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EXECUTIVE SUMMARY

COMPUTER LEARNING: THE POLICY IMBROGLIO

This study examines a major new area of computer useage: the application of the

computer as a learning tool. Computer learning (CL) industrial activity includes
the manufacture of both hardware and software, and will expand rapidly in the

next few years in education, training and consumer markets. The development of CL

however is impacted by government policies in numerous ways. This study maps the

policy environment for computer learning, so that the ways in which government now
. affects CL development can be better understood; and in order that new actions

can be taken to promote Canadian industrial advances in CL.

As part of a wave of computerisation occuring today, the use of computers for

learning is at a point of rapid growth. After years of slow gestation, CL is

becoming commercially feasible. Three markets are emerging: in educational

institutions; in industrial training; and in a consumer or retail market for micro-—
computers or smaller: handheld devices. The industrial implications of this

prospect of growth are twofold: will Canada be a largely passive market for

foreign products, or can Canadian industry attain gains in CL, in both domestic
and export markets?

This report discusses CL in three sections: Technology, Industry, and Policy.

It concludes with recommendations on strategies to advance CL. There are numerous

pointg of interface between government and computer learning, as government players

act either from the education/training perspective (to use or set policy for CL),

or from the industrial development perspective. In general, although Canada showed

instances of advanced development of CL in the past, the state of computer learning

i1s weak in Canada today. Weak support for CL becomes more significant now:.that_a time

of accelerated growth has arrived. Without supportive conditions for industry,

Canada will meet domestic needs through imports, while international markets unfold
with little benefit to Canadian firms.
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The report begins with two basic descriptive chapters. Chapter Two introduces
computer learning itself. It discusses the hardware associated with CL at present,

and explains the special software needed, such as authoring languages which are

used to- create actual learning applications themselves. This chapter also describes

various forms of CL, ranging from simple.drill and practice programs to sophisticated
artificially intelligent systems. Increasingly intelligent or knowledge-based
applications are the future of computer learning; in comparison, the use of CL

‘has been rudimentary to date.

Chapter Three is a description of the kinds of technology that can be used to deliver
CL content to users: microcomputers and videodiscs, which have '"standalone" or self-
contained capabilities; and a variety of forms of telecommunications as well.which’
can link units or distribute content.- While the standalone microcomputer is in the
public eye at the moment, the importance of telecommunications as a convenient means

of delivering content to users remains.

Chapters Four and Five deal with computer learning markets and industry. Chapter
Four discusses the three market areas for CL which are evolving at present: education,
at both elementary/secondary and post-secondary levels; industrial training, as it
is carried out by both government programs and industry itself; and a comsumer or
retail market for CL. The industrial training market is considered most opportune
within the CL industry today. Despite a proliferation of microcomputers in
schools, the school market is fraught with a number of problems that reduce its
attractiveness to Canadian industry. The consumer market is most speculative, and
may include informal learning and training, practical instruction, and "freeform'
conceptual learning for children that is also fun.

0
Much more information is needed to estimate market sizes for CL. For example,
there is little information available about training in industry as it is carried
out by traditional means.” A second major point about CL markets is that the
institutions of the past for education and training are changing téday. Post-
secondary institutions, for instance, are straining under new demands for part-
time and continuing education. Education and training is being used and acquired
by individuals for their own self-development--for interest, to improve work
skills, to shift occupations, and so on. Informal education and training,
outside of structured degree-granting programs, is on the increase. Such trendé
represent a new demand for flexibility in time and place of study that computer

learning could potentially meet.
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Chapter Five is a discussion of the CL industry at present. It introduces a -
number of major CL systems: PLATO, TICCIT, NATAL, CAN, LOGO and Smalltalk.

It also notes other centres of activity in computer learning, and discusses

the growing interest among publishers in producing CL software. To date, the

CL community has been a relatively small one; as commercial opportunity increases,
interest in CL can be ékpecté& to grow among hardware and software firms,

publishers, and others.

. A
Chapter Five also discusses the international context for CL. International trade
is especially important for Canada, with a small domestic market and extreme

permeability to foreign products which must be offset by exports.

The remainder of this report is devoted to policy concerns. Chapter Six identifies
" a set of critical problems in CL development which are encountered in planning
for its advancement: (1) the cost of content development; (2) problems in micro=
computer content supply; (3) incompatibilities; (4) r&d funding conditions;

(5) detrimental treatment of software as a product; (6) weak export market capa-
bility; (7) shortage of expertise. The first three subjects are functional prob-
lems which prohibit CL activities and which are immediately felt. These matters
have tended to attract policy attention in the pasﬁ° The remaining subjects, however,
are also of critical importance to CL industrial success and should be addressed

by policy to promote CL.

Chapter Seven identifies the main policy players whose actions influence CL and
describes their respective roles. From the viewpoint of education and training,
the principal actors are as follows: provincial ministries of education and
the Council of Ministers of Education, Canada; CEIC (Canada Employment and
Immigration Commission), which supports substantial amounts of training both
through programs which give funds to industry to train and which purchase

seats for trainees in institutions; and finally the federal gerrnment itself

with its internal training needs, in the military and public service,

From the viewpoint of industrial development, one finds: the federal department
of Industry, Trade and Commerce (now the Department of Regional and Industrial

Economic Expansion); Ontario's BILD industrial development program, which stands



¥

1

vii
Q

out as a provincial initiative with emphasis on the "high-tech" sector; and the
National Research Centre which has a long-standing interest in CL. The federal
Department of Communications had a branch dealing with educational technology

in the past, but this has since been dismantled,

The policy environment for computer learnming is complex, even if one comnsiders
only the major‘players involved. Not only are numerous parties involved from
both the viewpoint of user (in education/training) and industrial strategist,
but both federal and provincial levels of government are concermed. Split
jurisdictions complicate the policy setting for CL--in the case of manpower
training, for example, where a comnsiderable federal role exists despite

provincial jurisdiction over educationm.

