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Editor's Comments 

Since 1977, with the introduction of commercially 
available microcomputers, educators have been anticipat­
ing the availability of computers for widespread class­
room utilization. Articles with titles such as "Pre­
pare! Prepare! The Micros Are Coming! " "You and Your 
Home Computer," and "The School Should Lead Computer 
Technology" suggest that we should be doing some major 
things right now. Another article tells us "Computer 
Technology Still a Toy," and suggests that educators not 
rush into technology that is just beginning to grow. 

Exactly what should be the role of the computer in 
the classroom? How should· we go about developing re­
sources? What resources are needed? What is now being 
done in Alberta and · elsewhere in the field of micro­
computers? 

The purpose of this monograph is to give some in­
formation to the mathematics teachers of Alberta regard­
ing these questions. An attempt has been made to be as 
current as possible; however, the development of hard -
ware, software, and support materials seems to be occur­
ring at an ever-increasing rate. 

-Ron Cammaert 
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Computers and Education: Opportunities 
for the 1980s 

by 

Dale Bent 

Director of Computing Services 
University of Alberta 

This article is abstracted from a presentation to the Western Computer Show and 
Conference, October 23, 1980, and articles which appeared in Computer Data, 
Spring 1981. 

Public education is one of .the 
most exp,msive 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 
"ed uca tio n." 

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 pri�ting 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 ed uca­
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 skills 
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 

� L-- the means of a hand -held calculator. 

J 

So the chosen instruments for carry­
ing out mathematical Rnd arithmetic 

✓ processes have changed and will 
change furtirnr. In the long term, it 
seems essential that students learn 
to use these instruments. 

I 

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 ed u­
ca tion. 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 the 
facilities that our institutions of 
education provide. 

There are two possibilities: 
transport the student to the educa­
tional facilities, or make the ed uca­
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. Th is will occur in life sit ua -
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 occupatiom;. 
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 is 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 retriev0 
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 is 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 compute rs into mathema­
tics and other subjects. 

In our universities and techni­
cal schools, computor 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 (CAI) 

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 simuhlte the results of economic 
decisionf: 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. 

Th(l 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 course ware, and 
there is little system-wide planning 
as yet for the use of these facili­
ties. Ex-perience has shown that the 
development of effective coursewa re 
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 course ware. 

Careful attention must be paid 
to the instructional design and les­
son content as well as the program­
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 

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 1980� 
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) Computers and 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 :>pportunities 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? 
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The Impact of Technology On Public 
Education 

by 

Desmond E. Berghofer 

Alberta Advanced Education and Manpower 

This address was given to the ASCE conventinn in Edmonton in November 1980. 

Public education is in a period of great stress throughout the industrial­
ized world. It has reached that stage in its evolution as an institution when 
its technology has matured, and it is facing a future of diminishing returns. 

Since education is embedded in society, policy makers should look to the 
social, economic, and cultural environments for insight on appropriate action. 
The direction for change will be found more by intuition than by rational analy­
sis. It is a mistake to look too deeply at details. These are so numerous that 
they can cloud the issues. A broad outline of conditions and a general sense of 
which direction to steer are what count. If we use this perspective to view the 
context of education, some amazing shifts become evident. 

The most significant change is in the creation and manipulation of informa­
tion. The industrialized world is literally awash with it. From the detailed 
specifications of work-related information to the blow-by-blow description of 
current events from all over the world, people in every part of their lives are 
assailed by facts, opinions, rumors, and lies. To survive, people must know how 
to process that information in ways that lead to personal satisfaction rather 
than to psychological disorientation. Students growing up and learning in this 
turbulent ocean of information require ways and means of learning which are com­
patible with the environment. 

A single phenomenon is responsible for the exponential increase in informa­
tion: electronic communication, including unprecedented power of computation. 
Information is now electronically transmitted, manipulated, and stored in huge 
quantities and at incredible speed, all of this being in addition to a volumi­
nous supply of print materials. This has been referred to by some as the "in­
formation revolution," an event equal in significance to the industrial revolu­
tion. What brought it about was the invention and steady refinement and im­
provement of some truly remarkable electronic communication devices: telephone, 
radio, and television. Add.ed to that now is the computer, which not only 
transmits and presents information but manipulates it in accordance with in­
structions given by the user. So subtle has this power of computation now be­
come that man and machine are virtually interacting at a cognitive level. The 
development of the microprocessor is making this computing power more readily 
accessible to the individual, so that we are now moving rapidly not only into a 
world of information, but also into a world in which the individual, even with 
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minimal computer literacy, will have steadily increasing access to more and more 
personalized information services. This will constitute a fundamental shift 
from a society of consumers who were accustomed to receiving the bulk of their 
information en masse, in broadcast mode, to a more individualized society in 
which people will look for and create more personalized information exchanges. 

Educational Implications 

The above development has far-reaching implications for public education, 
particularly at secondary and post-secondary levels. The most significant point 
to grasp is that enormous pressure is building up to shift the focus of the edu­
cational process from the teacher to the student. A learner-centred system is 
fast becoming a reality and a necessity on several counts: 

1) Greater individual access to data bases and sources of information. 
2) The development of accessible, interactive instructional devices. 
3) A shortage of skilled human resources enabling the individual to command 

more attention in order for his services to be acquired and retained and 
for his productivity to be increased. 

4) Rapid obsolescence of technology thereby requiring highly flexible on­
site upgrading of individuals in cost-effective formats. 

The creaking machinery of an educational system base� on an industrial mod­
el of a mass production of graduates by a process of time-specific "learning" 
events will satisfy no one. The students will not be satisfied because they 
will intuitively know that they are wasting time in school. The teachers and 
professors will not be satisfied because they will get little pleasure out of 
working with bored and reluctant students. The employers will not be satisfied 
because they will not get competent recruits out of the educational institu­
tions. The government will not be satisfied because it will wonder why it is 
spending so much money for so little economic and social return. Finally, the 
public will not be satisfied because it will imperfectly sense all of the above 
frustrations and complain that something should be done about them. 

Even more potentially serious than all of the above, however, is the danger 
that there will be an almost total preoccupation in society with "maintenance" 
learning: individuals and industries trying. to extract from the hodge-podge of 
learning environments, skills, and manpower to keep them viable as economic 
units; and educational institutions so preoccupied with their own economic sur­
vival that they cannot get any clear-sighted policy together that addresses the 
larger educational issue of jmprovement in the human condition world-wide. This 
is the issue of "innovative" learning being overwhelmed by "maintenance" learn­
ing. To neglect this issue in a world as dangerous and volatile as today's 
world would be most unwise. 

Policy Issues 

In the face of such pressures, educational policy must be concerned with 
two paramount issues: changing the technological base of education in a direc­
tion consistent with the changing technological base in the larger society; and 
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restructuring responsibilities for maintenance learning and innovative 
learning. 

It is not the intent here to elaborate in detail on specific policy direc­
tion with respect to these two issues, but rather to indicate a general direc­
tion which can guide strategy. 

Concerning the former issue, government should take the initiative in pro­
viding incentives and controls for institutions to shift instructional content 
and delivery to a more learner-centred approach, capitalizing on interactive 
communication technologies. This entails promoting greater cooperation among 
institutions, establishing direction for the acquisition of hardware, encourag­
ing greater standardization in the production and acquisition of software, and 
generally showing leadership and demanding change. · 

Concerning the latter issue, government should recognize the limitations of 
institutional-based training for vocational purposes at all levels of skill re­
quirements. The new technologies are making industry-based training and part­
time study a much more viable approach for maintenance learning. In the area of 
innovative learning the rich resources of the existing educational institutions 
need to be integrated with the 'capabilities of other social institutions, par­
ticularly the media, to awaken the need for greater public understanding of hu­
man problems and the public's participation in finding the solutions to these 
problems. 

In making these comments to senior officials in the Department of Advanced 
Education and Manpower, what I was essentially arguing was a need for government 
to provide policy direction and flesh it out with consistent strategies. By do­
ing so, government would be taking positive action to assist public education to 
develop a new, more viable relationship with the society it serves. 

We are not playing around here with electronic toys. We are going to be 
facing some hard decisions on such highly volatile issues. as: control and allo­
cation of resources; changing roles for teachers and the emergence of new roles; 
retraining of personnel; revamping of teacher-preparation programs; shift of the 
control of education from the teacher to the learner; reformulation of curricu­
lum materials with tremendous pressure to shift from a print basis to an elec­
tronic basis; and rethinking of concepts such as compulsory education and life­
long learning. 

The significant issue is not going to be the hardware. By the mid 1980s 
our culture will be flooded with it. The issue will be what software to put on 
the hardware and how to arrange delivery. We have not figured out these issues 
for television yet, and it has been around for more than 20 years. Now we are 
talking about a new technology and, indeed, the marriage of this new technology 
with the technology of television for the purpose of stimulating learning in hu­
man beings. 

This is a remarkable challenge. tet us not underestimate the enormity of 
it and let us not dissipate our energies by engaging in recriminations which 
emerge because, of necessity, any one of us views these matters from a limited 
perspective. Let us aim at widening those perspectives and undertaking to work 
together at what needs to be done. 
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Grant MacEwan Community College 

President 
Alberta Society for Computers in Education 

As an educational planner, I 
have ample opportunity (indeed I am 
forced) to analyze trends in society 
and ascertain what implications, if 
any, they will have on the education­
al system. I am convinced that the 
microprocessor revolution will have 
more impact on the way we live and 
work than any development since the 
industrial revolution. The educa­
tional system, designed to prepare 
our youth for useful and productive 
roles in society, will be signifi­
cantly affected. 

Another important lesson I have 
learned in my short tenure as a plan­
ner is that there are often unfore­
seen, but major, unpredictable rami­
fications in these technological de­
velopments. Therefore, rather than 
talking about the visible topics of 
hardware, software, and courseware, I 
would like to reflect on some of the 
potential issues which may arise in 
education as a result of the prolif­
eration of the computer. 

Basic Skills 

I find it extremely ironic that 
although a computer can retrieve and 

process data in millionths of a sec­
ond, the rate the information is 
transmitted to an individual is de­
pendent on his reading speed. The 
man-computer . interface is predomi­
nately the printed word. Therefore, 
no matter how efficient the proces­
sors become, the key factor in utili­
zation becomes how well a person can 
read. Thus, I expect an increased 
demand will be made on our education­
al systems to teach individuals how 
to read quickly and effectively. Ba­
sic reading skills will become in­
creasingly important. 

Data banks always have limited 
storage capacity. Therefore, the in­
formation stored in them must be 
written in a concise and precise man­
ner. I believe that the technologi-
cal revolution will have an impact on 
the written language. Short, clear, 
and concise writing will be encour­
aged to ensure maximum storage capa­
bility and easy reader use. Even 
words and language structure may be 
altered to meet the needs of economy 
and effeciency. Eventually this lan­
guage will find its way into everyday 
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speech. The educational system will 
be required to teach these basic 
writing skills. 
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Like writing, math will be 
taught in a different manner. With 
computers and calculators, computa­
tional skills become less important. 
However, with the greater access of 
mathematical tools, greater emphasis 
will be needed on application and in­
terpretation. In fa.ct, learning how 
to use math in decision making will 
become an integral pa.rt of the basic 
ed uca. tiona.l system. 

One of the more interesting side 
ben.efits I have observed in teaching 
computer courses is that working with 
computers improves the logical rea­
soning and analytical skills of stu­
dents. It will become necessary for 
schools to teach students rigorous, 
disciplined reasoning and problem­
solving skills. I suspect that the 
emphasis will swing from the "cre­
ative" to the "disciplined" in order 
to enable students to cope with the 
new technology. 

I cannot help wondering what ef­
fect the technology will have on in­
terpersonal skills. Many of the ac­
tivities done today involving people 
will soon be done by machines. Bank­
ing is one example in which the 
"Green Machine" is replacing the 
smiling teller. (In fa.ct, a restaur­
ant in Toronto has become totally 
computerized.) The machines are ef­
ficient, eternally patient, and do 
not mind being insulted. I am not 
sure whether the overall impact will 
be negative or positive, but it will 
probably be significant. 

The Educator 

I will not dwell on the role of 
the computer in the classroom. This 
has been sufficiently covered else­
where. I will examine other implica­
tions for teachers. 

First, a massive retraining and 
upgrading effort will be required to 
enable teachers to cope with and uti­
lize the new technology. Unlike oth-
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er educational fads, the computer 
cannot be ignored - it will not go 
away. The technology is so all­
pervasive and encroaching that an 
educator ignores it at his own peril. 
Staff development for teachers will 
become more important than ever 
before. 

The computer will have an impact 
on work loads. Teachers will be 
working differently with computers in 
their classrooms. This means some 
changes in contracts between teachers 
and their employers. I expect uncer­
tainty and confusion for some time 
before this issue is resolved. 

