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Public education is one of the
most expuansive and pervasive activi-
ties in our society. If we identify
"education”" with "learning" then edu-
cation can be seen to be an essential
part of the way we live.

Computers and their associated
technology also perform an important
role in modern society. During the
1980s, computers and computer commu-
nications will become even more
pervasive.

It is inevitable that these two
domains will interact and merge. It
is now technically and economically
feasible to apply computers to the
processes that we Know as
"education."

The purpose of this paper is to
outline some of the factors in com-
puting and in education which will
determine the nature of their inter-
action, to identify the opportunities
and issues raised by the interaction,
and to pose challenges for our com-
puting professionals and educators.

The Long-Term: What Might
Computers Do For Education?

The Printed Word

Much of the activity in educa-
tion has to do with the written word
and its associated skills, reading
and writing. If we think back sever-
al centuries, one of the important
reasons that scholars gathered to
learn was to share the use of books.
It was Bertrand Russell who said, "the
only reason the lecture system is in
use in British universities is that
they have not yet discovered the in-
vention of printing." On a more sar-
castic note, someone has observed
that the last big technological
breakthrough in education was the in-
vention of the megaphone.

Cheap, readily available, printed
material makes possible mass public
education as we know it today. Also,
it is already clear that the computer
is the greatest single innovation in
the production of text since that of
the printing press. Computers are
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being used to assist all phases of
editing, printing, and publishing,
using the gamut of technology from
word processors through to phototype-
setters. Our authors and publishers
are struggling to adapt.

Yet the text-processing revolu-
tion continues far beyond this point.
The linking of computers to the na-
tional telecommunications systems
means that some of the fundamental
reasons for production of printed
pages are beginning to be eroded.

Of course, it will be a long
time before most of us dispense with
books entirely and rely upon imagery
reproduced on the surface of a cath-
ode ray tube. It will be some time
before the storage and retrieval of
information from computer systems can
rival the efficiency of our modern
publishing industry. But it is al-
ready clear that in the long term, if
the computer is used for the capture,
editing, and publishing of text, in
many cases it will be more conven-
ient, faster, and perhaps cheaper to
deliver the information by computer
as well.

To the extent that computers af-
fect the production and dissemination
of books, they will affect the educa-
tional process as well.

Mathematics and Arithmetic

Mathematical skills are con-
sidered to be an important part of
education at all levels. In elemen-
tary education the emphasis is upon
computational skills, that is, arith-
metic. In higher education we move
on to mathematics and mathematical
logic. The purpose of this is to en-
able the student to acquire sKkills
deemed important in our modern so-
ciety - to understand the processes
by which business, engineering, ac-
counting, scientific, and personal
financing decisions are made.

Almost all numerical processes
of any significance are now performed
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by computers. Business accounting
systems are based upon computers.
Engineering and construction are
planned and carried out with computer
assistance. It is computers that do

;~the arithmetic, even if only through

the means of a hand-held calculator.
So the chosen instruments for carry-
ing out mathematical and arithmetic
processes have changed and will
change further. In the long term, it
seems assential that students learn
to use these instruments.

For a long time, the perceived
relevance of mathematics, as it has
been taught in the classroom, has
been a problem in the motivation of
the students. With the computer it
is possible to instruct in both ap-
plications of interest and the neces-
sary skills at the same time. It
seems certain in the long term that
this is the way it will be done.

Logic and Reasoning

A frequently stated goal of edu-
cation at all levels is to "improve
people's ability to think." Thinking
includes, in part, the ability to
reason, recognize logical processes,
make decisions, and so forth. In-
creasingly, decision-making processes
are being carried out with computer
assistance.

Computers also seem ideally
adapted to the teaching of logical
reasoning. This extends from in-
struction in elementary logic through
to complex decision making based on
simulated environments. For the lat-
ter, the computer may provide the on-
ly economically practical method of
instruction.