Thus as interest in CL awakens, it is dispersed among numerous government players—-—

federal and provincial, users and industrial planmers:—and cooperation is difficult..

In general the support for computer learning has been weak despite CL's potential
from either the educatiomal or the industrial viewpoint. Only in Ontario have
procurement policies attempted to combine educationmal needs with industrial
advancement in CL. In training, government has not acted as a "catalyst user"

to support CL, as the military has in the U.S. R&d has been scarce, and CL fails
to fit the funding frameworks of either of the two federal councils which give
research grants to universities.. CL is almost invisible at the university level,

where expertise must be built if CL industries grow.

The weak support for CL reflects a number of factors: the relative newness

of commercial viability for CL, which in industrial development circles has
been overshadowed by higher-profile industries; a split federal/provincial
jurisdiction in education and trainiﬁg (which leads to a blind spot in funding
for educational techmology projects); and also a narrow understanding of major
changes which are now occuring in education and training. The need for a re-
modelling of training in Canada has become a policy issue in itself, and at
the same time the educational system is struggling to meet new demdnds for
both informal learning and informal training. In particular, new demands

for computer-related skills are exerting pressure on the old institutionms.

Yet there is no real vision of the changing needs in education and training, .

or the ways in which the computer as a learning tool can fit into this tramsition.
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There are three facets, then, to the matter of policy to advance CL:

i) a need for increased :attention to computer learning among
government players who undertake or set policy for education
and trainings .
ii) a need for increased attentionm to CL among industrial strategists;
ii1) a need for improved mechanisms for liaison.aﬁd*cooperation

in planning for CL.

Chapter Eight discusses various policy strategies which can be chosen to promote

computer learning. These can bewsbroadly grouped into three approaches:

i) Organize the Marketplace
=build up knowledge about computer learning
-organize content supply ‘
—organize the hardware market
ii) Give Financial Support
-provide catalyst use of CL
—fund ré&d -
=support exemplary projects
—-give subsidies: grants to nurture high-tech firms;

support for user markets

i1ii) Create Favourable Conditions for CL Business
~provide supportive financing and tax conditions
—-encourage the software industry

—~encourage r&d supported by industry

=-encourage expansion into export markets

Chapter Eight also discusses aress of emphasis in CL planning. Policies may
variously address hardware, software, educator support, learner awareness or
telecommunications in efforts to promote CL. The contention here is that
emphasis should be placed upon software, especially applications software, which
is lacking at present and which is the substance of CL. Software should no longer
be considered a lower priority than hardware manufacturing, which has dominated

industrial development attentiom.'




Chapter Nine summarizes the conclusions of this report and provides a list of_
recommendations. In the past, the provincial ministries of education have been
the main actors in CL policy, responding to pressures from teachers to organize
aspects of the use of microcomputers in schools. Their efforts have concentrated
on. organizing the marketplace, solving problems in marketplace conditions where

immediate problems are felt,through such solutions as clearinghouses.

A more forceful position is required. From both the educator and the industrial
viewpoint, it makes little sense to organize the marketplace for the distribution
of poor quality material, or (as is likely) for imported U.S. material balanced

by few Canadian-made products. Financial support is needed, for content developnent
and for exemplary projects. To date, only Ontario has supported content development

in a major way.

Financial support for domputer learning is also recommended in several other ways::
through catalyst use of CL, particularly by the Canada Employment and Immigrationm :
Commission, with its roles in manpower training; through r&d grants to universities;,
especially for long~term r&d; and through exemplary projects funded at federal

as well as provincial levels.

Industrial development programs which give grants to CL firms_will quickly evoke
responses from industry. Industrial development policies, hbwever;_should focus
also on the creation of favourable conditions for business generally. Rather
than attempt to select a few firms who benefit from a granting program, the task
is to form a favourable framework in which CL companies can operate. R&d should
be encouraged within industry (by tax policy, for example); the software industry
should receive favéurable treatment; and financing conditions are particularly
important in software development. Finally, export market support is critical.

A variety of means can be used to encourage expansion into export markets—-—

financing aid, trade agreements, market intelligence, and so on.

A specific recommendation is also made regarding the need for a coodinative mechanism
in CL planning. In the complex policy enviromment for CL. with-its:- many players,
divergent and disjointed actions may not only be detrimental to industry

but may prove inefficient if incompatibilities are entrenched. More opportuni-

ties for coordination should exist. A strengthened versiom of the National Research
Council's Associate Committee on Instructional Technology appears as the most

likely candidate to fulfill a coordinative role., and to promote CL interests among the
many policy-makers whose decisions affect EL develonment.
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CHAPTER ONE - THE POLICY INTEREST IN COMPUTER LEARNING

The computer is everywhere. Shedding its image as an intemperate number crun-
cher, its appearance is changing: robots are taking over on assembly lines,
and workstations blink deferentiélly on offiée desks. And-after years of slow
progress, computers are proliferating as learning tools. The& act as teach-

ers'

aides in schools and they automate training courses in industry; they
simulate equipment and experiments for students to practice; they can act with
expert knowledge to judiciously guide the learner; or they may silently express

a microworld for the learner to explore.

