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versity, observe Miss Evelyn Vinson, a CAl technician and student, at the teletype.
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NOT TOO many years ago Ugh, the caveman, sat

on one end of a log sharing his hard-earned
wisdom with Eeek, who sat on the other end. The
beauty of this primitive arrangement was the
directness by which Ugh could share his personal
knowledge with Eeek—much like o full-fledged
apprenticeship system.

Modern requirements of mass education placed
even heavier demands on those who had knowledge
and skill, thus bringing about the day of modern
specialist known today as “teacher.”” Unfortunately,
no matter how well meaning or how skilled the
modern educator might be, the personal relationship
so well exemplified by Ugh and little Eeek somehow
gets lost. How can it be otherwise when as many as
40 students now sit at one end of the log, but still only
one educator sits at the other.

Crude analogy? Not reallyl Some modern stu-
dents of the history of education rank the story of
Ugh and Eeek among those educational principles
found at the top of the list, along with the invention
of the printing press; while others will go so far as to
state, with vigor, that there has been no genuine
advance in the art of teaching since the development
of the printing press. After all, Ugh must still person-
ally assist each Eeek by means of creative classroom
experiences which include the transmission of “under-
tandings” as well as “skills.”

What does all this have to do with Computer As-
sisted Instruction in Math Education?

Simply this: Some educators believe that applica-
tion of modern electronic technologies (including the
computer) to the art of teaching is soon to become
the first genuine revolutionary educative process since
Gutenberg!

Some seven years ago, Dr. Patrick Suppes, Director
of the Institute for Mathematical Studies in the Social
Sciences, at Stanford University in Stanford, Cali-
fornia, began experimenting with ways and means
for utilizing the computer in education. He and his
associates succeeded in obtaining grants from
Carnegie, the United States Office of Education and
the National Science Foundation.

Over the next seven years, in cooperation with
other public school systems, Dr. Suppes and his asso-
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ciates were able to demonstrate the effectiveness and
practicality of their ideas.

For convenience, people who began the applica-
tion of computer techniques divided the educational
region into three general modes: (1) drill-practice
procedures, (2) tutorial and (3) dialogue.

Very briefly, drill-practice procedures represent
computer programs und curriculum materials based
upon the well known educational principles of “drill”
and “practice”. Many such techniques exist—work-
books, flashcards, repetitive vocalizations and so
forth. A classroom teacher is, of course, essential to
successful use of the drili-practice mode.

Tutorial, on the other hand, represents an attempt
to make computer programs and other technologies
respond “like a teacher.” Work in the tutorial mode
is largely experimental as yet. The classroom teacher
is not so critical in this mode.

By contrast, the dialogue mode includes the idea
that modern technologies might some day grow big
enough and sophisticated encugh to allow the student
to simply request “an analysis and summary” of some
abstract idea. The computer of science fiction fame
in such movies as “2001: A Space Odyssey” or the
television series “Star Trek” responds in the “dia-
logue” pattern. it can “think” and behave creatively!
Unfortunately, scientists and mathematicians have
much to learn before such developments move from
the realm of science fiction to everyday life. Logicians
phrase it this way: “The dialogue approach is not
entirely hopeless, as yet!”

At Tennessee State University, we use the more
down-to-earth and practical “drill-practice” mode.
The National Science Foundation, under Grant GY-
5308, contributed $441,410 to operate our drill-
practice mode for two years, beginning July 1, 1948.
In cooperation with, and under the able guidance of,
Stanford University, we are able to present mathe-
matics drill-practice lessons from the first grade
through the first year of college.

Most college students, no matter where they at-
tend, need remedial mathematics and mathematical
drill-work. Fractions and elementary algebra, par-
ticularly, cause difficulties for freshmen students. We,
at Tennessee State University, will start the student at
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his lowest level of remedial need—say the sixth grade
level--and very rapidly let him build up his skill until
he has become very competent in those skills required
for his proper freshman academic level.

Since our college is the first in the world to try Dr.
Suppes’ materials, it is not yet known how effective
will be the results. Many grade-school and high
school classes, during the past four years, have dem-
onstrated that ten minutes of drill-practice per day,

~per pupil, during the school year, has resulted in

gains equivalent to the learning of two years of
mathematics when taught by the teacher alagne;
furthermore, these gains have maintained themselves
even when the teletypes have been removed from
the students’ environment.