Related to the above issue is 
one of security. It is likely that 
many educators feel anxious and un­
certain about the ad vent of comput­
ers. This is understandable and pre­
dictable. However, it means that un­
less these concerns are handled well, 
the result will be resistance, hos­
tility, and other forms of dysfunc­
tional behavior. There may also be an 
increase in turnover among teaching 
staff. Major technological change 
can have adverse and disruptive ef­
fects on the staff. One should ex­
pect considerable anxiety and disrup­
tion over the next few years until 
teachers accept and utilize the 
computer. 

A final issue I would like to 
address is that of time and resources 
to develop course materials. Until 
such a period as adequate, education­
ally sound courseware is available, 
many educators will need to be en­
couraged to produce appropriate ma­
terials. Those of us who have been 
involved in this process know that it 

is very time consuming. Therefore, I 
expect that demands will be made by 
the educators for time, resources, 
and incentives to develop materials. 
This will cause further strains on 
the already limited resources of most 
systems. 



The System 

The computer revolution will 
cause many interesting problems and 
challenges for our educational 
system. 

Difficulties will be encountered 
in the management and administration 
of the technology. Decisions will 
have to be made on a number of is­
sues: where in the organization the 
technology fits in; who should be re­
sponsible for it; whether it should 
be centralized or decentralized; and 
other decisions. In addition, senior 
management will have to be educated 
as to the implications of computers. 

Resource personnel will be re­
quired to assist educators effective­
ly utilize the technology. A ques­
tion arises as to the most appropri­
ate qualifications of these consult­
ants. Should they be computer spe­
cialists, content specialists with 
some knowledge of computers, or 
should they be specialists in both 
computers and their content area? 
Another concern is that there exists, 
and there is expected to continue to 
exist in the foreseeable future, a 
tremendous shortage of computer 
personnel. 

With the ad vent of distributed 
processing and improved communication 
capabilities of all computers, the 
potential exists for developing cen­
tralized educational resource data­
banks. This would enable educators 
throughout the province to have ac­
cess to and use of far greater mater­
ials than any individual system could 
afford. However, this also opens up 
nightmares of coordination, funding, 
jurisdictional disputes, capabili­
ties, etc. The negotiations will be 
long and difficult and will likely 
delay the establishment of such re­
source centres. 

One issue which has already 
raised its ugly head is a regulation 
known as the "seat time" rule. This 

requires a student in the basic sys­
tem to have so many classroom hours 
in a course prior to being permitted 
to advance to the next level. A sim­
ilar problem may exist in credit 
courses at the post-secondary level. 
A problem develops when a student, 
using a CAI package, masters the ma­
terial in less time than he would by 
traditional methods. This is cited 
as an example that there probably ex­
ist inummerable provincial regula­
tions which are incompatible with the 
use of technology in the educational 
system. Changing these regulations 
will take time and effort. 

Summary 

The computer revolution is here! 
It will have a major impact on the 
educational system. The technology 
will affect the teaching of certain 
basic skills which will be required 
to cope with · the changes: for ex­
ample, reading, writing, math, and 
reasoning. The revolution will af­
fect the educator. It will probably 
require considerable upgrading and 
staff development; it will affect 
staff workloads; it will require de­
velopment and production of mater­
ials; and it will affect the mental 
well-being of staff. Some of the im­
plications for the overall system in­
clude such things as: educating man­
agement, organizational changes, ap­
propriateness of resource personnel, 
and development and maintenance of 
resource centres and provincial 
regulations. 

It is often the unexpected con­
sequences that cause the most prob­
lems. Certainly the introduction of 
computers into the educational system 
is happening quickly. It is hoped 
that by alerting the reader to some 
of the potential problems, the dis­
ruptions and obstacles can be mini­
mized, and the computer can become an 
integral part of our educational 
system. 
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Microcomputer Report of the Minnesota 
Educational Computing Consortium 

by 
MECC Instructional Services Division 

Background 

The use of microcomputers is a 
relatively recent phenomenon that has 
occurred in a variety of application 
areas on a nationwide basis. Inter­
est in microcomputers is high, and it 
is difficult to stay abreast of an 
exploding knowledge-base. During 
1979, the microcomputer ind us try has 
been stabilizing. The phenomenal 
growth of retail sales and distribu­
tion outlets that occurred in 1978 
has slowed, but 1980 will see the in­
dustry begin to escalate and touch 
practically every dimension of soci­
ety. Microcomputer manufacturing 
should catch up to the demand for 
equipment in 1979. Distribution 
channels and retail outlets will be 
handling selected equipment lines 
rather than whatever is available, 
and the public's expectations about 
microcomputers tend to be ahead 
of capahilities and the knowledge re­
quired to effectively use these tech­
nological devices. 

Since education tends to pick up 
on technological advances after busi­
ness and industry, a significant in­
crease in the sale of microcomputers 
can be expected during 1979-80. This 
is particularly true for systems 
costing less than $2,000. Inexpen­
sive systems are well suited for 
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activity in introductory programming 
and small instructional simulations. 
The current number of microcomputers 
in education is estimated to be 
25, 000 and will swell to 100, 000 by 
1982. Radio Shack's "Introduction to 
Micr.ocomputers" packet sent to every 
school district in the country, Com­
modore's "Three for the Price of Two" 
sale, and APPLE's feature magazine on 
"Computers in Education" are examples 
of events which have familiarized the 
educator with the potential for ob­
taining and using microcomputers. 

Software development and related 
instructional support for the promo­
tion of classroom computer activities 
will not keep pace with the initial 
movement toward microcomputer usage. 
In the case of many of the systems, 
use will be impeded because of a lack 
of hard ware/ software features. In 
order to meet the expanding need for 
assistance with microcomputer hard­
ware and software, it is necessary 
for educational service agencies to 
broaden support in these areas. Mi­
crocomputer companies will be able to 
promote sales by providing materials 
and methods for incorporating comput­
er technology in to the classroom. 
Textbook publishers are just begin-· 
ning to explore the potential of pro­
ducing learning materials based on 
microcomputer technology. 



The 1978 Microcomputer 
Report 

In December 1977, the MECC board 
of directors established the Micro­
computer Task Force for the purpose 
of advising the Executive Director 
and MECC member systems on matters 
related to the evaluation and utili­
zation of microcomputers for instruc­
tional computing services. Three 
general recommendations resulted from 
the task force activity and each is 
summarized below: 

Acquisition of Microcomputers 

It was recommended that MECC re­
lease an invitation for bid for 
the acquisition of microcomputer 
systems by any non-profit, 
education-related organization. 
The statewide bid defined for 
manufacturers and vendors the 
specifications for a microcom­
puter to be used in the educa­
tional environment. The bid al­
so served as a guide to educa­
tors needing assistance in ac­
quiring a system to meet their 
needs. Bids were received and 
APPLE Computer, Inc. was the 
successful tender. The result­
ing statewide contract for pur­
chase of microcomputers allowed 
MECC members and others to pur­
chase the APPLE II microcomputer 
system at a cost reduced by 
APPLE's education grant. 

Support 

It was recommended that MECC 
provide support services to Min­
nesota's educational users of 
microcomputers. Support for the 
1978-79 school year concentrated 
on the APPLE II system which was 
awarded the statewide contract. 
This support fell into four gen­
eral categories: 1) purchase, 

installation, maintenance, and 
documentation of the system; 2) 
training in system operation and 
use of applications packages and 
programming languages; 3) acqui­
sition, conversion, development, 
maintenance, documentation, and 
dissemination of applications 
packages; and 4) response to 
questions, problems, and re­
quests for assistance. 

Microcomputer Technology and 

Instructional Computing 

It was recommended that MECC 
continue to analyze microcomput­
er hardware and software tech­
nology and continue to dissemi­
nate the resulting information 
to the Minnesota educational 
computing community. As that 
report was being written, new 
advances in microcomputer hard­
ware and software were released 
which enabled educators to do 
more computing in ways not pos­
sible on then-existing microcom­
puters, and at reduced costs. 

Microcomputer User 
Considerations 

The 1979-80 school year will be 
one of transition for users of com­
puters in Minnesota schools and col­
leges. The move will be from almost 
exclusive use of large mainframe sys­
tems delivering timesharing services 
to a combination of timeshare systems 
and microcomputers. 

To date, the actual number of 
Minnesota school districts experi­
enced in the use of microcomputers is 
small. Less than 10 percent of the 
schools have used microcomputers. 
This is rapidly changing. By fall, 
1979, 50 percent of the school dis­
tricts currently using computers, and 
all of the colleges, will have some 
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microcomputers in their educational 
programs. Some of the specific modes 
of microcomputer use in schools and 
colleges are given in the table fol­
lowing. Teachers and instructors ex­
pect to use microcomputers in three 
different aspects of their education­
al programs. 

First, microcomputers will be 
used to provide equipment for the 
teaching of computer programming. In 
general, the BASIC computer language 
is taught. In the past, 50 percent 
of the use of computers in schools 
and colleges was in computer 
programming. 

The second use of microcomputers 
is execution of computer program ap­
plications ranging from mathematics 

drills to science simulations. The 
greatest growth in the use of comput­
ers in education is expected in the 
area of applications. The majority 
of current microcomputer purchases 
are being made for special education 
services, and various subject area 
departments in high schools and 
colleges. 

Third, microcomputers are used 
to teach about computers in the "in­
troduction to computer" course taught 
in colleges and in specific "comput­
ers and society" courses taught in 
secondary schools. For example, the 
computer is sometimes used as a part 
of a social studies class in which 
students may study the role of com­
puters in society. 

Art 

Educational Applications for Microcomputers 

Language Arts 

Graphic techniques 
Form 
Color and medium mixing 
Art production and 

art history in CAI 

Business 

Data processing 
Management 
Programming 
Financial courses 
Accounting courses 
Statistics 
Economic simulations 
Marketing simulations 

Industrial Arts 
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Variable dimensions 
Stress analysis 
Cost and time computations 
Use of tools, construction 

techniques, wood furnishing, 
planning layout, and safety 
in CAI 

Language structure simulations 
and operations 

Translation problems 
Individualized units on grammar, 

vocabulary, spelling, and 
sentence structure 

Mathematics 

Computer applications 
Routine calculations 
Variables in complex relationships 
Conic sections 
Graph functions 
Number-line operations 
Geometric figures 
Real-life simulations with 

a mathematical base 

Music 

Computer-generated music critique 
Music form, harmony, rhythm, 

compositional techniques, 
transposition, and music history 
in CAI 



Physical Education 

Defences, plays, and strategies 
Team statistics 
Game rules 

Pre-Medical and Medical School 

Biological or medical diagnostics 
Data reduction 

Reading 

Self-paced instruction 
Reader progress management 
Diagnosis and prescription 
Individualized reading 
Multi-modal 

Resource Centre 

Information retrieval 
Media equipment scheduling 

and checkout 
Cataloging 
Records for acquisitions, 

supplies, reserve books, 
budgets 

School Management 

Attendance records 
Budget control 
Computation of grades 

Data processing 
Inventory management 
Progress of programs 

mandated by PL 94-142 
Scheduling 
School calendar 
Test scoring 
Trend analysis 

Science 

Chemistry 
Chemistry and physics simulations 
Laboratory equipment testing 
Theory examination 
Computer technology 
Electrical engineering theory 

Social Science 

Human/environmental interactions 
History drill 
Government interactions 

Special Education 

Individualization with progress data 
Self-pace instruction with branching 

*This table is based on information compiled by Bell & Howell Audio/Visual Division 
(distributors of microcomputers). 

Appeal of Microcomputers 

Educators in Minnesota are tak­
ing great interest in microcomputers. 
They see the microcomputer solving 
some problems posed by large-scale 
computers: the need for and cost of 

telecommunications, timeshare hard­
ware costs, and lack of local control 
of computing resources. 

The terminal to timeshare com­
puter connection requires the use of 
telephones. Telephones are not .lo­
cated in every classroom and thus the 
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use of computers in instruction has 
been in restricted and often limited 
locations. The cost of the telephone 
communications can be high. In ad­
dition, there is the use of the tele­
phone with shared access to the com­
puter, which can mean the frustration 
of busy signals. 

The low cost of microcomputers 
means that computers can now be in­
troduced into curriculum areas where 
they were once too expensive. Par­
ticularly notable is the number of 
microcomputers available now in the 
elementary schools. Also, microcom­
puters are being used to add computer 
resources to programming classes 
where a shared terminal for 30 stu­
dents has long been a problem. Col­
leges are finding that microcomputers 
provide an inexpensive and practical 
way to add computer resources to 
their increasingly popular in trod uc­
tory courses. Voice input/output ca­
pabilities generate new uses for com­
puters in schools and colleges. Gra­
phics and the faster rate of 
information-display interest both ex­
perienced and inexperienced computer 
users. 

Many schools prefer to do and to 
control their own computing. Paying 
a service fee and sharing a resource 
with other institutions is not as 
popular as paying a one-time purchase 
price and having control over the 
equipment. When a microcomputer 
fails, the failure is easier for the 
user to understand and accept than 
the "downs" on remote systems. How­
ever, if the microcomputer requires 
repair, the owner pays the cost and 
waits while the machine is at the re­
pair shop. 