Computer learning is part of a wave of computerization brought on by advances
in microelectronics. Computer costs have dropped, microcomputer power has
grown, and computer learning systems have gotten better. Meanwhile, in the
training world rising labour costs have made training increasingly costly,
while at the same time the workplace is changing and more and more training is
becoming required. The computer is becoming a cost-effective means to train.
In the educational world, interest in computers is causing a diffusion of
microcomputers in schools. And finally computer power is becoming more and

more common in homes.

Three broad markets for computer learning (CL) are now evolving: in education

(where microcomputers are being bought by schools at prodigious rates); in
training (where the computer saves time and time equals money through employee
wages); and in a consumer market for microcomputers and specilal handheld com-
puter learning devices. AComputer learning has reached the moment of commercial

success.

As these markets evolve, they will represent massive expenditures in hardware
and software. This prospect raises certain questions from the industrial view-
point. The first is defensive: 1is this hardware and software to be largely
imported? Canada could be a passive market, buying Japanese or US hardware

and stocking it with US content. The other questions are more spiritéd: can
Canadian companies get some share of the domestic market? And going further,

are there opportunities for Canadian industry in the international marketplace?
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Computer learning calls for a spirited attitude and for thinking in interna-
tional terms. There is no estaBlished market hegemony in this area—-no giants
dominate in either hardware, software, or content, and no country has advanced
to tﬁe poiﬁt where any field of schooling or'training is flush with well-devel-
oped CL material. Both CL products and expertise are in short supply. Canada
has been a leader in computing learning in the past, before the market was
ready. The aim now is to provide favourable conditions for industry as CL

markets expand.

As is the case with a number of opportune high-technology areas, questions of
industrial policy exist, both to attain industrial gains and to avert balance
of payment problems. Computer learning is remarkable, however, for the number
of ways in which its development is affected by policy. The influence of gov-—
ernment dates back to CL's earliest days: any computer learning system in use

today is likely to have been nurtured by public support during long years of ré&d.

This study examines the policy environment for CL and its effects on industry:
how policy affects the prospects of Canadian firms offering hardware, software
and assorted services for computer learning. Industry activity includes special
software (such as specialized authoring languages to create CL content), learn-
ing applications software itself, and enterprises which connect and deliver
content to users, such as clearinghouses, networks and telecommunicatiops syst-

ems. Multiple facets of the high technology sector are involved.

Policy now impacts computer learning in four major ways:
(1) the public education system is a major market for CL. The ways in

which equipment and content are acquired have direct industrial effects;

(2) government itself supports a large amount of training, and could be a

primary user of computers to train;

(3) r&d (a kind of lifeblobd for development in fast-evolving technolo-
gies), can be supported by government funds or encouraged by incent-

ive policies;

(4) firms making CL products are part of a high~technology sector that is
in the limelight of current industrial development strategies, where
a variety of measures (grants, financing aid, etc.), are being applied

to nurture "high~tech."
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There are a score of policy actors involved, but a few main players stand out.
Provincial Ministries of Education are under pressure to organize the chaotic
spread of microcomputers purchased by schools. Ontario has been most ambitious,
funding a major CL content project and fostering the development of a CEM (a
Canadian Educational Microcomputér). There are federal government departments
which support extensive training: the military and the Public Service Commission
train for internal purposes and the Canada Employment and-Immigration Commission
spent over $800M this year in manpower tréining programs across Canada. Next
are the ministries résponsible for industrial development at both federal and
provincial levels, who view CL as a potential high-tech growth area. Finally,
there are federal research funding agencies who either have supported CL in the

past or could potentially do so.

The scene is complex, with players at federal and provincial levels, some view—
ing CL from the perspective of use and some from the perspective of high-tech
development. Provincial education planners are taking different and at times
divergent approaches towards the use of microcomputers in schools and while some
coordination is occurring it happens almost by chance. Also, over the decades
since the provinces were assigned responsibility for education, considerable
federal involvement has evolved and manpower training, for example, occurs as

a mix of federal and provincial activity. Split federal/provincial responsibil-
ities in education and training lead to complicated overlaps and can create

certain blind spots as well.

A focus on industrial development, however, is neither federal nor provincial.
The roles of both levels of government in education and training must be con-—
sidered because they are potential users of CL. However, industrial development
is a national question--whether with the advent of computer learning imports will
proliferate, or whether opportunities can be had by Canadian firms. Both levels

of government can act to encourage industry.

With few exceptions, at present the situation shows an absence of action detri-
mental to the industry. The education market appears to be too fragmented to
provide a base for Canadian industry; government has not served as a "catalyst
user" of CL (as it has in the US through the military); and CL has received
little encouragement in industrial development policy (where the aBility to fund

software development in general has only recently been mobilized). Furthermore,
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the ré&d setqing is spartan: little research money is available, and research
within the federal government has been concentrated on a single project for

nearly ten years.