Can these same benefits be achieved here at Ten-
nessee State University? We don't know. We are
testing an experimental group and a control group
during the next few quarters of academic activity so
that the question can be answered.

Many students will ask if the Computer Assisted
Instruction—~normally abbreviated CAl—program may
be used only by those who are taking mathematics
—our first trial groups. The answer is nol The pro-
gram can be used by anyone on the campus except

~ those who have been designated in the control groups
during the quarter in which they have been desig-

nated as a member of the control group. This includes
anyone whether enrolled in o mathematics course or
not. So long as student terminals are available, we
will assign students to them to give each his own
private drill-practice session.

- The program is clever! It is personall Each student

is given an identifying number. When the student
types that number into the teletype keyboard, along
with his or her first name, teletype signals go through
our small, new PDP-8 computer (Digital Equipment
Corporation); after which, the signals go through the
privately rented telephone line to Stanford University
in Californic.

A large scale PDP-10 computer picks up the signal,
looks at the number and name and types back the
student’s last name, then chooses his next lesson num-
ber based upon past progress recorded against his
name. The computer starts the lesson by typing a
lesson number followed by drill exercise.

TRAILBLAZER






Now that lesson number is the key to success in
using the computer. It is a lesson number that fits
only that student ot his stage of development. If de-
signed properly—and remember much of this is stiil
experimental—it picks out drill exercises which are in
no way frustrating to the student while, at the same
time, leaving enough room for the student to feel
challenged. Little by little, then, at the student’s own
rate of achievement (though sometimes prodded by
the computer) each student is led to increasingly diffi-
cult lessons. 1t is, in other words, both a superb drill-
master and a personal tutor. ... ...

_If the drill-practice mode is so successful, why isn't

it used everywhere now?

Well, it is slowly but surely being installed in many
places. New York City is placing ninety student termi-
nals in operation this year. San Francisco is starting
with fifteen. Other places in the United States are
either installing or adding to their present equipment
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—McComb, Mississippi (64), Moorehead, Kentucky
(32), Ravenswood, California (90), Washington, D.C.
(3—School for Deaf), LaSalle, lllincis (1), Columbus,
Ohio (1), and Clinton, lowa (1), for example.
Stanford University is experimenting with the
teaching of the Russian language as well as Computer
Programming and Reading. Other places are experi-
menting with the teaching of Chemistry, Physics, Engi-
neering, Social Studies and so on.
In other words, it is becoming used more and more.
There is one deterrent, however. Cost is high. Al-
though it is quite difficult to place dollars and cents
on saving the academic life of one student, who might
otherwise become discouraged and leave his studies,
business men can easily compare cost ratios which
show that this technique is very, very expensive. Some
will proclaim against it for that very reason.
However, as with any quantity-produced item, the
more student terminals in the drill-practice mode that




are assembled and used, the lower will be their cost;
and, the procedures, techniques and hardware items
will soon move from the experimental stage to every-
day practical applications in all schools, everywhere,

During the first year, McComb, Mississippi, costs
were $612 per student; the second year they were
$145 per student; next, the costs were less than $93
per student; while the fourth year is expected to cost
less than $20 per student! *

The modern reader is familiar with reduction in
costs as quantity production or use rises. The change
from an experimental program of $612 per student to
an on-going program costing less than $20 per stu-
dent is expected. What may be most surprising, how-
ever, is just how drastic these cost changes might be
through direct and bold- application of advanced
technologies.

Currently it is necessary that Computer Assisted
Instruction in the skill areas be supported by expen-
sive equipments, curricula materials, computer soft-
wares ond high-priced transmission channels. It is
easy to envision the day when the curricula materials
become public property, and the software is suffi-
ciently standardized to meet ordinary educational
and hardware needs; but, how can expensive equip-
ments and transmission channels be circumvented?

In the United States we dream of placing a satel-
lite in stationary orbit overhead—say at about 23,000
miles out—in such a way that the whole country is
blanketed. Mass production of receiver and teletype
equipments to be located at even the most remote
counfry schools will make all curricula immediately
available to the student and teacher. Under those
conditions, even the most expensive hardware, soft-
ware and curricula at the sending end could be pro-
rated across an enormous student population, bring-
ing the cost per pupil ratio down to, perhaps, pennies
per student per year; although, by then, sending
equipment and its supporting software could be ex-
pected to be inexpensive, too.