Hardware 

The specific hard ware require­
ments for microcomputers used by Min­
nesota schools vary according to the 
application. In general, the need 
for a hard-copy printer is much less 
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in an elementary school than in a 
high school programming class. Simi­
larly, the elementary school may well 
need a larger system (more RAM stor­
age) than the high school programming 
class since the elementary applica­
tion programs are more complicated 
�han those of the high school. 

Colleges have a greater need to 
interface peripheral equipment with 
a microcomputer. In addition to add­
ing hard-copy capability, there is 
also a need to interface with other 
computers and with laboratory de­
vices, and to add other types of ex­
perimental modules • 

Since distributing and sharing 
microcomputer software can be easily 
handled through a centralized comput­
er system, it is important that mi­
crocomputers be able to communicate 
through standard modems to a host ma­
chine. The most practical interface 
is an RS-232. This interface is com­
patible with variable baud rates. 
New types of small modems allow for 
interesting and practical inter-
microcomputer communication and 
microcomputer-timeshare connections. 

User needs for microcomputer 
features also vary with experience. 
Initially, it was thought very satis­
factory to have a BASIC-only micro­
computer. As microcomputer technolo­
gy advances it is becoming evident 
that other language capabilities are 
going to become essential in the edu­
cational computing environment. 
Users now expect their microcomputer 
to have some degree of graphic capa­
bility. Many expect the graphics to 
have a high resolution and also to be 
in color. 

Perhaps the greatest concern for 
microcomputer hardware is that it be 
dependable. If there is a breakdown, 
service must be readily available so 
that the unit can be restored in a 
short period of time. It is assumed 
that as the number of microcomputers 
in schools and homes increases, 



the number of service centres will 
also increase. Currently, schools 
are limited to the few retail dealers 
who also provide maintenance/repair 
service. Maintenance /repair service 
must increase to insure microcomputer 
reliability. 

Software 

The need for software falls into 
two categories: system software and 
applications software. The program­
ming instructor finds a need for a 
good BASIC language. Currently, 
there is little interest in other 
higher level languages or in machine 
language at the secondary level. 
Colleges, on the other hand, find al­
ternate languages such as PASCAL to 
be of value. 

Educators are greatly concerned 
about the availability of applica­
tions software. Few are interested 
in purchasing a microcomputer without 
the assurance that software will be 
available. To date, there is very 
little commercial applications soft­
ware which has any educational 
value. 

The promise of the microcomputer 
is that many individuals and groups 
will be developing applications soft­
ware. As this activity emerges the 
concern will be dissemination. Much 
has been said about the ease of dis­
seminating via cassette or tape. 
True, it is a simple process, but un­
til mechanisms for carrying out the 
process are in place, not much dis­
semination will occur. These mecha­
nisms, whether commercial or coopera­
tive, will have some real costs. 
Software will not be "free. " 

In addition to the obvious dis­
semination mechanisms there is trans­
fer from one computer to another 
called off-loading. In Minnesota, 
off-loading is electronically moving 
computer programs and data files be­
tween a timeshare system and a micro-

computer. Off-loading works both di­
rections, downloading being the 
transfer from the large statewide 
timeshare system to the microcomputer 
and uploading being the transfer from 
the microcomputer to the timeshare 
system. The off-loading capabilities 
provide an effective means for dis­
seminating software statewide. 

Downloading through a timeshare 
network offers some unique advantages 
to users as they build up program li­
braries on their microcomputer disk­
ettes. Users of downloading have the 
ad vantage of being able to group pro­
grams on diskettes in an arrangement 
which best suits their needs. For 
example, programs relating to geogra­
phy can be on one diskette, science 
programs can be on another diskette, 
and so on. This program transfer is 
done by the user without anything 
more than calling to obtain the most 
current copy of the rapidly changing 
software. 

The downloading process offers 
tremendous dissemination potential 
but it can be time consuming. Even 
at 30 characters per second, programs 
which use special data files and 
chain to other programs may take sev­
eral hours. Downloading binary spe­
cial situations standardized program 
sets on discs will be available for 
distribution to users. (Microcomput­
er software availability is the focus 
of the third section of this 
article.) 

Support 

The new owner of a microcomputer 
in education is not like the average 
hobbyist, who enjoys tinkering with a 
system. Simply setting up a micro­
computer, no matter how explicit the 
instructions, is a task some teachers 
are unwilling to perform. It is es­
sential to have some support avail­
able to new users. This service has 
generally been more than a local 
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vendor can supply. MECC Instruction­
al Coordinators have assisted Minne­
sota users by delivering and install­
ing equipment, and providing initial 
training at the user's site. Also, 
MECC staff have written a "New User's 
Guide for the APPLE II" to assist the 
new user. This publication is avail­
able through the MECC Publications 
Department. 

Workshops are necessary to get 
users off to a good start. The work­
shop sessions cover many of the 
"tricks" of using a microcomputer 
system, the BASIC language, and spe­
cial microcomputer programming fea­
tures. As owners begin using micro­
computers they find a need for an­
swers to specific technical questions 
which cannot always be found in the 
manuals. These questions often re­
quire additional consultant help. 
MECC's User Service staff, including 
a user consultant who can be called 
on a toll-free telephone line, pro­
vides this service. 

As needs change, the user often 
wishes to add peripherals to the sys­
tem. The first such peripheral is 
often a hard-copy terminal. Some­
times the user wants advice on more 
exotic units. The MECC user has a 
need for competent ad vice on peri­
pheral alternatives. At MECC such 
services are provided by the User 
Services staff. 

Microcomputer Software 
Availability 

The past decade of instructional 
computing experiences has convinced 
educators that computing hardware is 
only part of what is needed to make 
effective classroom use of the tech­
nology. Good quality software, for 
applications as well as systems, is 
vital. Applications software usually 
requires some complementary written 
materials. These materials may be in 
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the form of student worksheets, 
teacher guides, and resource book­
lets. The combination of these 
learning support materials and the 
applications programs (software) is 
referred to as instructional comput­
ing course ware. 

High quality, educationally 
sound applications for microcomputers 
comprise a very real need in ed uca­
tion. This section addresses the 

various sources for microcomputer 
software, summarizes what is happen­
ing in the area of software, and de­
scribes various methods of distribu­
tion. Types of current applications 
and near-future innovations are also 
discussed. 

Sources for Applications 

There are at least 
sources of instructional 
courseware development: 

four major 
computing 

1) Commercial publishing or 
software houses. 

There are indications that 
publishers' interest in micro­
computer courseware is grow­
ing. A few companies, estab­
lished in related businesses, 
are now in the microcomputer 
software business. In addi­
tion to small software compan­
ies established primarily for 
software development, some 
small educational publishers 
are preparing to release ini­
tial applications products. 
If these initial efforts are 
successful, then the larger 
education publishers may move 
into this field. 

2) Hard ware manufacturers. 

Some major microcomputer vend­
ors are expanding their soft­
ware library offerings. This 
expansion, through some devel-



opment but mostly through 
author royalties offered to 
individuals and organizations, 
should bolster the quantity 
and quality of available 
course ware. 

3) Educational cooperatives. 

MECC and other educational co­
operatives are a prime source 
of instructional computing ap­
plications. At the present 
time, most course ware from ed -
ucational cooperatives deals 
with specific topics, and com­
prehensive units of study have 
not yet evolved. Many of 
these cooperatives have a rep­
utation as providers of sound 
instructional computing soft­
ware. The software developed 
at these locations may eventu­
ally be made available to mi -
crocomputer users, especially 
within the educational commu­
nity, on a low cost or ex­
change basis. 

4) Individual school districts. 

There are many individuals and 
teams currently developing 
software in local districts. 
However, locally developed 
software is often written to 
meet the specific needs of a 
school and may have less ap­
plicability in other settings. 
It is often difficult to lo­
cate software developed by in­
dividual districts. A teacher 
may never hear about an excel­
lent set of applications pro­
duced by a neigh boring 
school. 

Applications Currently Available 
From MECC 

1) Converted Applications 

At present, MECC staff has 
made available to MECC users 

over 100 microcomputer appli­
cations programs. Many of 
these programs have related 
courseware materials avail­
able; that is, the software is 
complemented by appropriate 
written materials for the 
teacher and student. These 
programs are primarily conver­
sions from the MECC Timeshare 
system to the APPLE II micro­
computer. The conversion pro­
cess from a timeshare terminal 
orientation to the screen or­
iented APPLE is generally a 
two-step process. After down­
loading the program into the 
microcomputer, the program is 
converted for correct syntax 
and good screen presentation. 
The second step is to take ad­
vantage of the animation, col­
or, graphics, and sound capa­
bilities of the microcomputer. 
These special feature capabil­
ities are added to a program 
only if the effectiveness of 
the program is enhanced by 
such an addition. 

2) Microcomputer Utilities 

Utilities to aid in activities 
such as downloading programs 
from the timeshare system, 
generating high resolution 
shape-tables by keyboard en­
try, and creating and editing 
text files have been developed 
by MECC staff. These utili­
ties aid MECC users in making 
more efficient use of their 
microcomputers. A special 
STARTER program, documented 
by a MECC publication, the 
MEGGI APPLE Authoring/Pro­
gramming Guide, includes 
most of the subroutines and 
utilities necessary to author 
and produce quality software 
efficiently. 
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3) New Development Efforts 

Microcomputer capabilities such 
as graphics, sound, color, and 
animation have greatly in­
creased the computer's poten­
tial as an instructional aid. 
The MECC community, both staff 
and users, have already begun 
development of many new in­
structional computing pack­
ages. Built around the micro­
computer, the courseware will 
take ad vantage of this new and 
exciting potential. A compre­
hensive music theory package 
of seventeen programs is one 
example of a new application 
developed by MECC staff. This 
package was an impossibility 
before the graphics and sound 
capabilities were available. 
Additional applications, de­
signed to be comprehensive 
units of study, are presently 
under development in geometry, 
elementary reading skills, and 
middle school science. 

Methods of Distribution 

Effective instructional use of 
microcomputers is very dependent upon 
dissemination of applications pro­
grams. The MECC staff has considered 
a variety of possibilities including 
tape or cassette shipping, mailing 
listings, and electronic transfer. 
While special cases will undoubtedly 
require the use of a variety of tech­
niques, MECC has decided to use the 
previously described (see "Software" 
section) downloading technique as its 
primary means of disseminating appli­
cations programs within Minnesota. 
The written materials part of the 
courseware packages will be handled 
through the MECC Publications Depart­
ment's order/shipping process. 

Among the several methods of 
distributing microcomputer software, 
the most widely used method is cas-
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sette tape. While inexpensive, this 
method is time consuming and, on a 
large-scale basis, may have serious 
reliability problems. Most educators 
prefer floppy diskettes over cas­
settes. This means of distribution, 
that is, duplicating and mailing dis­
kettes/ cassettes solves some prob­
lems. Even for the inexperienced us­
er, duplicating diskettes is a rela­
tively simple process. However, the 
user who wants only three of the 20 
programs on a diskette or cassette is 
forced to buy something unwanted. 
Program enhancements, which are as­
sumed to be frequent in these early 
development days, are impossible to 
keep up with in a large user-group. 
Simple program replacement probably 
requires the purchase of a whole new 
diskette. 

Given that MECC already has in 
place a statewide mechanism for 
transfer, MECC has chosen to keep a 
library of APPLE II programs on the 
timeshare system, and MECC users are 
now able to download programs to 
their microcomputers. This process 
works quite well for some applica­
tions. However, others, such as the 
MECC/APPLE II Music Package, require 
the downloading of 17 programs. This 
process can take hours. As a prac­
tical matter, such packages may re­
quire disk duplication for the ini­
tial version while using downloading 
for enhancements or revisions. 

The technology of distributing 
software through single program ROM 
cartridges has a bright future. The 
reliability and protection from un­
authorized duplication make this 
method attractive to commercial vend­
ors. Users are wary of the higher 
cost of the method and the system's 
general inability to make program 
modifications. 

With increased availability of 
software and ease of distribution, 
duplication and copyright violation 
problems arise. Schools within an 



educational cooperative generally 
have the right to use the software 
developed for them in the manner they 
choose. However, schools or individ­
uals purchasing commercial software 
are not purchasing the right to du­
plicate or distribute programs. This 
prohibition holds even within dis­
tricts or between colleagues. Good 
quality software is expensive to de­
velop. and microcomputer users cannot 
expect commercial products to become 
available unless they are willing to 
pay. Commercial organizations need 
educators' encouragement to get into 
instructional computing courseware 
development. Educators must provide 
some encouragement by assisting in 
protection of software products. 

MECC Courseware Distribution Policy 

MECC is reviewing the various 
alternatives for distributing soft­
ware to educational users throughout 
the country. MECC has an attractive 
timeshare system package of applica­
tions for sale and has distributed 
numerous copies. If interested in ob­
taining the "MECC Software Distribu­
tion Policy" booklet, send one dollar 
($1. 00) to MECC Publications Office, 
2520 Broadway Drive, Lauderdale, 
MN 55113, and ask for publication 
number 200-1. This booklet lists both 
the timeshare ( CDC-CY BER 73) and mi­
crocomputer ( APPLE II) software pack­
ages available for sale. 