Though it seems all but forgotteﬁ, national policy for CL was the subject of
considerable scrutiny by the federal government some seven years ago.,1 Several
recommendations of that time aré still apt, such as Suppért for r&d and for
developmental projects to foster a competitive Canadian CL industry. Moreover,
cooperation between federal and.provincial governments was achieved in plans for
several CL projects. The state of CL in Canada today--if it had been energetic-
ally developed since 19754—canA6n1y be pondered; a full-fledged effort in ré&d
and exemplary projects over seven years would have built up expertise and ex-
perience that could be bfought ﬁo bear now that rapid CL growith has begun. One
finds instead that the policy machine examined the situation, identified oppor=-
tunitiés and needs, and called for action--but that this came to nought. Like

a half-made gesture, a few reports remain.

The policy history for computer learning has had more than one such weak moment,
but as a period of accelerated growth in CL continues, the failure to encourage
industry becomes more significant. Computer learning is an area where Canada
has been ahead of its time. However, without supportive conditions for industry
Canada will meet domestic CL neéds through imports, while international markets

for education and training unfold with comparétively small benefit to Canadian
firms.

Computer learning is a major new area of computer useage, and apart from the
industrial matters considered here CL entails broad social issues as well.
For example, the spread of computers will change the institutions of education
and training‘built for the past. In schools today, there is a mood of

enthusiasm among educators who see a positive side to CL. Early fears of
job replacement by computers have dwindled, and computers are now viewed
as a resource rather than a substitute for teachers themselves. Teachers
appreciate the computer's ability to suit the student's own pace; to
undertake rote teaching chores (punctuation, grammer, and so on); and to
"individualize" learning by reflecting different student responses.

Teachers: may view themselves more as managers of the learning process,

able to give more time to help with difficulties and special cases.

- . 1 G
1
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At present, the computer is used in the classroom less for its capabilities as

a teaching tool than for the chance it gives students to learn about the com-

puter itself. Many teachers look upon exposure to the computer as a valuable

part of a student's education, and computer literacy is a motivating factor in
much of the use of microcomputers in schools. Eventually more use of the com-
puter in the curriculum is expected, as is the use of information retrieval re-

sources by students themselves.

However the way such developments will impact schools and teachers is largely
left undiscussed. What will be the effect of the computer on such pillars of
the established system as the division of the day into standard time periods?
Are there health hazards associéted with prolonged use of video screens?3 Will
computers eventually reduce the need for teachers--or will more teachers be re-
quired in the future because of new demands for education and training? Also
there is soul-searching to be done about the role of the teacher and the school
system, which are responsible for much more than the transmission of knowledge
itself. Educators are beginning to ask themselves questions. Does the school
system maintain a common social meaning in our society?4 What will be the ef-

fect of computers on human relations in schools?

Already there are concerns about equity of access. Computers tend to be found
in schools in affluent areas.5 As one US observer put it: '"Power is not dist-
ributed evenly now, and computers will broaden that gap.'" Or, put more bluntly,.
"If computers are the wave of the future, a lot of [the countri] is being washed
out."6 The need for schools to acquire computers quickly thus becomes a larger

question of social opportunity.

At higher education levels, old institutions are feeling new strains. Post-
secondary institutes are pressed by new demands for informal learning and train-
ing. More and more people are viewing learning as leisure, or are seeking work-
oriented training on their own. The computer will change the way courses are

given within institutions, and offer a new means to acquire knowledge and

instruction outside their walls.
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Some observers suggest that public education will fail to cope with new changes
and that private educaticn (commercial training courses for adults, in~house

corporate training, and even-'"computer camps" for kids) may be more responsive
than the public system to new education needs. A shift from public to private

education is predicted. Will an advantageous education, even at the school age
level, belong to only those who can pay for 1t? New and major issues in

education may be faced.

The fOCUS,Qf this report, however, is upon how policy (within public education
systéms and within government) is.affecting the industrial development of CL. Comput
learning development is closely tied to policy through procurement (in provin-
cial education systems and in government—Supported training), through ré&d sup-
ﬁort, and through high—technolqéy industrial development measures. The latter
includes grants, financing assistance, conditions to encourage ré&d within ind-
ustry, encouragement of the software industry, and export marketing support.
Given that the debut of commercial success for computer learning is near, and
that government in many ways sets the stage for its development, what kind of
conditions for industry are created by the current policy setting? and how

might these conditions be improved?

This report is*sﬁfuctured in three parts, dealing with Technology, Industry,
and Policy. Part I introducgé computer learning in Chapter Two, and describes
a number of delivery technologies in Chapter Three. Part II discusses three
broad markets for CL in.ChapterlFour: the education, training and consumer
markets. Chapter Fivé discusses the industrial setting for CL--the major com-
puter learning systems and centres of activity, a growing interest in CL soft-
ware on the part of publishers, and the international context of opportunity
and competition. Part III on Policy begins with a delineation of a number of
issues critical to CL development, in Chapter Six. Chapter Seven describes the
policy environment for computer learning, discussing the major players and their
various roles. Chapter Eight analyses the approaches and strategies taken in
developing computer learning and Chapter Nine offers recommendations for spec-—

ific policy moves to encourage the CL industries.