But if the United States can be blanketed by so-
phisticated drill-practice exercises, why not England,

1 Audio Visual Instruction, “Long Distance Learning,” Gayden
F. Stovall, February 1969.

too? In fact, why not the whole world? Three station-
ary satellites properly synchronized, should be capa-
ble of sending lessons of every kind to every nationl

It staggers the imagination to think of the impact
which individualized instruction in mathematics, read-
ing, logic, languages and many, many other subjects
could have on the total educational level of the world!

Would common languages, easily [earned and
taught, help to abolish war, as many have predicted
through the ages?

Would logical thinking, derived from early
childhood education and taught to a world-wide
audience help to abolish ambiguity of thought and
provocative emotional situations?

Would decreasing the learning time by, say, nine-
tenths, as some educators now believe, or by even
more, as others assert, bring about an integration of
science, culture and the arts beyond the wild imagin-
ings of some modern Thomas More and his Utopia?

Or, like the sword which has two edges to be used
for good or evil, and the development of nuclear
power, which also has two faces, will such an educa-
tional system be the very tool by which the future
generations become enslaved by cruel dictators?

One thing is known, and predictable, for sure.
Computer Assisted Instruction, though barely new-
born, will soon change the face and deeply em-
bedded structure of our present educational system!

Let's take o peep at some of these predictable
changes!

The role of the teacher must change!

Much time is now spent in the role of drill-mistress
(or master) by the modern educator. The computer,
being a superb drill-mistress, will take over that par-
ticular function. The teacher will spend her time
devising more creative and interesting lessons; she
will apply newly discovered and formulated prin-
ciples of social psychology to her groups, effecting
healthier attitudes in students and their acknowledge-
ment of responsibilities toward society; she will be-
come a specialist in areas not dreamed of in her
present teacher-training curricula — mathematical
logic, for example!

What about the student?

The future will see the student taught not only by
drili-practice routines, but also by means of sophisti-
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cated tutorial strategies and advanced hardwares.
In theory, a sufficiently bright and well motivated
student will enroll in, say, kindergarten, and grad-
vate from college the next day! Absurd? Sure it is!
It serves, though, to emphasize the “go-it-at-your-
own-pace’ characteristic as well as individualiza-
tion of instruction which will be there for the student
to draw upon.

What about administrators?

Administrators and other educational specialists
know that grade levels such as first, second, third,
and so forth, are purely administrative conveniences.
Grade separations do not contribute to the educa-
tional process except as they relate to economic re-
quirements or to administrative control requirements.

What the new educational future implies is that
educational administrators must design new systems
and techniques for grouping, evaluating and relating
to students, teachers and educational systems!

Are there other implications for the near future of
education?

Sure! One more possibility might be mentioned be-
fore releasing you to your own speculations.

An experimental program has begun in New York
City called “dial-a-drill” * homework.

2 Dial-A-Drill, “Computer Assisted Instruction in Fundamentals
of Arithmetic”, Computer Curriculum Corp., 151 University
Ave,, Palo Alto, Calif., 1969 (also from personal conversa-
tions with Cornelius Butler, Manager, Computer Instructional
Office, New York Cify School System, New York, New York,
14-15 March, 196%9)

Fourteen hundred New York homes have had push-
button telephones installed for use in home-work
drills. The phone rings—Junior answers—a monotone
voice speaking sentences composed by computer se-
lections of o pre-recorded human voice,” sounding
much like the Star Trek computer (only male-voiced),
asks the question, “What number plus four equals
seven?”’

The child, hopefully, punches the correct telephone
button!

Can you visualize that soon much education, in-
cluding adult education, will be done at home?—
and that once the hardware is placed in the home
for educational purposes, can you also visualize how
the same devices might be successfully used to re-
place the newpapers?—or may be combined with
sonic and visual media such as TV and radio?

There are many exciting conjectures for the future
in education. Whatever you and | can dream up, it
is an even bet that the future will come in a package
far more colorful and complete than either of us has
imagined!

For the near future, however, it is very likely that
your children will one day comment on “. . . that old-
fashioned drill-practice student terminal which my
parents had! — everyone knows,” they will say, “that
the only way to learn is with full color, three-dimen-
sional TV, stereo-sound and complete, personalized
voice dialoguel” ]

3 Dow Bryant’s voice, Stanford University
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