Software Summary 

Early development of the in­
structional use of the microcomputer 
has focused on the ease of use and 
capability of quickly providing in­
formation to users. The microcomput-

er can only become a significant fac­
tor in education if high quality 
courseware is produced and made 
available to all users. Teachers 
will need background information, 
suggested methods of use, and user 
guides to help them make effective 
use of this new teaching /learning 
tool. 

Instructional computing software 
for microcomputers is expected to be­
come more abundant as protection 
against duplication increases. Edu­
cators looking for high-quality soft­
ware should examine: 

1) courseware packages that in­
clude the applications soft­
ware and teacher/learner sup­
port material such as guides, 
resource booklets, and student 
worksheets; 

2) software that effectively us­
es the special capabilities of 
the microcomputer; 

3) courseware packages that are 
stand-alone, comprehensive 
lessons, or units that can 
meet the different needs of 
teachers and students; 

4) courseware packages that are 
well packaged and attractively 
presented; and 

5) courseware packages that in­
clude good user documentation. 

The availability of high quali­
ty, educationally sound courseware 
for instructional computing will be 
greatly enhanced by local, state, and 
national educational decisions ad­
dressing the need for incorporating 
microcomputers into the classroom. 
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JEM Research 

by 

JEM Projects 

History 

Joint Educational Management Research (JEM) is a nonprofit research insti­
tute located at the Discovery Park complex on the University of Victoria campus 
( British Columbia). The title of the organization reflects the early focus of 
JEM on projects related to educational administration. These projects were com­
menced at the request of the Minister of Education in 1977, for both fiekl agen­
cies and the central bureaucracy. JEM's work within education in British Colum­
bia has been to undertake initial feasibility studies for the ministry or field 
agencies and, where appropriate, to act as project manager or project consultant 
to initiated work. Much of this work has involved computer technology either 
directly for modeling, in data support systems, or for project planning and 
control. 

Because of the interest within education and the employment marketplace in 
computer technology, JEM has sponsored several projects related to the need for 
computer literacy. These include computer science employment forecasts, the use 
and potential for the implications of microcomputers in computer-aided instruc­
tion and learning (CAI), and micro-electronic learning aids. JEM discussion 
papers on these subjects and related aspects of instructional technology result­
ed in the Deputy Minister and Senior Superintendent of Schools requesting JEM to 
embark on a program to bring microcomputers into the schools of British Columbia 
on a pilot basis. 

Current Work 

JEM's present activities, while including research assistance in management 
projects and project planning for educational agencies, are focused on microcom­
puter technology in the instructional setting. The scope of involvement 
covers: 

1) hard ware acquisition and testing; 
2) courseware acquisition and testing; 
3) creation of discussion papers on related topics; 
4) publication of a newsletter on computer-aided instruction (CAI); 
5) evaluation of pilot test activities; 
6) publication of courseware development standards; 
7) operation of an instructional technology coordination centre; 
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8) courseware development; and 
9) coordination of inservice training. 

In addition to the above, JEM is engaged in the evaluation of new tech­

niques for applying advanced hardware and software technology to such areas as 
speech recognition, special keyboards, speech synthesis, animation and graphics, 
author languages, courseware design, analysis of learning potentials, and educa­
tion of handicapped children. These activities are conducted in conjunction 
with the University of Victoria and the National Research Council. 

Future 

The long-term goal of JEM Research is to enhance the learning process 
through innovative technology. It is committed to undertake this work utilizing 
a team of highly skilled research associates with b.oth practical classroom 
experience and exemplary technical qualifications, in an environment of 
well-organized individual creative freedom and professionalism. 
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Applications of the 
Microcomputer 



Elementary Mathematics and the 
Computer 

by 

Denyse Forman 

Research Associate 

JEM Research 

This article was first published in Micro-Scope, Vol. 1, No. S(November 1980). 

How useful are Computer-Assisted 
Instruction ( CAI) and Computer­
Managed Instruction (CMI) in an ele­
mentary mathematics program? 

In an elementary mathematics 
program, a significant portion of a 
teacher's time is spent in monitoring 
and developing drill and practice ac­
tivities which are intended to thor­
oughly acquaint students with newly 
introduced material and to constantly 
review the old. In an individualized 
nathematics program, this involves 
regularly assessing each student's 
placement and progress; it means 
searching through published materials 
in order to locate exercises and 
drills that are appropriate to the 
student's level of skill and ability; 
where a sufficient quantity of suit­
able materials is not available, it 
requires the development and duplica­
tion of appropriate materials; and it 
involves the never-ending corrections 
and the recording and reporting of 
each student's successes and 
failures. 

Few elementary teachers would 
question the importance and value of 
these activities, but most express ' 
concern and frustration over the \ 
amount of valuable teaching time that 

I 
is consumed by drill and practice 
activities and the paperwork that is 
associated with an individualized 
mathematics program. Many would ap­
preciate an alternative method that 
has been proven instructionally sound 
and which would reduce the load of 
paperwork. 

CAI and CMI offer teachers such 
an alternative method. The first 
step in successful teaching is motiv­
ating students; it is evident that 
students of all ages are motivated by 
the computer. In the case of a com­
munity college system in Ontario, the 
use of the computer increased the at­
tendance rate of students in remedial 
or basic mathematics courses from a 
dropout rate of 60 percent to an at­
trition rate of only 20 percent with 
CAI mathematics (Dr.Ludwig Braun, 
"Computers in Learning Environments, 
an Imperative for the 1980s," BYTE, 
July 1980, p.10). 

A series of studies on the value 
of CAI for achievement and time to 
learn in elementary and secondary ed­
ucation, particularly in the basic 
skills area, has indicated that aug­
menting classroom instruction with 
CAI materials supports the notion 
that supplementary instruction with 
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CAI leads to higher achievement than K-8 Math Program which provides 
occurs with traditionally taught stu- individualized exercises in addition, 
dents (Braun, 1980). subtraction, division, multiplica-

The most recent review of the h tion, and number concepts. One of 
effectiveness of the use of the com- /I its featu�es is a placement mode 
puter indicated that when the com put- {

y
; ✓ which determines a student's present 

er is used to aid instruction in th�,.-,1 · skill level in terms of the four ba-
elementary and secondary school lev-- sic functions of mathematics. The 
el, the achievement and/or the time i , teacher enters a level at which he or 
reduction to learn materials is sig- l I she thinks the student should begin, 
nificantly improved (Braun, 1980). based on a study of the "Curriculum 
This covers skills in elementary lan- Content Summary" that is provided 
guage arts and mathematics. with the manual. The computer asks 

CAI has been proven to be in- the student to work a few problems at 
structionally sound both in terms of that level and placment is made at 
achievement and in the time required the appropriate level. The computer 
to learn material. A properly de- will generate drill and practice ma-
signed management system for the com- terial that is appropriate and then 
puter can drastically reduce a teach- provide a record for the teacher of 
er's "paperload." how well the student has done based 

In a mathematics program, CAI on the number correct on the first, 
and CMI used together can: assess second, or third attempt. 
students' skills and areas of weak- At any point the teacher can ask 
ness; develop individualized programs the computer to test the student. 
through diagnostic and prescriptive The computer will randomly select as 
procedures; generate tract itional many problems as the teacher chooses 
worksheets or inexpensively display from a particular lesson. During 
material electronically; mark assign- testing, the student receives no 
ments; provide students with immedi- prompting and has no indication of 
ate feedback; offer remediation or whether the answers entered are cor-
enrichment material· as appropriate; rect or incorrect. At the end of the 
test students; work out percentages, test, a report shows the number of 
means, averages, and standard devia- problems worked, how many were cor-
tions; store students' records; and rectly answered, the percentage cor-
provide reports on progress. rect, and the average response time. 

Generally, the more expensive a SRA's Classroom Management 
CAI or CMI package is, the more so- System for Grades 4 through 8 pro-
phisticated its functions. But even a vides the teacher with a diagnostic 
simple, inexpensive drill and prac- , and instructional tool. Utilizing 
tice program which presents a ques- . nine survey tests and 49 probe tests, 
tion, accepts a student's response, it narrows a student's areas of dif-
and offers feed back, has its place in 

I 

ficulty down until it can prescribe 
an elementary mathematics program and materials based on 325 objectives and 
would be a good place for the cau- references to six textbooks, 16 SRA 
tious teacher to start. kits, and five references which the 

For those who are already con- teacher can include. It keeps a rec-
vinced that the computer is a valu- ord of each student's progress and 
able tool to augment mathematics in- will generate a hard-copy report on 
struction and management, there are a an individual student or on the en-
number of sophisticated but expensive tire class. 
packages on the market. Radio Shack The system might prescribe SRA's 
is now offering, for example, the CDIM package which provides computer-
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ized drill and practice materials for 
Grades 4 to 8. Or, teachers can pur­
chase a version which has a manage­
ment system built into the drill and 
practice materials. 

Milliken's Mathematics Sequen-
ces incorporates a management sys-

. tern which allows teachers to assign 
three exercises to each student in as 
many as five classes. Without re­
quiring any teacher supervision, the 
student tells the computer his name 
and it automatically takes him to the 
assignment his teacher has specified 
or to his last unfinished assignment. 
If the student is having too much 
difficulty, the computer will auto­
matically lower his problem level. It 
will then produce a hard-copy report 
which indicates the problem level 
the student is currently working on, 
which levels have been successfully 
completed, and the percentage correct 
on assignments. 

For these CAI and CMI packages 
to be utilized to their full poten­
tial, students need ready and easy 
access to a microcomputer. At the 
present time, unfortunately, even one 
microcomputer per classroom is con­
sidered a luxury. Until microcomput-

ers become commonplace in the class­
room, teachers will have to be 
imaginative in working out a schedule 
which will provide optimum use of the 
microcomputer. 

Students who could benefit the 
most from using computer materials 
(perhaps remedial or enrichment stu­
dents) might be scheduled more fre­
quently than students who work well 
with traditional teaching methods. 
Small groups of students might use 
the computer together, benefiting 
from the shared problem solving. A 
very inexpensive, colorful drill and 
practice program could be used with 
the whole class as a regular drill 
each morning. Poorly motivated stu­
dents could be allowed to use chal­
lenging mathematics games, drill and 
practice in disguise, as a reward for 
completing assignments. Even if a 
teacher is determined that each stu­
dent should have a regular turn, one 
microcomputer per class of 30 would 
allow each child to have a session 
every three days. Whatever plan the 
teacher chooses. by allowing the mi­
crocomputer to do what it does best, 
it is freeing the teacher to do what 
he or she does best in innovative, 
creative, and experimental teaching. 
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Heuristic Problem Solving and the 
Microcomputer 

by 

Pat Hyde 

Teacher 
University Elementary School, Calgary 

The microcomputer is an exciting new educational tool with which mathemat­
ics and heuristic problem solving can be taught. Programming should not be 
taught for its own sake. Rather, it should be taught as required to enhance 
students' problem-solving skills. 

I have been making a collection of problems suitable for Grades 4, 5, and 6 
which can be solved using the microcomputer. Each problem consists of a number 
pattern which must be understood before a program can be written. 

The teaching lessons developed to accompany each problem are based on 
Polya's problem-solving steps: 

1) Understand the problem 

Some of the strategies which may be appropriate include: 

- making a table 
- conducting an experiment 
- making an organized list 
- separating the parts 
- recognizing the pattern 
- thinking of a simpler problem 

2) Make a plan 

This is the first step at which we consider using the microcomputer 
to continue the number pattern we have discovered. 
Make a flowchart and /or plan the output you expect to see on the 
screen or printer. 

3) Carry out the plan 
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Translate your plan into a computer program and run it. Only a few 
commands in BASIC are required to write programs for any of the 
problems since programming is not the main objective. Most require 



knowledge of variables, PRINT, IF THEN, FOR ••• NEXT. Some require 
INPUT and GOSUB. 

-

4) Looking back 

Can you improve your program? 
What did you learn by solving this problem? 
Could you have solved it differently? 
Can you extend the problem? 

The students have used Polya's four steps to organize their write-ups too. 

Some of the problems in the set follow. 

1) Write a program that will continue this number pattern: 

3, 9, 27, 81, 243, • • •  

2) How many telephone numbers can there be that start with the same first three 
digits as yours? 
Write a computer program to do the work for you. 

3) If you start saving money with one cent on the first day, two cents on the 
second day, four cents on the third day, eight cents on the fourth day, and 
so on for 30 days, how much money will you have saved? 

4) If each of four people shakes hands once with each of the other three, how 
many handshakes will there be? How many if there are five people? Write a 
progr,:tm that will ask the user how many people there are and tell him how 
many handshakes there will be. 