'
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FOOTNOTES: CHAPTER ONE -

4

1 . . . . . ;
" "A Working Committee on computer-communications in education (spearheaded

L

by a now-defunct Educational Technology Branch at the Department of Communica-

tions in Ottawa), reported in 1975.

2The Ontario Teachers' Federation Submission to the Cabinet, 1981 (1981),
p. 11,

e

31bid., p. 15.
4British Columbia Teachers' Federation (1981), p. 30.

?A Us survey found that 80% of the country's largest and most affluent
public high schools had computers in 1982, while 60% of the 2,000 poorest

schools had none. Time, Nov. 15, 1982 (Market Data Retrieval Inc. survey).

National Science Foundation.

|
|
6 .
Ibid. Quotation from Andrew Molnar, computer education specialist at the
7Ibid. Quotation from Market Data Retrieval Inc. president, Herbert Lobsenz.
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CHAPTER TWO INTRODUCTION TO CL

The coméuter is being used for learning for many reasons. In training
settings, its main value is that it teaches more cost-effectively by
reducing the time required by employees to train. There are also gains
in convenience: trainees may have flexibility in time and place of
instruction. And simulations allow students to practice without the

use of actual equipment during training sessions.

In businesses, in addition to training employees in job functions,
c&mputér learning can be used to instruct in the use of new

equipment, which will be encountered in many occupations in the next
few years as automation in the workplace takes place. Also, as micro-
computers diffuse into small businesses and homes’markets will evolve
for practical instruction, and in the home market informal learning and

free-form applications such as LOGO will appear.

In schools today the méin purpése in using computers may simply be
computer literacy, to expose the étuden; to computers in some way.
When it is used to teach material or to provide learning environments,
the computer can become increasingly interesting and powerful, using
simulation and animation, or acting as an intelligent tutor. Some see
the computer as an intellectual tool whose purpose is to expand creat-
ive thinking, rather than simply to improve the learning curve. Many

see it as eventually a ubiquitous and all-purpose learning tool.
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How effective are computers in teaching? Where evaiuations have been done,
the computer has appeared to be at least as good as traditional methods in
conveying knowledge,l In some cases,'(with ‘handicapped learners, for in-
stancez), the computer has been odtstanding. In training situations with

adult learners, training time is typically reduced by some thirty per cent,

There are many complexities to ponder concerning the use of computers to
teach and tféin4=£5e ﬁeed.for the human touch, the role of peer interactioms,
and the degree to which computerization i1s possible or desired for different
types of learning. Still the computer has proved itself ag an able teacher
and it has almost always been well-liked by students and trainees. Its

performance can be expected to improve as more sophisticated forms of CL appear.

As a learning tool, the computer can take various appearances, including the use
of graphics, videodisc, simulations, animated games, or artificial intelligence.
Without a daunting amount of technical detail, this chapter provides a sense of

the diverse ways in which computers are used for learning.

From "Drill and Practice" to Expert Systems

As early as 1963, researcherg at Stanford University were using computers for in-
struction, quizzing students in elementary and high school math through computer-
ized drill and practice routines. Drill and practice was the earliest and simp-

lest form of CL, essentially automating the sort of exercises ome might find in
a textbook. - .

In the following years, research in computer leafning clustered around the dev-
elopment of a few major systems (described in Chapter Five). At the same time
as work on these projects got underway, a simplified programming language (BASIC)
was developed that could be learned in a few days. Countless teachers have

written programs in BASIC on their own, to supplement their classroom instruction.

Tutorials, that present instructional material along with interactive questions
and answers, have been the common form of CL, and have often been quite simple.
More sophisticated variations of CL tap the resources of the computer in more

powerful ways, but require more effort and expertise.

‘ .
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Simulations replicate a set of conditions, which can then change dynamicaiiy

in response to the learner's actions. The learner can practice in simulated
flight conditions, for example, ‘or conduct standard scientific experiments
without the use of actual lab. resources. There is also a trend to enliven
learning with animation. In animated problem-solving, the kind of anecdotal
math problem commonly found in textbooks is portrayed in using cartoon-like
pictures (or "icons”). The learner tries out different solutions and watches
the results. For instance, in a program called TRIP, developed at Xerox Corp-
oration's research centre, the student manipulates variables of time and speed,

by sending two trains racing on a collision course across the screen.

Individualization uses the resources of the computer to provide responses that
vary with an individual learner. The simplest application of CL presents mat—
etiai almost mechanically, in a standard fixed sequence, using the computer '
essentially as a textbook that has an electronic screen. Instead of such

fixed sequences, CL can incorporate conditional branching: a number of altern—
ative sequences are included in the computer program, and depending on the in-
dividual's response, different sequences are entered. More advanced systems
(less commonly found outside of lab examples) build up "learner profiles'" through
testing and monitoring, that can take complex individual learning patterns into

account.

More sophisticated systems are being developed that incorporate artificial in-
telligence (AI) approaches to CL. Two concepts are involved in these systems.‘
The first is that of the "expert system,"3 in which the computer is programmed
with a substantial amount of knowledge in a particular domain. The SOPHIE sys-

tem tutors in electronic troubleshooting, while SCHOLAR is an expert on world

-geography. Secondly, intelligent systems expand the "learner profile" idea

into a more complex "student model" representing the hypothesized knowledge
state of the student. Based on this student model, the computer selects the
best procedures to present material. The BUGGY system, for example, can diag-

nose student problems (or "bugs") in doing simple arithmetic.
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In advanced intelligent systems, the learner probes in a knowledge environment,
trying out ideas and interacting with a.responsive program. The learning pro-

cess can be a dialogue with an expert problem solver, and in fact the model of

a "socratic dialogue” has been used.