Continuing Education

One hears much about the in-
creasing need for continuing edu-
cation. The fundamental idea of edu-
cation taking place at a time and
place convenient for the learner



seems inevitable when we consider the
needs of modern industrial society.
Continuing education occurs after the
student has entered the "environ-
ment." That is, he is in a job situa-
tion and at a location remote from
schools. But he needs access to tihe
facilities that our institutions of
education provide.

There are two possibilities:
transport the student to the educa-
tional facilities, or make the educa-
tional facilities accessible to the
student in his job situation. The
latter will be an increasingly pre-
ferred choice.

The most effective learning
takes place when the student has a
problem that he is motivated to solve
and needs instruction for that pur-
pose. This will occur in life situa-
tions, on the job or off the job, in
the student's place of work, or at
home. Telecommunications coupled to
computer-based educational resources
has made education at a distance more
feasible. If instruction is deliv-
ered or assisted by computer in the
classroom, it can be equally well-
delivered at a distance, using the
methods which are now available.

Preparation for Jobs

One school of thought maintains
that the purpose of education is to
prepare students for their "life
work." This means preparation for
the jobs or occupations they will be
engaged in.

In the future, computer technol-
ogy will touch upon most occupations.
It has been estimated that by 1990 up
to 60 percent of the working popula-
tion will use computers on a regular
basis when performing jobs. In the
longer term, the percentage will
likely by higher. If preparation for
jobs is an important part of our edu-
cational objectives, we must consider
teaching skills in using the computer

systems as a prerequisite for effec-
tive job performance.

Summarizing the Long Term

In the long term, computers and
computer communications will funda-
mentally alter most of the important
processes we call education. There~-
fore, our educators must come to
grips with how computers will be in-
tegrated into our educational
programs.

If this is true, and considering
the characteristics of our education-
al institutions, we <can see that
change will be of revolutionary pro-
portions. The interaction will be
pervasive, important, and perhaps
crucial to the future shape of our
society.

It is natural to ask: "What are
we doing now?" "Are we planning for
change?" "What are the instruments
for change and how are they being
managed?" and "Is the 'educational
establishment' positioned for
change?"

The Short Term: How Are
Computers Being Used in
Education Today?

When we look at what is being
done with computers in education to-
day, we can see that the revolution
has barely begun. Computers are be-
ing used to some extent in higher ed-
ucation and a little in public educa-
tion. Computer communications tech-
nology 1is barely being used at all.
The purpose of the following section
is to outline some of the ways in
which computers are beginning to be
applied to educational processes.

There are three main ways in
which computers can be used in educa-
tion. These are:

1) Teaching with computers:
Computer-Managed Instruction (CMI).
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2) Teaching about computers:
Computer Science and Technology.

3) Teaching by computers:
Computer-Assisted Instruction (CAI).

Computer-Managed Instruction (CMI)

By "teaching with computers,” I
mean the use of computers to aid tra-
ditional instructional processes.
This is being done in a number of
ways, particularly with the use of
data-processing equipment in our
school boards and our departments of
education. Activities which fall in-
to this category include record
keeping about students, teachers, and
facilities.

So far, what has been done
largely amounts to automation of the
traditional record.keeping which was
necessary in a school or at a system-
wide level, such as in municipal
school board offices. The facilities
have been introduced to aid the work
of administration of the schools or
the educational systems as a whole.

Little has yet been done to di-
rectly aid the teachers and instruc-
tors who provide the information
which is recorded for administrative
purposes. Test results, grades, and
the results of counseling are manual-
ly prepared, summarized, and entered
into data-processing systems. We can
readily visualize a means whereby
computers are put directly at the
service of the staff who are prepar-
ing this information. They could en-
ter the data directly into an infor-
mation system, thus eliminating the
need for manual reports.

When the progress recording of a
student during a course is automated,
this is frequently referred to as
CMI. With CMI, a teacher can more
readily track the progress of stu-
dents during the course, and retrievs
information in a timely way to assist
in counseling. This can free the
teacher from onerous routine chores,
and enable him to spend more time on
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the important matters of motivating,
counseling, and dealing with learning
problems.