5) How long would it take to spread a rumor in a town of 80,000 people if each 
person who hears the rumor tells it to three new people within 15 minutes': 

6) Write a program that will continue this number pattern: 

1 X 8 + 1 = XXX 

12 X 8 + 2 = XXX 

123 X 8 + 3 = XXX 

123456789 X 8 + 9 = XXX 

Your program should let the user predict some numbers in the pattern. The 
computer should check the answer and give the user an appropriate message. 

7) In the song "The Twelve Days of Christmas," gifts are given to the singer in 
a definite pattern. Write a program to figure out how many gifts there were 
altogether. 
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Mathematics, Education, PLATO, and 
Some Thoughts On the Future 

by 
Michael Szabo 

Manager of Instructional Systems and PLATO Services 
University of Alberta 

Overview 

This brief article will review 
some of the mathematics materials 
currently available on the PLATO* 
srstem. In addition, some general 
issues related to mathematics educa­
tion and computer-based instruction 
(CBI) will be addressed to provide 
thought-provoking ideas for future 
consideration. The article will be­
gin with several of the author's bi­
ases, proceed with a discussion of 
PLATO CBI, move to math lessons on 
PLATO, and conclude with some 
though ts on the future. 

Author's Biases 
Bias #1 

Educators have not begun to 
scratch the capabilities of CBI tech­
nology in the learning environment. 
There is far more technological power 
than has been applied pedagogically. 
The two primary reasons are that CBI 
is poorly understood, and developing 
challenging lessons of quality places 
heavy time demands on classroom 
teachers. 
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Bias #2 

, Computers in schools will not 
'simply be another technological 1 "flash in the pan"; instead, they 
will eventually revolutionize the ed­
ucation process. The reason is that 
of all the instructional technology 
to be developed, the computer stands 
alone in the capability to interact 
with the learner on an individualized 

'-- �--basi--s-;--All other media transmit--i.n-
£ormation to a group while the com­
puter is capable of interacting with 
an individual. Student learning is 
significantly increased by emphasiz­
ing processing over reception 
learning. 

Bias #3 

The coming of CBI will be a rev­
olution rather than an evolution. 
Educational innovation takes 50 years 
to become used on a widespread basis; 

\�igh technology takes 20 years. 
\Since CBI is a blend of educational 
and high technology, one can expect 
full acceptance between 20 and 50 

* PLATO® is a registered trademark 
of Control Data Canada, Ltd. 
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years after discovery. It is signi­
ficant that PLATO is approximately 20 
years old at this writing. 

PLATO 

When evaluating any CBI project, 
one must consider these five factors: 
personnel, software, course ware (in­
struction to be delivered), hard ware, 
and telecommunications. The PLATO 
system is the only major CBI system 
with these features that was designed 
specifically to be used in the in­
structional process. As an example, 
the PLATO terminal is human engi­
neered for high-quality instruction. 
It includes such features as high­
resolution interactive graphics, 
touch panel, special function keys 
(for example, the HELP key), and 
built-in intelligent microprocessors. 

The University of Alberta pur­
chased and has operated a PLATO sys­
tem since autumn, 1980. It is used 
to deliver and prepare CBI for the 
university and educational institu­
tions across the province. A major 
reason for the selection of PLATO is 
its superb software facility that 
supports the development of course­
ware. Fifteen projects to develop 
university courseware are currently 
under way. 

The university PLATO system is 
one of five university-based instal­
lations in North America. Together, 
they serve over 250 colleges and 
universities. Many of these institu­
tions are actively engaged in course­
ware development across hundreds of 
subjects and all grade levels. Con­
trol Data is developing an extensive 
body of courseware which it markets 
to educational and training institu­
tions. Ma them a tics for junior high, 
senior high, and university level 
training enjoys special attention in 
the total courseware list. It is 
estimated that there are 20,000 hours 

of courseware available across all 
PLATO installations world wide. 
Courseware development of this magni­
tude represents a significant invest­
ment of human and machine capital, 
and will affect education and 
training. 

Mathematics on PLATO 

Due to the decentralized nature 
of the development of mathematics 
(and other courseware) lessons,· it is 
impossible to know the number of les­
son hours currently available. My 
estimate is 2, 000 hours = 5 00. 

In a completely nonrandom sample 
search, I signed on to one of the 
several of PLATO's on-line catalogs 
to request information on mathematics 
lessons. Figure 1 lists the lesson 
titles found on initial search. One 
can see the extent of material un­
covered by this highly limited 
search. 

Each entry is arranged in a 
tree-structure format such that typ­
ing in the number will ctisplay addi­
tional information about the lesson 
topics. For example, additional in­
formation on the topic "Mathematics, 
elementary, Academic Library" (Fig­
ure 1, entry no. 50) resulted in the 
extended listing found in Figure 2. 
After 20 lessons, I discontinued the 
search and requested more detailed 
information on the lesson "Decimal 
Darts" (Figure 2, entry no. 20). 
Figures 3a and 3b present detailed 
information on "Decimal parts" in­
cluding lesson information, intended 
audience, description, and goal. 
Finally, I signed on to the "Decimal 
Darts" lesson. A sample of the in­
teraction is shown in the sequence of 
Figures 4a - 4e. 

In Figure 4a, the PLATO program 
(actual screen display) presents a 
vertical number line with balloons. 
The student is to type in the decimal 
value of the location of each balloon 
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in the lower left-hand corner of t�e 
screen. In Figure 4b, I typed m 
".1111 and pressed the NEXT key. A 
dart moved across the screen and 
�;tuck at position 11.11 11 (see 
Figure 4c). 

At this point, I exercised the 
option of having PLATO shoot a dart 
(see text, lower right-hand, Fig­
ures 4a - 4c). The result was a dart 
which stuck at 11.103, 11 Figure 4d. 
Finally, a dart was shot at 11 .15, 11 

resulting in the bursting of a bal­
loon, Figure 4e. 

This practice assists a student 
in interpolating positions on a num­
ber line. Furthermore, the difficul­
ty of the problem can be varied under 
program and /or student control. When 
finished, the student receives a sum­
rnary of his or her performance with 
the option to continue practice. 

Some Thoughts on 
the Future 

Goals of Mathematics 

Two broad goals of teaching 
mathematics include the learning of 
mathematics per se and the learning 
of logic, an organized way of think­
ing about the world. Current mathe­
matics instruction, with its instruc­
tional strategies of tutorials, simu­
lation, review and drill, games, and 
ct iag nos tic/ pre scrip ti ve testing/ rec­
ord keeping has focused almost ex­
clusively on the former goal. Micro­
computers in education will certainly 
enable us to focus on the development 
of logical skills. Mindstorms by 
Seymour Papert reports on a major 
project to do the latter using com­
puters with young children. 

Three proposed benefits from 
Papert's work will be cited. First, 
the student will learn to debug pro­
grams. The significant point here is 
that errors and mistakes will not be 
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viewed as failures but rather as 
challenging problems to be solved. 
Second, students will come to use the 
power of recursive functions and in­
tegrate loops in their thinking about 
other forms of math-related opera­
tions. Third, learners will become 
more prone to do intuitive error 
checking to estimate the reasonable­
ness of their work. By contrast, the 
error checking that is driven by dis­
covering that one division problem in 
20 does not have an integer quotient 
is a false, human error check. 

Curriculum Goals 

Papert has argued that much of 
what is taught today is dictated by 
the limits of 1paper and pencil tech­
nology. Plotting of quadratic equa­
tions and long division are two ex­
amples. The imminent availability of 
cheap computing technology will elim­
inate the need to do these computa­
tions by hand. A pressing question 
for educators is what new curriculum 
components shouJd be added to replace 
these existing skills. This topic is 
expanded in the following section. 

Demise of Schools 

Papert and others (for example, 
Lewis, 1980) have predicted that the 
presence of computers in our society 
will enable us to modify the total 
learning environment of the student 
in such a way that schools as they 
currently exist 11• • • will have no 
place in the future 11 ( Pape rt, 1980, 
p. 9). Such predictions are extreme­
ly unclear as to whether schools will 
�imply wither away or whether they 
will evolve by transforming them­
selves into something new. 

I believe that economic argu­
ments, not a major factor in ed uca­
tion to date, will cause the above 
prediction to come to pass. Educa­
tion is becoming big business, com­
puter costs are rapidly dropping, and 



...... 

the labor-intensiveness of education 
is raising the costs to new heigh ts. 
Only the wealthiest of nations will 
be able to afford a labor-intensive 
system of education in the future. 

Summary 

A brief overview of mathematics 
lessons on PLATO and a look at the 
future have been presented. Whatever 
happens, it is clear that educators 

must become extremely active and 
knowledgeable to be able to tame this 
technology and direct it in ways that 
are good for society. Or, to put it 
the way a friend of mine does, "The 
view changes only for the lead dog." 
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Figure 1. Sample Titles of Mathematics Lessons From One PLATO 
On-Line Lesson Library. 

Subject Index 

1. Mathematical aspects. Calculation. Policies. Life ins. 

Mathematical logic 
see also 

2. Set theory 

3. Mathematical models 
Population. Growth 

Mathematical prograrrrning 
see also 

4. Linear prograrrrning 

Mathematics 
see also 

5. Algebra 

6. Arithmetic 

7. Calculators 

8. Calculus 

9. Combinations. Mathematics 

10. Boolean algebra 
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11. Set theory 

12. Sets. Mathematics. 
Distributive law 

13. Short term financing 

14. Signed numbers 

15. Addition 

16. Addition and multiplication 

17. Addition and subtraction 

1 8 . D i vi s i on 

1 9 . Mu 1 t i p 1 i cat ion 

20. Subtraction 

21. Signed numbers 

22. Simplification. Equations 

Mathematics see also 

23. Coordinates 

24. Dimensional analysis 

25. Equations 

26. Factors 

27. Fourier series 

28. Functions. Mathematics 

29. Geometry 

30. Graphs 

31. Matrices 

32. Numbers 

33. Numerical Analysis 

34. Numerical methods 

35. Permutations 



..._ 

36. Probability theory 

37. Ratios 

38. Statistical analysis 

39. Trigonometry 

40. Vectors. Mathematics 

41. Mathematics 

· 42. Arrays -- for elementary students 

43. Mathematics 

44. Sets. Distributive law 

45. �-for adult basic education 

46. --for chemistry 

47. --games 

48. MATHEMATICS, advanced. Academic Library · 

49. MATHEMATICS, advanced. Plato support library 

50. MATHEMATICS, elementary. Academic library· 

51. MATHEMATICS. Basic skills library 

52. MATHEMATICS. General Ed. Dev. Library 

Matrices 
see also 

53. Simultaneous equations 

54. Matrices. Fortran language. Program languages. Multiplication 

*** NEXT for more *** 
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Figure 2. Sample Lesson Titles From Mathematics, Elementary, 
Academic LiQrary. 

Subject List Index 

Subject: 
MATHEMATICS, elementary. Academic library 

1� Add and subtract with equivalence sets 
by Sharon Dugdale, David Kibbey, Helen Leung, 
Plato Mathematics Project 
FILENAME: Oslad2 LIBRARY TYPE: B1 

2. Adding fractions 
by Keith Bailey, Corrrnunity College Math Group 
FILENAME: Oaddfrac LIBRARY TYPE: B1 

3. Addition and subtraction 
by Sharon Dugdale, David Kibbey, Tom Layman, 
Plato Mathematics Project 
FILENAME: Otryad LIBRARY TYPE: B1 

4. Addition of signed numbers 
by Tamar Weaver, Corrrnunity College Math Group 
FILENAME: Osignadd LIBRARY TYPE: B1 

5. Addition practice, simplifying answers 
by Sharon Dugdale, David Kibbey, Barry Cohen, 
Plato Mathematics Project 
FILENAME: Opad1 LIBRARY TYPE: B1 

6. Addition with equivalence sets 
by Sharon Dugdale, David Kibbey, Helen Leung, 
Plato Mathematics Project 
FILENAME: Oslad LIBRARY TYPE: B1 

7. Areas and multiplication 
by Esther R. Steinberg, Saul Way 
FILENAME: Ozareas LIBRARY TYPE: B1 

*** NEXT for more *** 

Type a number for more information >> 

NEXT to move SHIFT-BACK to exit 
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Figure 2. (Cont'd) 

Subject List Index 

Subject: 
MATHEMATICS, elementary. Academic library 

8. ASK: a twenty question type of game for guessing a number 
by Esther R. Steinberg 
FILENAME: Oerswk LIBRARY TYPE: 81 

9. Beehive 
by Sharon Dugdale, David Kibbey, Helen Leung 
FILENAME: Obees LIBRARY TYPE: 81 

10. Boxes: equivalent fractions 
by Sharon Dugdale, David Kibbey, Marilyn Bereiter, 
Plato Mathematics Project 
FILENAME: Oreceqa LIBRARY TYPE: 81 

11 .. Boxes: equivalent fractions practice 
by Sharon Dugdale, David Kibbey, Marilyn Bereiter, 
FILENAME: Oreceqb LIBRARY TYPE: 81 

12. Boxes: how much is painted? 
by Sharon Dugdale, David Kibbey, Marilyn Bereiter, 
Plato Mathematics Project 
FILENAME: Orecask LIBRARY TYPE: 81 