The trends in CL applications that stand out at this time are as follows:

- individualization in learning is becoming more sophisticated;
visual environments are increasingly interesting, with graphics,
animation, and the use of full video with viddodiscs;
applications are more involving, using simulation, animation,
"socratic dialogues,"” and so on;

-~ the use of intelligent‘systems is advancing.

~ Instructing, Coaching and "Learming Without Teaching"

As a learning tool, the computer has largely been used in educatiomnal and
training settings in a didactic or directive manmner, to convey a specific

curriculum of knowledge and skills.

Typically, the material in a CL application has been arranged as sequential
instruction. The learner works his or her way through an ordered curriculum.
Branqhing sequences that reflect individual responses, animated probleﬁesolving,
simulations, video marratives and other enhancements may appear, but the process

of learning remains a defined and ordered one.

A contrasting approach exists, that uses the computer in a non-directive way

for "learning without teaching” or free-form learning. In this model, learning
is conceptual in nature and occurs as it does in the natural world, without
curriculum. A young child learmns much without being taught. Similarly,

the computer can provide a domain of knowledge for the learmer to explore,
serving as a learning environment in which concepts and skills can be

built up. The LOGO system, and particularly its world of "turtle geometfy,"é.
exemplify this approach, which is termed "Piagetian learning" by the LOGO creat-
ors, after the Swiss child psychologist Jean Piaget.




13.

¢

A-third broad type of learning through computers-can be called coached learn-
ing. Using knowledge-based systems (that have a domain of expertise plus the
intelligence to monitor the learner's progress), the indiv;dﬁal may learn by
exploring a domain of knowledge with the aid of an intelligent coach or guide.
Learning‘%s "directive", as the coachAassures that a set..curriculum of
knowledge and skills is mastered. But rather than follow a sequence:of.. .

of instruction, the student explores in a less structured way; While sequenced
instruction leads the learner down paths in a domain of knowledge, with

coached learning €he student .covers the ground independantly with the help

of a guide.

Components of CL

Putting the computer to educational use requires a number of components: hard-
ware systems of various kinds; authoring tools to create content; content or
learning applications themselves; and in some cases telecommunications links.
Telecommunications is discussed in Chapter Three, as are two major sorts of
hardware equipment, microcomputers and videodisc systems. This section briefly

discusses hardware,.systems software (particularly authoring tools), and applications.
Hardware:

The main kinds of hardware being used to provide computer power in CL at pres-
ent are minicomputers and microcomputers. As is the case with computing gener-
ally, the trend in hardware has been towards shrinking size that holds increas-
ing capacity. Mainframe :examples in computer learning still exist: the PLATO
system, an early CL giant, continues to rely primarily on a timeshared mainframe
computer model. However, prospective customers face either a price of some $2M
for a CYBER mainframe, or substantial ongoing charges to connect to PLATO cent-
res. At the other end of the size spectrum, developmental work is inching to-

wards microcomputers the size of a book.

Minicomputers today fit most requirements for substantial computing power, where, for
instance, a CL language demands large computer resources, and the system has to
support a large number of users. Prices véry but are always a considerable

expenditure, ranging from $30,000 up to a half-million dollars.
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The low costs of microcomputers has caused a rush of buying #n elementary and
secondary schools, and micros are also spreading steadily in the home and small
business personal computer ("perscom") market. The cost for a typical "micro"

for student use in schools skips from $1600 to $2000, $2500 and $3700, for Com-
'modore, Tandy Radio Shack, Apple and IBM products respectively. Perscoms usu-

ally have more resources and capeﬁilities and.are higher priced. 4' For teachers,
systems with more resources may be preferred, so that costs may be closer to perscom
levels. A well-equipped Apple II1 costs nearly $5000 in Canada, plus a further

$1000 if a printer is desired. Much lower prices are expected within a few years,

and a figure under $1000 is generally considered essential for any real consumer
market growth.

The micrcomputers being bought today can be embellished with a number of features.
Most are now highlighting colour graphics. Also, a variety of input devices
besides keyboards can be found ("joysticks" which one rotates to move objects
easily on the screen, screens or tablets sensitive to touch or to special pens,
and so on). Video interfaces can control taﬁes and disc players; speecﬁ syn=-
thesis can be used for spoken’ output, and (slowly) speech input capabilities

are developing, Sound synthesis can be used for learning or composing music;

and realtime clocks can set timers for gaming and simulationms.

Handheld units already have a brief history of use apart from educational pur-
poses. To give two examples, the US military has tested light and portable
"tactical terminals" which can plug into central resources through military
radio. On the civilian side, the Japanese firm Seiko has unveiled a 3% 1b.
handheld computer for accounting, billing, and light word-processing chores.

Handheld units are also appearing geared to specific scientific uses.

To date, a major handheld hit has been an educational product in the con-
sumer market: Texas Instruments’ popular Speak 'n' Spell, which teaches spell-

- ing and plays a word game, at low cost (under $100), and with the novelty of

synthesized voice.