However, the introduction of CMI
has potentially a more revolutionary
implication. A student given direct
access to CMI facilities can get di-
rect guidance without teacher inter-
vention. The teacher can specify the
instructional logic and leave the
process of routine tracking of stu-
dent progress to the computer itself.
With the use of a computer it becomes
feasible to permit individualized in-
struction. With individualized in-
struction, each student can progress
at his own pace and through an in-
structional sequence relevant to his
needs, rather than in lock-step as is
typically the case.

One of the reasons that lock-
step instruction is used is the sheer
complexity of keeping track of the
progress of 30 or more individuals.
If the task of monitoring student
progress can be turned over to a com-
puter system, with exceptional or
summary reports available to the
teacher on request, then the barrier
to individualized instruction is re-
moved .

Once the records of student
progress are available in machine-
processable form, it becomes pos-
sible to begin to manage the instruc-
tional activity in a more rigorous
and scientific way.

CMI does not require any altera-
tion in the content of current educa-
tional curricula. It seems readily
achievable with off-the-shelf tech-
nology. The cost might include one
terminal per classroom, telecommuni-
cation lines, and a central computer
either at the school or in the cen-
tral school board office.

The amount of CMI being carried
on today 1is almost nonexistent.
Little direct use of the computer is
being made by either students or in-
structors. Yet this is where the



short-term manpower savings are po-
tentially the greatest!

Computer Science and Technology

Computer science has been taught
at different levels in our education-
al system for several years. In
spite of the dedicated efforts of
many of our educators, there are
still a number of deficiencies in the
way in which this is being done.

At the public school level, com-
puter science is not integrated into
the curriculum but is taught as an
option. The prescribed curriculum is
also obsolescent and deals with top-
ics such as computer-card punching
and COBOL programming. Very little
is taught about computer electronics,
and virtually nothing is taught about
computers from a system-wide point of
view. This systems point of view may
be even more important than learning
about the electronics and technology
of computers.

Microcomputers are being intro-
duced, often on a voluntary basis,
and sometimes using the personal mon-
ey of teachers. Very little is being
done to coordinate this work from a
system-wide point of view. There is
a great deal of duplication of effort
and no systematic way of sharing ex-
periences. We still lack a plan for
introducing computers into mathema-
tics and other subjects.

In our universities and techni-
cal schools, computer science educa-
tors are struggling to keep up with
enrollments and to meet the needs of
the community and their students.
They have been hampered by institu-
tional rigidities which are different
at each institution. In universi-
ties, the increases in enrollment
have not been matched by correspond-
ing increases in staff because it is
very difficult to quickly redeploy
financial resources in a university,
and there are almost no new monies
available for staff appointments.

There have been similar problems in
the institutes of technology.

In many cases, our institutions
of higher education are not providing
what the business community would
like to see. What is being taught in
our courses is often several years
behind the time. There is an overem-
phasis on the "science" of computers
and programming, and insufficient em-
phasis on systems methodology, the
management of information technology,
and the use of computers as problem-
solving aids.

There is no doubt that many stu-
dents are being frustrated by the
lack of opportunity in our institu-
tions of education. Brighter stu-
dents frequently pay for computer
time and equipment out of their own
pocket in order to prepare themselves
for what they realistically believe
the job market requires.

Computer-Assisted Instruction (CAl)

As a result of the pioneering
work of some educators over the past
10-15 years, it has now been conclu-
sively demonstrated that instruction
by computer can be effective in al-
most any subject area. Systematic
research has demonstrated that it is
possible to enhance the speed of
learning, retention, and skill level
at reasonable cost using a computer
as the teaching medium. More impor-
tant, the computer can be programmed
to adjust to the student's own pace
and special learning requirements
through pretesting and control of the
instructional logic which adjusts to
responses that the student makes to
the computer.

When properly applied, most stu-
dents find instruction by computer to
be interesting and motivating. Usu-
ally, the instruction in a course
will not be completely replaced by
computer but will be supplemented by
computer for appropriate material.
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For example, in a course in econom-
ics, the computer can be programmed
to simulate the results of economic
decisions in a model economy. This
may be very difficult to teach by
other methods. The range of methods
which have been shown to be effective
include drill and practice, dialogue,
simulation, tutorial, and direct
computation.