13. Boxes: name equivalent fractions 
by Sharon Dugdale, David Kibbey, Marilyn Bereiter, 
Plato Mathematics Project 
FILENAME: Orecnams LIBRARY TYPE: 81 

14. Candy factory 
by Sharon Dugdale, David Kibbey, 
FILENAME: Ocandy LIBRARY TYPE: 81 

*** NEXT for more *** 

Type a number for more information >> 

NEXT to move SHIFT-BACK to exit 
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Figure 2. (Cont'd) 

Subject List Index 

Subject: 
MATHEMATICS, elementary. Academic library 

15. Candy warehouse: 
by Sharon Dugdale, David Kibbey, Tom Layman 
FILENAME: Ocandywh LIBRARY TYPE: 81 

16. Checkup: cut and paint 
by Sharon Dugdale, David Kibbey, Marilyn Bereiter, 
Plato Mathematics Project 
FILENAME: Orecchk LIBRARY TYPE: 81 

17. Checkup: pizza fractions 
by Sharon Dugdale, David Kibbey, Helen Leung, 
Plato Mathematics Project 
FILENAME: Opchk LIBRARY TYPE: 81 

18. Cut and paint & fraction notation 
by Sharon Dugdale, David Kibbey, Marilyn Bereiter, 
Plato Mathematics Project 
FILENAME: Oree LIBRARY TYPE: 81 

19. Darts 
by Sharon Dugdale, David Kibbey, Barry Cohen 
Plato Mathematics Project 
FILENAME: Odarts LIBRARY TYPE: 81 

20. Decimal darts 
by Sharon Dugdale, David Kibbey, Helen Leung, 
Plato Mathematics Project 
FILENAME: Oddarts LIBRARY TYPE: 81 

*** NEXT for more *** 

Type a number for more information >> 

NEXT to move SHIFT-BACK to exit 
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Figure 3a. Description of "Decimal Darts'' Lesson. 

Decimal Darts 

BY: Sharon Dugdale, David Kibbey, Helen Leung, 
Plato Mathematics Project 
University of Illinois 

COPYRIGHT DATE: 1977 
LIBRARY TYPE: Academic 

FILENAME: 0ddarts 

This learning activity is part of the fractions curriculum 
developed by the PLATO Mathematics Project at the University of 
Illinois. The exercise consists of a vertical number line with 
balloon illustrations placed at different locations. To burst the 
balloons, students must enter the decimal fraction that 
corresponds to the position of each balloon on the line. 

(a) Further Information (b) Authors 

Press the letter of the option you wish to select. 
>> 

LAB to try this item 
SHIFT-NEXT/SHIFT-BACK to move BACK to exit 
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Figure 3b. Expanded Description of "Decimal Darts" Lesson 

Further Information 

ESTIMATED LENGTH: 30-45 minutes 
100% CAI 

INTENDED AUDIENCE: Elementary math students 

DESCRIPTION: 

This learning activity is part of the fractions curriculum 
developed by the Plato Mathematics Project at the University of 
Illinois. The exercise consists of a vertical number line with 
balloons placed at different locations. The distance between the 
numbers on the vertical line and the size of the balloons 
determines the complexit y of the problem. To burst a balloon the 
student must be able to enter the decimal fraction corresponding 
to the position of the balloon on the line. Difficulty adjusts to 
the student's performance. Numbers are entered on a trial-and­
error basis and the balloons may be burst in any order until 
there are no balloons left on the line. The exercise may be 
carried out with or without negative numbers. 

GOAL: 

Give practice locating decimal numbers on the number line. 

Press NEXT to return to options 

BACK-go to previous page 
LAB to try this item 
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SHIFT-BACK go to options index 



Figure 4a, Screen Display for "Decimal Darts" Lesson. 
Student is to estimate location of balloons on a vertical number line. 

level 1 of 1.0· 

Shc,ot a dart 

at �"> 

.. 

• 1 

HELP for PLATO 

to shoot a. d,:trt 
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Figure 4b. 
The student estimates a balloon to be located at "0.11" by typing the number 

at the lower left-hand corner of the screen. 

";> 
• •.J 

l .-.· .. .-·.- 1 () f 1 .0' 

• 
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• .2 

• 1 

• er 

HELP for PLATO 

to shoot a dart 
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Figure 4c. PLATO Shoots a Dart at Position "O .11." 
The student receives feedback on his estimate to use in refining his next 
estimate. 

l eve 1 1 of 1.0· 

Shc,ot a dart 

at) 
HELF' for PLATlj 

-1: o .5 ho-,::, t. -:) d.:;. rt 
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Figure 4d. 
The student asks PLATO to shoot a dart by pressing the HELP key. 
PLATO'S dart. strikes at ".103." 

�;hoot a dart 

at) 
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• 3 

• 2 

.. 

3= 1 1 

3= • 1.03 

HELP for PLATO 

to shoot a. d.:;1r·t 



Figure 4e. 
The student chooses "0.15." The balloon at that position is burst by the 
dart, confirming the accuracy of the choice. The total seq ue nee will con­
tinue until all balloons are burst at which time the student can opt to have 
another set, change the difficulty, or proceed to a different lesson. 

• 3 

• 15 

1 1 

• 1.0·3 

HELP for PLATO 

to shoot a dart 

51 



Agenda for Action: Recommendations for 
School Mathematics of the 1980s 

National Council of Teachers of Mathematics 

Editor's Note - The Agenda for Action, published in April 1980, had eight 
recommendations. Recommendation three deals with the use of calculators and 
computers in the classroom of which the specific reference to computers is of 
interest here. 

Recommendation 3 

Mathematics programs must take full advantage of the power of calculators and 
computers at all grade levels. 

Beyond an acquaintance with the role of computers and calculators in soci­
ety, most students must obtain a working knowledge of how to use them including 
the ways in which one communicates with each and commands their services in 
problem solving. 

The availability of computing aids, including computers and calculators, 
requires a reexamination of the computational skills needed by every citizen. 
Some of these computational skills will no longer retain their same importance, 
whereas others will become more important. 

It is recognized that a significant portion of instruction in the early 
grades must be devoted to the direct acquisition of number concepts and skills 
without the use of calculators. However, when the burden of lengthy computa­
tions outweighs the educational contribution of the process, the calculator 
should become readily available. 

With the increasing availability of microcomputers at decreasing costs, it 
is imperative that schools play an active part in preparing students of the 
1980s to live in a world in which more and more functions are being performed by 
computers. 

Recommended Actions 

3.1 All students should have access to calculators and, increasingly, to com­
puters throughout their school mathematics program. 
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Schools should provide calculators and computers for use in elementary 
and secondary school classrooms. 

Schools should provide budgets sufficient for calculator and computer 
maintenance and replacement costs. 



3.2 The use of electronic tools such as calculators and computers should be 
integrated into the core mathematics curriculum. 

Calculators should be available for appropriate use in all mathematics 
classrooms, and instructional objectives should include the ability to de­
termine sensible and appropriate uses. 

Calculators and computers should be used in imaginative ways for explor­
ing, discovering, and developing mathematical concepts and not merely for 
checking computational values or for drill and practice. 

Teachers should ensure in their classroom management that the use of com­
puters by individual students in isolated activity does not replace the 
critical classroom interaction of students with peers and teachers. The 
healthy give-and-take of group work and discussion, which promotes values 
of communication, cooperation, empathy, mutual respect, and much of cogni­
tive development, remains essential. 

3.3 Curriculum materials that integrate and require the use of the calculator 
and computer in diverse and imaginative ways should be developed and made 
available. 

Schools should insist that materials truly take full ad vantage of the im­
mense and vastly diverse potential of the new media. In particular, devel­
opers of software should be cautioned that just to use conventional mater­
ial and techniques newly translated to the medium of the computer will not 
suffice. 

Educators should take care to choose software that fits the goals or ob­
jectives of the program and not twist the goals and developmental sequence 
to fit the technology and available software. 

3.4 A computer literacy course, familiarizing the student with the role and 
impact of the computer, should be a part of the general education of every 
student. 

In cooperation with schools and professional teacher organizations, fund­
ing agencies should support the development of courses in computer literacy 
for both junior and senior high school levels. 

3. 5 All mathematics teachers should acquire computer literacy either through 
preservice programs or through iriservice programs funded by school dis­

tricts in order to deal with the impact of computers on their own lives and 
to keep pace with the inevitable sophistication their students will 
achieve. 

Colleges should provide courses for both preservice and inservice educa­
tion in computer literacy, programming, and instructional uses of calculat­
ors and computers. 

Professional organizations should provide information through their vari­
ous media, conferences, workshops, and seminars to aid in the inservice ed­
ucation of teachers in uses of the calculator and computer. 
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3.6 Secondary school computer courses should be designed to provide the neces­
sary background for advanced work in computer science. 

Curriculum design should provide the required foundation for those stu­
dents who will be involved in careers that increasingly demand advanced 
computing skills and applications of computing and for those students who 
will go on to deeper study in frontier fields of computer development. 

3.7 School administrators and teachers should initiate interaction with the 
home to achieve maximum benefit to the student from the coordinated home 
and school use of computers and calculators. 

Criteria should be developed to assist parents and school personnel in 
their selection of home/school computing hardware. 

Professional organizations of teachers, mathematicians, and computer sci­
entists should develop guidelines to aid schools, teachers, and parents in 
the selection of educational software. 

The uses of technological devices such as calculators, computers, video 
disks, and electronic games in the home and other out-of-school places 
should be anticipated. Programs should be planned that will encourage the 
positive and educationally beneficial use of these devices. 

As home computers come into wider use, homework should be assigned that 
can take ad vantage of their potential in problem solving. 

3.8 Educational users of electronic technology should demand a dual responsi­
bility from manufacturers: the development of good software to promote the 
problem-solving abilities of the student and, eventually, the standardiza­
tion and compatibility of hardware. 

3.9 Provisions should be made by educational institutions and agencies to help 
in the necessary task of educating society's adults in computer literacy 
and programming. 

3.10 Teachers of other school subjects in which mathematics is applied should 
make appropriate use of calculators and computers in their instructional 
programs. 

3.11 Teacher education programs for all levels of mathematics should include 
computer literacy, experience with computer programming, and the study of 
ways to make the most effective use of computers and calculators in 
instruction. 

3.12 Certification standards should include preparation in computer literacy and 
the instructional uses of calculators and computers. 
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The Microcomput�r 
ifil Western Canada 



Microcomputers in Alberta Schools 

by 

Milton Petruk 

Professor 
University of Alberta 

The study I completed for Alberta Education was conducted to provide a sta­
tus report describing the nature and extent to which microcomputers have been 
introduced into Alberta schools. Data for the study were collected by mail sur­
vey of every school in Alberta. 

The results showed that nearly 12 percent of Alberta schools now have one 
or more microcomputers. The majority of the units are Commodore PETs (45 per­
cent.2_,_ �PPLE I-I-s-(-31 percent), and Radio Sh;wk TRS-80s (19. percent).· They ap­
pear to be uniformly distributed across all grade levels. The most frequently 
reported uses of the microcomputer involve the teachiQg of computer literacy and 
computer-assisted instruction. The majority of microcomputer users in the 

'scho6ls expressed the need for additional equipment, software, and training. 

While a relatively small number of schools reported that they had no inter­
est in introducing microcomputers into their schools, the majority of schools 
that do not now have a microcomputer are anticipating getting one or more in the 
future. However, a large proportion of this group felt that they did not know 
enough about microcomputers to anticipate what their needs might be. The re- /, 
rnainder tended to report a strong need for information about both equipment and;/ 
programs as well as a strong need for additional training. Many felt the need 
for leadership, direction, and funding from the Alberta Department of 
Education. 
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Microcomputers in British Columbia 
Schools 

by 
W. Tennant 

JEM Projects 

In the spring of 1979, under the direction of the Ministry of Education, 
Science and Technology's JEM (Joint Educational Management) Projects group, an 
analysis of the trends in computer-aided learning was commissioned. This inves­
tigatory work was conducted by Dr. Mary Westrom at the University of British 
Columbia and Mr. Bill Goddard. Since that time, extensive dialogue and acceler­
ated analysis have taken place related specifically to the use of the microcom­
puter as an instructional aid. This work is still going on, while at the same 
time activity in individual schools is increasing rapidly. There are now sever­
al schools with microcomputers installed and being used either actively or ex­
perimentally in a classroom setting and more than a dozen machines on order. 
This will escalate rapidly as experience is gained. 

In order for the decisions regarding purchase of such equipment to be made 
in a knowledgeable manner, the following material is presented as an aid to de­
c1s1on making. It is based largely on the experience of the State of Minnesota 
which has been exploring this subject for some time and is quite advanced com­
pared to British Columbia in the coordinated use of microcomputers. It is based 
also upon the recommendations of British Columbia teachers active in microcom­
puter use in the classroom and upon the ideas of members of the British Columbia 
Computers in Education Committee (BCCEC) who are active in this field. 