Two major developmental projects are targetting handheld educational units at
present. Since the early seventies, the Smalltalk project at Xerox PARC? has
aimed to produce a 'Dynabook," a handheld computer with high resolution graph-

ics, by 1984. Secondly, the Centre Mondiale pour le .Developpement de la
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Microinformatique, recently established in France, is working on the goal of

a book-sized microcomputer with voice communications features, as part of a

larger vision of worldwide use of computers as learning tools,

Software: --

There are two types of software in computer learning: applications software:
(the actual learning content programs with which the individual interacts),
and system or "facilitory" software, the operational programs for the computer
that enable basic and general things to be done. Two sorts of system software

are particularly important in.CL.

First, Portability software programs can allow applications to be moved from
hardware of one manufacture to another. Incompatibilities between different

computers are a major‘problem, especially in the microcomputer marketplace,

"a point discussed in Chapter Six. Secondly, the need for authoring tools

to make content creation faster and easier has absorbed an enormous amount
of attention in the past, and a number of author languages and authoring
systems have been developed. (See Inset A.) However, few appear satisfied

with the state of the art today.

Contradictory views prevail'on the subject of authoring tools and they stem
at least in part from the fact that needs for authoring can vary widely. .The
question is: who is doing authoring and where? The elementary school teacher
who wants to write lessonware needs a simple low~cost system that runs on a
microcomputer, and may not want to learn to program. This individual may
gratefully trade flexibility for ease of use. In contrast, in industrial
training, in-house programming expertise may be available, and tﬁe valuelof

an authoring system would lie in the extent to which it speeds up production
without limiting programming options. CL could also be produced at special-
ized authoring centres, equipﬁed with CL expertise and with timesaving author-
ing tools. Increasingly, when the scale of a project justifies it, a team
approach is favoured, to combine the expertise of programmers, educational

design specialists and subject matter experts.
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include CAN's EASSy programs and TICCIT’s APT, Authoring Procedure for TICCIT.

Authoring Tools:

Content creation in CL is a lengthy process: between 200 and 300 hours of devel-
opment are often required to produce one hour of an actual CL application.
Authoring tools for quicker and easier creation .of CL content are of two variet-
ies: author languages and authoring systems. An author language is a high-level
language for the specific purpoée of making CL content. It makes the programming
required for a CL application an easier task. An authoring system is a high-
level software interface which siﬁilarlg speeds up production of CL content, but
does so by minimizing the programming required. (For example, an author lang-
uage would have a range of commands for the detailed specification of lesson com=
ponents, while with an authoring system, such specifications would not be re-
quired--the system itself would supply default conditions, or prompt the author
for information in $mall steps.) A goal of authoring systems has been to allow

authors to make CL applications with little or no programming expertise.

The list of author languages includes TUTOR (for the PLATO system), the National
Research Council’s NATAL, which has been implemented on several computers, and

PILOT, available on a number of microcomputers. Examples of authoring systems

(These systems are discussed in Chapter Five.)

Authoring systems were developed from author languages, to aid in content )
creation——handliné input of text, graphics, audio and other material. Later,
authoring systems tackled lesson definition, with simple ways to specify lesson
structure (e.g., the presentation of material, processing of student responses,
and the use of branching sequences). Authoring systems minimize programming in
several ways: through high level commands (which could be equivalent to multiple
commands and considerable detail in an author language); through prompting of
the author; and/or through the use of a predetermined form of instruction.
TICCIT, for example, has an instructional logic built into the system. Within
this framework, the author simply provides. content. The Authoring Procedure
for TICCIT (APT) has enabled non-programmers to produce an hour of content with
100 hours of development, half the time a programmer would otherwise.req&ire.
Some authoring systems have achieved fairly widespread use, such as the PASS

system, developed by Bell and Howell. PASS uses a predefined authoring fdrmat;
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prompts the author in ordinary English and will in fact cue the novice through :

the entire authoring process’s contains automatic branching and grading; and-has

capabilities for colour graphics and videodisc and tape, = Most important- -

antly, PASS runs on an Apple microcomputer, and requires no programming experi=-

ence.

The limitations in current authoring systems, howevef, are many. Most bas-
ically, authoring systems typically develop text-based tutorials or testing
sequences in prespecified patterns or "templates." Many claim that this works
against variety and creativity. Author languages, while they require more prog-
ramming, nonetheless offer greater flexibility.  The tradeoff lies between flexi-

bility and ease of use. ) .

Secondly, authoring systems are weak in handling a number of colourful and use-
ful enhancements to text-based CL. Simple methods for creating graphics are
often lacking; as are convenient means to handle multimedia materials such as
videodisc. The use of simulation at present is limited to authors who can prog-
ram; authoring tools could help define input conditions, output states, and the

causal links between them.

Thirdly, there are no authoring systems that handle knowledge-based or
artificially intelligent approaches to CL, in which learning occurs as

a dialogue between the student and the computer. In these systems,
content and instructional strategies take the form of semantically related
cbncepts and ihference rules. Such systems require -complex associative
databases which are laborious to make, so that authoring tools could be
particularly productive. Such tools could encourage the use of knowledge-

based CL.

The guestion of authoring tools is a sensitive one in Canada, where for ten
years the development of the NATAL* author language has absorbed federal
attention in CL r&d. NATAL is a language that emphasizes flexibility and
completeness; but its evolution has been slow and it requires large computer

resources. Its use in commercially feasible applications has yet to be

. proved.