The cost of CAI has been reduced
sharply by advances in computer tech-
nology and will continue to fall. It
is claimed that the cost of instruc-
tion is as low as 25 cents per stu-
dent contact-hour in. some cases.
Personal computers such as the APPLE,
TRS-80, and PET can be obtained in
the $1,000-$2,000 range, and course-
ware is becoming available for these
machines. .

In public education, micro-
computers are being used for CAI in
some schools but teachers are strug-
gling with inadequate courseware, and
there is little system-wide planning
as yet for the usec of these facili-
ties. Experience has shown that the
development of effective courseware
requires a long-term commitment and
perhaps 100-150 hours per student
contact-hour of instruction. Only
the most dedicated instructors are
prepared to undertake the development
of courseware in addition to their
regular teaching load. There is of-
ten scepticism about the validity of
using computers for instruction, and
hence most institutions do not have a
policy to reduce the workload of an
instructor who has dedicated himself
to the development of courseware.

Careful attention must be paid
to the instructional design and les-
son content as well as the progran-
ming in order to produce effective
lessons. Few educators have skills
in all of these areas, and there is a
high risk of failure when the devel-
opment of courseware is undertaken on
an individual basis. Courseware
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would be best developed on a system-
wide basis but in most provinces
there is neither a system-wide plan
for doing this nor a general frame-
work within which the work could be
undertaken.

The 1980s: A Time
of Opportunity

The 1980s will be a time of
great opportunity for the application
of computers to the problems of edu-
cation. There will be opportunities
for government, computer suppliers,
our institutions of public and higher
education, and our professional asso-
ciations.

The opportunities have been cre-
ated by the amazing and unprecedented
decrease in cost for computing power.
This trend has continued through the
1960s and 1970s, and most informed
opinions indicate that it will con-
tinue through the 1980s. The cost of
computer logic circuits will be cut
in half approximately every three
years, leading to a large increase in
cost effectiveness by the end of the
decade. Costs for other kinds of
peripherals will also fall but not at
a similar rate. Costs for such de-
vices may be three or four times less
ten years from now than they are
today.

Although cost effectiveness for
educational applications is a complex
function of the cost of computer
equipment, software, and personnel,
it is probable that during the 1980s
we will cross over the point at which
it will be less expensive to perform
functions which are capable of being
performed by computer with the use of
a computer. We have already passed
this point for many important appli-
cations in computer-managed instruc-
tion and education in computing
science.

The problems are many, but so
are the opportunities. To properly



exploit the opportunities will re-
quire the cooperation of many differ-
ent agencies in the private and pub-
lic sectors, and: also of our profes-
sional groups.

Summary and Conclusions

My biases will have become clear
at this point. Looking to the long-
term future, I am convinced of the
following :

1) Computersand computercommu-

nications will become the indespens-
able tool of public and private en-
terprise in the future.

2) An "educated man" will need
to understand at least the basics of
computers in order to function
effectively.

3) Appropriate educational poli-
cies for computers, information tech-
nology, and computer communications
will become a necessity in a modern,
industrialized nation.

4) Computing technology will af-
fect every aspect of the educational
processes.

5) Educational institutions
which do not take up the challenge
and exploit the opportunities will be
replaced by other agencies.

6) A fully effective program for
the educational use of computers re-
quires the cooperation of our educa-
tional institutions, of industry, of
governments, and of professional
associations.

The choice is clear. We can sit
back and await developments and thus
play a second-class role, exploiting
the advances which will be made in
other jurisdictions, countries, or
provinces, or we can dedicate our-
selves to the objective of creating
the finest program in the world for
computer-based education. We cer-
tainly have the resources and the ed-
ucated people. Perhaps we have the
willingness to accomplish this objec-
tive. As educators and computer pro-
fessionals, what could be more worthy
of our efforts?

11



	5 - 11 Computers and Education: Opportunities for the 1980s