The Current Situation 

Our present situation in British Columbia is similar to that in other prov­
inces and states. That is, 
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1) Educator interest in microcomputers is very high: 
2) Educator expectations of the role and potential of the microcomputer 

probably exceed the current capability of the machines; 
3) The costs of equipment varies greatly; 
4) Both the quantity and quality of educational courseware remains low at 

present; 
5) Audiovisually enhanced (sound and color-graphics) equipment is providing 

the most innovative thrust; 



6) Lower hard ware costs have been eroded by a tendency to purchase more 
peripheral devices; 

7) While initial sales and installations are impressive when contrasted 
with the past four to five years, educational use will follow industry 
leading to greatly accelerated use in the next two years; 

8) Software (courseware) development will not keep pace with the use of the 
hardware for some time. Much current innovative work will be isolated, 
not of commercial value, and not readily transferable between machines; 
and 

9) Of the currently available courseware, some is outstanding as a tool to 
augment instruction. 

Uses 

The uses which currently look the most promising are the following: 

1) The computer can be used as an audiovisual device. In this mode, the 
teacher uses the device much as an overhead projector; one device is 
used for a class, perhaps driving several color TV monitors. The teach­
er uses a black and white monitor and guides the courseware via con­
sole as the session progresses. The course ware may be for direct teach­
ing (for example, algebra or music), for a drill and practice style, or 
for a simulation. 

?,) The computer will be used on an individually paced basis, usually by one 
student at a time, for remedial drill or practice while the rest of the 
class is participating in traditional instruction. 

3) The computer will be used on an individually paced basis, usually by one 
student at a time, for enriched study while the. rest of the class is 
participating in traditional instruction. 

4) The computer is used as a terminal to access other centrally located 
programs such as student career guidance information on an individual 
basis. 

5) The computer is used for school administrative processes such as student 
records or miscellaneous non-direct-instructional (administrative) 
applications. 

6) The computer is used to teach computer literacy and computer science. 

Of these, the first approach currently shows by far the greatest return in terms 
of value to the learning process in the short term. 

Support 

At present in British Columbia, there is no formal field support for micro­
computers. There is a need for: instructional coordination and training; cur­
riculum integration; courseware development, testing, and purchasing; user work­
shops; course ware exchange services; hard ware purchase and service; central 
question-answering; and advanced applications research. These areas are under 
investigation, but it is recognized that it will not be practical to provide 
this support for several vari�ties of equipment. 

In selecting high-quality software, you should examine: if courseware pack­
ages include teacher/learner support materials (for example, guides, resource 
books, and worksheets); if software uses the full capabilities of your computer; 
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if courseware units stand alone as comprehensive lessons or units which can meet 
differing needs of teachers and students; if presentation is attractive and pro­
fessional; and what number of applications can be expected to be developed for 
your hard ware •. 

This is expected to improve rapidly with the volume of use over the next 
two years. The sophistication of the courseware will increase rapidly, as well. 
Some current models (for example, MECC's music software) are close to spectac­
ular. and still improving. The value of some of this courseware in the ind uc­
tive process has not yet been comprehensively assessed. but early informal re­
views are extremely encouraging. 

New advances in hardware and software are expected to provide voice input 
and output, and integration with video cassette or video disk material. 
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Computers in Saskatchewan 

by 

George Odegard 

Head of Small Computer Division 
Saskatchewan Computer Utility Corporation 

Despite several efforts which originated in the middle 1960s, computers did 
not make any widespread impact on the instructional mosaic of the province until 
the advent of locally available independent microcomputer configurations in 
1978. These reliable and reasonably powerful devices provided the opportunity 
for rapid expansion and development of existing programs well as the opening of 
untried areas. 

A case in point is the experience of the Saskatoon Board of Education. The 
elementary section (a K-8 structure with approximately 15,000 students) started 
a program of instruction about the computer to a small group of students in 
1968. Limited access was obtained to a minicomputer situated at the University 
of Saskatchewan. Staff inservice was organized, and by 1975, students partici­
pated at the Grades 7 and 8 level in 12 schools. During this time the curricu­
lum was formalized, and there was a willingness and a readiness to expand the 
program. However, it was impossible to expand further without the development 
of an instructional computing centre with its high initial costs and significant 
ongoing expenses, because computing resources outside the school system were, 
and are, almost fully utilized. Through a cost-sharing plan between the local 
school and .the Superintendent's Department, individual schools started to pur­
chase microcomputers in 1978, and other schools were given access to microcom­
puters on a rotational basis. By the end of the 1980-81 school year, three 
quarters of the 45 schools in the section owned an APPLE II microcomputer 
equipped with 48k RAM, a disk drive, and a color TV with many schools owning a 
printer and a locally designed APPLE Cart. All graduates of Grade 8 in 1981 had 
completed a 35 hour computer literacy course. (Outlines for this and other com­
puter courses follow this article.) 

Developments in the secondary section of the Saskatoon Board of Education 
paralleled those in the elementary section. By the end of the 1980-81 school 
year, all of the seven secondary schools had a computer laboratory and offered a 
100-hour course in computer science. Four of these schools will pilot a second 
100-hour course in 1981-82 (see course outline). 

At the provincial level, in the spring of 1979, Sask Comp (the provincial 
computer utility) organized a meeting of interested educators to discuss pos­
sible directions. Based on that meeting an ad hoc committee was formed, charged 
with the responsibility of investigating the area of action proposals. This 
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group called a meeting of interested educators in January 1980 and the Sas­
katchewan Association for Computers in Education (SACE) was formed. Based on 
the recommendations of the ad hoc committee, SACE produced the SACE Bulletin, 

formed various subcommittees to continue investigations, and sponsored a suc­
cessful "fall conference in October 1980. At time of writing, the next SACE con­
ference is scheduled for October 16 /17, 1981 at Saskatoon. 

The Saskatchewan Department of Education has been following these develop­
ments closely and has implemented plans to form curriculum committees to inves­
tigate curricula in the areas of computer science, computer literacy, and busi­
ness education. 

The universities in Saskatoon and Regina are developing courses in comput­
ers in education. The Saskatchewan Teachers' Federation (STF), in combination 
with SaskComp, is sponsoring a number of special workshops for teachers. Ten 
such short courses were offered in August 1981. 

In conclusion, educators in Saskatchewan are responding vigorously to the 
challenge of computers. Computer science, computer literacy, and computers as a 
component of business education and electronic technology are instructional op­
portunities available to students in an ever-growing number of centres. Appli­
cations such as computer managed/assisted instruction, teacher/administration 
tasks, guidance, and correspondence-school uses are just beginning. 

Course Outline: Computer Literacy 
Saskatoon Board of Education. 

General Information 

· (a) The name of the course is "Computer Literacy." 

(b) Students enrolled in regular Division III classrooms should take Com­
puter Literacy in Grade 7, Grade 8, or in a combination of the two 
grade levels. 

(c) A total of 35 hours of class time is required to adequately present 
the course. 

(d) The Computer Literacy program will follow the guidelines as set out by 
the Superintendent of Schools, Elementary. 

(e) The principal wilJ have the resp�nsibility for approval of all uses of 
the computer in his school, in accordance with the guidelines set out 
by the Superintendent of Schools, Elementary. If uses outside the 
scope of the Computer Literacy course are considered, the principal 
will provide the Superintendent of Schools with the details, in writ­
ing, of the proposed usage. 

Resource Materials 
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There are a variety of resource materials available. 
books are recommended: 

The following 



(a) Core 

Computer Literacy, Kindrachuk, McKenzie, Frazer-Harrison, and 
Shih. 

- available through the Textbook Centre 
- this is an approved resource book for the teacher dealing spe-
cifically with flowcharting and programming in BASIC. 

ii) Computer Literacy (Worknotes), Kindrachuk, McKenzie. 

- this is approved student material complementing the Comput­
er Literacy text. 

(b) Supplementary 

i) BASIC and the Personal Computer (Addison-Wesley) 

- this book provides more information on the BASIC language than 
required by students taking Computer Literacy, but it is a useful 
reference book for the BASIC used on microcomputers. 

ii).Computers and Society (SRA) 

- this provides a wealth of information, · and discussion is pro -
vided on the impact of computers on society. 

- it is a college-level book. 

Course Content 

(a) Introduction to computing and microcomputers (10 hours) 

- history 
- present applications (for example, credit-card billing, elec-

tronic games, etc. 
- applications which cannot be done 
- costs 
- components 

future applications 
- social impact 

(b) Flowcharting (10 hours) 

- a logical approach to problem solving 
- symbols 
- sequencing 
- looping 
- debugging 
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(c) Programming in BASIC (15 hours) 

- operators and order of operations 
- statements 

LET 
PRINT 
GOTO 
IF ••• THEN 
READ... DATA ••• 
FOR • • • -----,,N"="'E X T ••• 
INPUT 
STRINGS 

- functions 

INTEGER ( INT) 
RANDOM (RND) 
SQUARE ROOT 

-commands 

LIST 
NEW 

RUN 
SAVE 
LOAD 

} Optional - as required 

- additional commands depending on hardware requirements. 

Course Outline - Computer Science 10 and 20 
Saskatoon Board of Education 

General Statement 

of Philosophy 

Division IV computer science courses are intended to build on the skills, 
understanding, and attitud�s developed in the Grade 7 and /or 8 computer literacy 
course. 
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The aims of Computer Science shall be: 

1) to further provide the student with a realistic concept of the power, 
usefulness, and limitations of the computer; 

2) to provide the student with an increased ability to use computers as 
tools for problem solving and information processing in a variety of 
ch-cum stances; 



3) to provide the student with more information about the effect of com­
puters on society; 

4) to provide the student with increased understanding of the historical 
development of computers, their makeup and operation; 

5) to provide the student with a better context from which to consider 
possible future directions in the use of computing tools; 

6) to provide the student with opportunities to work with a structured 
approach to problem solving using a high-level language (or 
languages). 

The emphasis and order of these aims will vary in each course offering. 

Computer Science 10 
Prerequisite: Grade 9 Algebra 

Topics and Percentage Time Allotments 

1. Development and functioning of computer devices (12%) 

- history 
- computer architecture 

- computer hardware 
- components 
- computer systems 

- languages 
- machine 
- assembler 
- high level 

- "hands-on" experiences 
- care and use of equipment 

2. Applications (32%) 

Use of previously prepared software 

- word processing /text editing 
- transaction-oriented processing 

e.g.- accounting packages 
- statistics packages 
- phone lists 

- utility software 
e.g. - sort/ search routines 

- "File Cabinet" 
- "VisiCalc" 

- simulations, tutorials, drill and practice (i.e. CAI) 
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3. 

4. 

5. 

6. 

Societal effects: present and future 

technological breakthroughs 
e.g. - space exploration 

- bionic medicine 
- computer services 

e.g. - banking services 
- information retrieval 

- societal problems 
e.g.- privacy and individuality 

- computer crime 
- job opportunities/further training 
- employment directions 

Problem solving 

- solution strategies with a structured approach 

Programming 

- programming sequence 
- commands 
- syntax 
- documentation 
- debugging 
- hand-written trace 

- programming style 
- top-down design 
- paragraphing /indenting /white space 
- meaningful variable names 
- built-in debugging 
- documentation (programmer's remarks) 

- competencies 
- editing 
- variable manipulation/type 
- input/output commands 
- branching conditional/unconditional 
- computer-defined functions (INT, RND, SQR) 
- loops 
- screen graphics 
- elementary DOS manipulations 
- elementary string operations 
- lists (optional) 

Consumer evaluation 

( 10%) 

(*) 

(*) 

(6%) 

- exploration of guidelines for the evaluation of products (hardware and/ 
or software) and services 

* These components will be developed throughout the course; that is, not in 
single time-blocks. Their sequence will be repeated in a spiral approach and 
take up approximately 40 percent of class time. 
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Computer Science 20 
Prerequisite: Algebra 10, Computer Science 10 

Topics and Percentage Time Allotments 

1. 

2. 

3. 

Problem solving (*) 

- review and extension of problem-solving techniques 
- familiarity with flowcharting and algorithmic approaches with expertise 

in one of these areas 

Programming (*) 

- review of the skills from the programming section of Computer 
Science 10 as required (a change of language will necessitate a more 
thorough discussion) 

- programming style 
- flagging 

- additional competencies 
- arrays 
- searches and sorts 

- sorts to include selection and bubble 
- advanced screen graphics 
- direct memory access 

e.g.- CALLS, PEEKS 
- functions 

- built-in 
- user-defined 

- subroutines 
- subprograms 

- library of user-developed subprograms 
- DOS 

- file manipulation 
- file efficiency 
- multiple-drive applications 

- printer graphics (optional) 

Applications 

- further use of utility programs 
e.g. - VisiCalc 

- evaluation of similar programs 
- specialized 
- utility 

( 10%) 

* These components will be developed throughout the course; that is, not in 
single time blocks. Their sequence will be repeated in a spiral approach and 
take approximately 85 percent of class time. 
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4. 

5. 

