ber of derivative steps necessary to
develop the final proof is evidenced in
the pleasure Dr. Suppes displays in
the last frames.
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Dialogue Systems

The dialogue system is envisaged
as a system in which a dialogue is
possible between the student and
the program. Successful develop-
ments in any depth, however, re-
quire the solution of some rela-
tively difficult technical problems.

The two central problems may
be described by beginning at the
college level and working down to
the elementary-school level. Sup-
pose that in a program on Ameri-
can history, the student types in
the question ‘“Why did Booth kill
Lincoln? or a more complicated
question such as, ‘What was the
role of the railroad in the eco-
nomic development of the Missis-
sippi Basin in the 19th Century?
It is as yet a very difficult prob-
lem to write programs that will
recognize and provide answers to
such freely constructed questions
of broad generality and consider-
able complexity. The situation is
by no means hopeless, however.
In curriculum areas that have
been taught for a considerable
time and that have a reasonably
sharp focus of subject matter, it is
possible to provide a fairly thor-

ough analysis of the types of ques-
tions that will be asked. In these
subject areas, we can make con-
siderable progress toward the rec-
ognition of the question by the
computer program. The central
intellectual problem at the mo-
ment is not that of writing infor-
mation to give an answer, that is,
of having in storage information
that will give an answer to any
question. Rather, it is to recognize
from the standpoint of the pro-
gram precisely what question has
been asked.

The second sort of problem
arises in working with elementary-
school children for whom it is es-
sential that we be able to recog-
nize their spoken language. It is
certainly not reasonable to expect
a child in the first year of school-
ing to be able to input a question
on a typewriter. However, he cer-
tainly can ask or answer a ques-
tion in a fairly complex way if his
spoken speech can be recognized
by a computer program. The prob-
lem of speech recognition simply
adds another dimension to the
problem of recognition of sentence
meaning. There is reason to hope

that within the next five or six
years much progress will be made
on the problem of speech recogni-
tion. If it can be solved, then in
many respects the problem of the
elementary school is easier than
that of higher grades; for, the
types of questions and answers
that occur are considerably sim-
pler than are those that may be
expected at the secondary or col-
lege level.

Computer-based Instruction
in the Future

In the first place it is reasonable
to conjecture that in a matter of
a few years we can bring the skill
subjects under computer control
in a deep and organized way and
can present them to students in an
effective and efficient manner, and
with a degree of individualization
that is impossible in ordinary
classroom learning. The skill sub-
jects that would be particularly
important are two that have al-
ready been mentioned, reading
and mathematics, and the teach-
ing of foreign language. There is
not space in this article to discuss
future prospects for the teaching
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€@ sIXTH GRADERS AT GRANT SCHOOL go about their
regular classroom work unmindful of the young lady
spending her daily session in the teletype booth at
the front of the room. Each of the youngsters spends
about five minutes of his day working on a drill of
one of five levels of difficulty.

{3 WORKING AT A TELETYPE KEYBOARD, this sixth grader
punches out the answer to a problem sent from
Stanford. Three teletypes are in operation at Grant
Elementary School in Cupertino, for arithmetic
drills in the fourth, fifth and sixth grade. As the child
works through each drill, his elapsed time, correct
and incorrect answers, percentage of problems cor-
rect to date, and total time in the program will be
recorded.

of foreign language in computer-controlled en-
vironments, but the kinds of possibilities that
exist should be evident. Perhaps the most im-
portant thing is the possibility of asking stu-
dents continually to make overt responses and
not simply to be passive listeners, as they are
in present language laboratories.

In assessing the future of computer-based
instruction, it is also important to emphasize
the impact that computer-assisted instruction
can have on the mastery of skills because of
the exact and delicate control of the relevant
learning variables. Of particular importance is
the control of timing variables. For example in
mastery of the elementary skills of mathe-
matics, of reading or of foreign language, in-
sistence on performance with greater and
greater speed is essential. Accurate timing and
pacing of such activities is extraordinarily dif-
ficult in ordinary classroom work, but a
straightforward matter at a computer-based
terminal.

The spread of computer-assisted instruction
will not lead to a reduction of teachers but to
a substantial increase in the quality of educa-
tion. Teachers will learn to use computer-based
terminals the way in which they now use good
textbooks. Essentially all teachers now regard
textbooks as an essential part of their teach-
ing program. It would be my own forecast that
the same will be true of computer-based Q
teaching terminals in the future.