66 

Assignments (*) 

- regular assignments to enhance programming and problem-solving skills 
- major project 

- development of a complete solution to a problem including oral 
report 

- continued monitoring of progress and clearly defined timelines 
are suggested 

Societal effects: present and future (5%) 

- includes job and educational opportunities 



Use of Microcomputers Growing in 
Edmonton Public Schools 

by 

Peter Wright 

Computer Consultant 
Edmonton Public Schools 

This article is reprinted from the Edmonton Public Schools Staff Bulletin, Vol. XII, 
No. 33 ( May 4, 1981). 

As we approach the 21st century, 
the computer's ubiquitous presence is 
increasingly pervasive. From the 
megabyte computers in Ottawa, which 
chart our life's progress from cradle 
to grave, to the hand-held calculator 
we use to check the cost of our groc­
eries, computers will increasingly 
dominate all aspects of our lives. 

Edmonton Public Schools have 
been responding to the ever-growing 
presence of computers. Recognizing 
that it is important to provide stu­
dents with at least a beginning level 
of computer literacy, the Edmonton 
Public Sehool Board initiated a pilot 
project involving the use of 
microcomputers. 

The pilot project proceeded at 
three schools - Coronation Elementary 
School, Stratford Junior High School, 
and M.E. LaZerte Composite High 
School. At the elementary level, the 
project was designed to have students 
become familiar with the physical op­
eration of a microcomputer, to assess 
the impact of computers on achieve­
ment, to investigate the feasibility 
and impact of computer - managed in-

struction, and to use the computer to 
aid the teaching process. 

At the junior high school level, 
the project was designed so that stu­
dents will understand what computers 
are, how they work and how they are 
classified, know the historical de­
velopment of computers, gain aware­
ness of current and future uses of 
computers, and appreciate the dynamic 
nature of the interaction process 
with computers. Students at this 
level also learn how to apply the 
method of flowcharting toward the 
logical solutions of problems, ac­
quire a basic understanding of the 
language of programming, and tran­
scribe a flowchart into a functional 
computer program. 

At the senior high school level, 
the project encouraged teachers to 
investigate the diversity of applica­
tions of microcomputers, to enhance 
the teaching-learning process through 
dynamic computer-aided learning, to 
provide instruction in BASIC ( the 
nearly universal language of micro­
computers), to provide instruction in 
a second interactive language of pro­
gramming (PASCAL), and to teach the 
use of computer graphics. 
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The project is currently being 
evaluated, and provisional examina­
tions indicate that it has been very 
successful. In . the project schools, 
both staff and student interest is 
high. The use of microcomputers in 
Edmonton Public Schools is growing at 
a tremendous rate. In September 1980, 
19 microcomputers were in use. In 
March 1981, the number had grown to 
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43, and by September 1981, projec­
tions show that 131 microcomputers 
will be in use in a variety of 
situations. 

In this rapidly expanding area, 
Edmonton Public Schools leads the way 
in providing students with access to 
microcomputers. We are busy prepar­
ing our students today for the excit­
ing world of tomorrow. 



Computing in Calgary Public Schools 

by 

Scott Brown 

Senior Systems Analyst 
Calgary Board of Education 

Have you heard the one about the 
car salesman who sold a car to a 
caveman? He sold him a sports car. 
He was able to persuade the caveman 
that a sports car was a real neces­
sity. He supplied, along with the 
car. a litre of gas and half a kilo­
metre of good high way. The caveman 
really liked his car, he showed it to 
his friends, and he raced up and down 
the road. The salesman took a movie 
of the action and used the film to 
try to sell cars to other cavemen. 

In the preceding story: for 
"caveman" read "educator"; for "car" 
read "microcomputer"; for "highway" 
read "courseware for the microcomput­
er"; and for "gas" read "software." 

As far as Calgary Public Schools 
are concerned, in October 1981, we 
have some lovely little cars, one or 
two stretches of reasonable high way, 
but a real shortage of gas. We hear 
that efforts are being made to in­
crease the roads, but the development 
is slow. As for the gas supply. it 
looks as if there is only a cup or 
two for each of us. 

The cars we have are being guid­
ed by some very dedicated teachers in 
the city here. Several schools have 
access to mainframe computers for 
various programs. These schools make 
the link by public telephone. either 

to the Calgary Board of Education. 
the Southern Alberta Institute of 
Technology, or the University of Cal­
gary. Projects at present include an 
extensive reading program at the ele­
mentary level, several programs to 
teach computer programming, some 
computer-assisted instruction pro­
grams, and one computer-managed 
learning program, 

As well as these mainframe ap­
plications. there are microcomputer 
projects which. like Topsy, have 
"just growed," Some very hard-
working people are leading in 
microcomputer applications. There 
are projects proceeding in elementary 
schools to familiarize students and 
staffs with the use of the computer. 
The same thing is happening in junior 
high schools with programs in the ar­
eas of options, mathematics, and in­
d us trial arts. Micros are also being 
used as problem-solving tools. Sev­
eral high schools are currently being 
equipped with micros to be used in 
the computing science, data and word­
processing programs, and some busi­
ness education programs. There is a 
project under way to catalog and eval­
uate courseware. Some teachers are 
writing their own courseware. When 
you consider that it requires between 
70 and 100 hours to produce one hour 
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of good course ware, and that some of 
the authors are fullHime classroom 
teachers, you can see how this task 
could become h.orrendous. 

What we need for these nice 
little cars is a whole system of 
roads. We also need a lot more gas 
of a high quality, easily obtainable, 
and adapted to the Alberta (curricu­
lum) climate. The infrastructure to 
support these projects needs to be in 
place to ensure the continued growth 
and expansion of the technological 
advances. 

We cannot avoid the advance of 
computer technology into classrooms 
and the impact, unlike that of the 
calculator, will be felt in all areas 
of school curricula. To be able to 
judge the possible impact and the ap­
plicability of new technologies we, 
as teachers, need to familiarize our-

C 
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selves with products such as micro­
computers. 

As educators: 

1) we need to learn how to 
drive, and as we learn we should make 
certain we have lots of roads and 
lots of gas. We should know where we 
want to go, andwe sho11ld then go out 
and buy the right car to get there. 

2) we must make sure that we are 
in a position to evaluate these tech­
nological advances and to implement 
those parts we feel will benefit our 
students. 

3) we cannot ignore what is hap­
pening! 

4) we should get ready to drive 
cautiously! 

\./ 



Instructional Use of Microcomputers in 
Red Deer Schools 

by 

R. W. Paw/oft 

Coordinator of Instruction 

Red Deer Public School District #104 

With substantial financial assistance from the local "Alberta 75th Anniver­
sary" committee, the Red Deer Public School District's microcomputer projects 
now involve 36 APPLEs, seven PETs, four TRS-80s, and associated peripherals. 

From the outset, the purchase of hardware, software, courseware, the main­
tenance of hard ware, and the planning for inservice sessions as well as subse­
quent support for teachers have been centrally coordinated. Due to the initial­
ly low level of expertise with computers and a lack of knowledge regarding in­
structional computing, both locally and provincially, the Red Deer Public School 
system decided to become an institutional member of the Minnesota Educational 
Computing Consortium, a decision which has not been regretted. 

All of the Red Deer micros are totally devoted to instructional computing. 
The new DEC 2020 is designed to meet the school system's administrative needs 
although Computing Science 30 students will have some access to the mainframe 
beginning September 1982. 

The following is a brief indication of the distribution and the instruc­
tional use of the Red Deer microcomputers. 

Elementary Schools 

Two APPLEs, (48k, dual disk drives, printer) mounted on mobile carts, are 
used to support regular instruction in mathematics. One of these two APPLEs is 
also used with resource room students to remediate student weaknesses in mathe­
matics and language arts. A third APPLE system is used exclusively with special 
education students. 

Junior High Schools 

Effective this fall, each school has four APPLEs available for the duration 
of the school year. The primary purpose is to teach a system-wide computer lit­

eracy course to all students in the Grade 8 and 9 mathematics classes and to 
meet some of the "NCTM Recommendations for the 1980s." All junior high teachers 
will also have access to a sophisticated "Class Records" program. This program 
was written by a local teacher and is designed to manage class lists, student 
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biographical data, attendance, and marks. The four TRS-80s are used by one jun­
ior· high school for remedial math and language arts. 

Senior High Schools 

A total of 11 APPLEs and seven PETs are located in the system's only high 
school. Last year, a microcomputer lab was established containing ten APPLES 
and five PETs in order to teach Computing Science 30, Data Processing 20, the 
"Challenge Program" for gifted Grade 4 and 5 students, and in order to support 
instruction in mathematics and science (although currently on a limited basis). 
This facility is also heavily used for after-school teacher inservice, a 
microcomputer course sponsored by the University of Alberta, and evening 
courses for the public. The remaining two PETs are currently used for word pro­
cessing by the business-education department. 

For the 1981-82 school year, the intent is basically to continue working in 
areas described above in order to gain badly needed experience in the instruc­
tional use of microcomputers. This experience, together with some leadership 
and direction from Alberta Education, is essential before considering expansion 
or redirection of the instructional use of microcomputers in Red Deer. 
classrooms. 
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Computer Education In Lethbridge 
School District #51 

by 

Hank Boer 

Math/Science Coordinator 
Lethbridge School District #51 

Computer education has been part 
of the Lethbridge education system 
for many years. The first computer 
facility used was the Hewlett-Packard 
2000 at the University of Leth bridge. 
Schools used a teletype terminal in­
terfaced with the University of Leth­
bridge computer via telephone lines. 
The computer was used for computer­
assisted instruction (elementary and 
junior high) and computer programming 
(junior high). The software was de­
veloped by Hewlett-Packard. 

In 1980, the school district 
converted to microcomputers. At 
present there are 18 APPLE microcom­
puters and one Northstar. The com­
puters are being used by students at 
all grade levels for computer­
assisted instruction, computer literacy, 
and computer programming. 

In the high school program, com­
puters are being used for computing 
Science 30. This course is being of­
fered at both of our high schools and 
has received a very favorable re­
sponse from students, teachers, and 
administrators. Computer-assisted 
instruction will be made avaj.lable in 
the coming year in mathematics and 
science. 

All the junior high schools of­
fer computer programming as an option 

to the regular program. As yet, 
computer-assisted instruction has not 
been introduced to the regular pro­
gram because of the lack of available 
hardware. 

At the elementary level, comput­
er literacy and computer-assisted in­
struction are emphasized. Three 
APPLE computers are moved between 
schools on a monthly basis. These 
machines are used for introducing 
teachers to computer education, and 
for developing computer literacy for 
teachers. Two APPLE computers at 
Fleetwood-Bawden School are used for 
computer-assisted instruction in ele­
mentary mathematics. The ECR Math 
Drill program, developed at the Uni­
versity of Alberta, is being used for 
students experiencing difficulty in 
mathematics. 

The primary objective, at all 
levels, is to make as many teachers 
computer literate as possible. As 
teacher computer literacy increases, 
the integration and expansion of com­
puter education into the regular pro­
gram will increase. In the near fu­
ture, teachers will be involved in 
the development of computer-literacy 
packages and computer-assisted in­
struction that is specific to the 
needs of the school district. 

73 



DATE DUE SLIP 

�UC vEP 1 5 '83 

�ocrt 
OCT 10 RETURN 

F. 255 

OA 11 A362 NO•B 1982 

ALBERTA TEACHERS A'SSOCIATION 
HATHEHATICS COUNCIL 

. HOMOGRAPH -.. 
395�5272 EDUC 

11111!11111111!11111111111111111111111111111111111111111111111111111. 
.. 0 0 0 0 2 6 3 8 7 8 ½ 5 .. 



Mathematics •• • 

Mono{i!raph. 

EDUC 



B27942 
.. JI� 0711-2521 

' 

• 

• 

... 

�PRINTED AT 
� BARNETT HOUSE 


	1 - 2 Front Matter
	3 Editor's Comments
	4 Part I: Impact of the Microcomputer
	5 - 11 Computers and Education: Opportunities for the 1980s
	12 - 14 The Impact of Technology On Public Education
	15 - 17 Implications of Computerized Education
	18 - 27 Microcomputer Report of the Minnesota Educational Computing Consortium
	28 - 29 JEM Research
	30 Part II: Applications of the Microcomputer
	31 - 33 Elementary Mathematics and the Computer
	34 - 35 Heuristic Problem Solving and the Microcomputer
	36 - 51 Mathematics, Education, PLATO, and Some Thoughts On the Future
	52 - 54 Agenda for Action: Recommendations for School Mathematics of the 1980s
	54 Part III: The Microcomputer in Western Canada
	55 Microcomputers in Alberta Schools
	56 - 58 Microcomputers in British Columbia Schools
	59 - 66 Computers in Saskatchewan
	67 - 68 Use of Microcomputers Growing in Edmonton Public Schools
	69 - 70 Computing in Calgary Public Schools
	71 - 72 Instructional Use of Microcomputers in Red Deer Schools
	73 Computer Education In Lethbridge School District #51