*See Chapter Five.

e
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Content (Computer Learning Applications)
Content is CL material itself: the actual learning applications software with l |
which the individual interacts. Content is the substance of computer learning. l i
To draw an analogy, "Gonme with the Wind" is a classic piece of "content" that |

has been seen on film reels, broadcast tv (black and white, colour, primetime or ‘

late night), videocassettes and videodiscs, and it can be expected to reappear l ;

on unforeseeable new media in the future. "Hardware" is insignificant in the 3

eyes of its audience. ' , I ‘

The word "courseware' has been the standard industry term to refer to CL applications l

in the past. Now, however, a distinction has been drawn between '"courseware'

(entire courses of learning by computer), and smaller chunks of content, called l

"lessonware". ‘Applications in the future will extend to new forms of interaction i

with the computer and the terminology for CL is sure to expand. ' ‘
CL applications have covered countless topics and have appeared in numerous l

forms, and student iriterest and effective learnlng have generally resulted. ”?

Its success 1s usually attrlbuted to the intense interactivity of CL, whlch
absorbs the student's attention, and to individualization, which can fit

the computer's responses to the individual learner.

Nonetheless, it can be said that computer learning to date has been rudimentary:

the power of the computer as a learning tool has hardly been tapped.

Looking back, for the most part computer learning has been a kind of hobbyist

activity taking place within educational institutions. Apart from a few centres

Outlook . '
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of development, most CL material has been made Ey teachers themselves writing
simple programs, particularly for microcomputers. And, while sophistication in .
computer learning has steadily increased, apart from lab experiments it has been
constrained by the limited commercial success of CL and by the high cost of using

advanced features.

These conditions are changing. The commercial environment for computer learning
has become more hospitable, and the education, training and perscom markets are
beginning to come of.age. Most importantly, one can expect that the unique cap-
abilities of the computer as a learning tool will be drawn upon with increasing
sophistication. Artificial Intelligence will make computers. smart; simulated
environments will either teach or simply let the individual learn without curric-

ulum; and most computers will talk.

Extensive r&d is still needed to empower the computer as a learning tool. Two
important areas of development are the use of speech and the arrival of intelldi-

gent expert systems. (See Insets B & C.)

It is impossible to predict the forms that CL will take in the future. One can
imagine handheld units, including "job aids" for consultation at work.
In schools, multimedia creative learning systems may appear. A child might play

and compose music by using colours and drawings on a screen.8

One conclusion, however, is clear: there i% ongoing develoﬁment in

this field, and so far the use of the computer for learning has been

little more than primitive. Developments in areas such as artificial
intelligence are likely to transform computer learning applicatioms.
Furthermore, new types of computer learning (learning without teaching, for ex-
aﬁple) are gaining momentum in channels of dévelopmernt outside the CL -
mainstream. No planning for computer learning should rely too heavily on the

frame of reference of the status quo.
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Speechifying

The . inability of computers to converse has been a critical communications gap.
However, progress is being made.in both speech synthesis, and the much more

difficult speech recognition.

Current speech recognition technology has an extremely limited vocabulary, has
problems adjusting‘to diffepent voices, and has almost no ability to contextual-
izé (to distinguiéb, for exéhple, between "spifits" as wine and "spirits" as
ghosts). Yet its advantages are so enormous that systems capable of recognizing

9

fewer than a hundred words are now commercial products.
Speech synthesis is a much easier task, and "talking chips" are being used
cheaply in a number of consumer products. Expect them soon in car dashboards,

microwave ovens, and toys.

The first talking consumer product was an educational one: Texas Instruments'
"Speak 'n' Spell", which taught spelling and played a simple game. TI has a
new talking product to teach children how to read: The "Speaking Reader", which

has a phenomenal vocabulary of 200,000 words, and will retail at only $120.

The Speaking Reader uses 128 basic elements of speech (called allophones) which
can be combined to form words and sentences. A child looks at a word or a pic-
ture in a special TI book, and a bar code accompanying each image has a code
for the allophones needed by the voice synthesizer to speak the appropriate
words. The child points a "magic wand” at the bar code, and the machine will

talk.
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Smart Computers

Artificial intelligence (AI) programming, like CL, involves programming that pro;
cesses ideas and knowledge instead of numbers. AI programs use if-then rules

(for example, the computer can be certain that 1f an animai has tusks, then it .
is not a cat). They may also use networks of facts that are linked associatively,
so that thé computer can tell how various pieces of information are related.

(The computer can "know," for iInstance, that both mastodons and elephants have

tusks but also be aware that mastodons are extinct.)
The AI field has been a small and close-knit community clustered within a few
university centres, a breed unto its own probing the nature of intelligence

and how it can be imitated within a computer.

Now, however, after years of basic research, and with advances in computer power,

commercial products based on AI are appearing. Most are expert systems, computer—
ized consultants equipped with an area of technical expertise: Mycin, a med-
ical advisor, diagnoses certain diseases and prescribes antibiotic drugs. Dip-
meter Advisor is a geology expert developed by a major oll services company, to
interpret data collected from drilling sites. To create Dipmeter, researchers
observed a top field engineer every day for six months, to imitate through If-
then rules his special expertise, his practical knowledge and experience, and
his means of problem-solving. Experts "replicated” by AI have been surprised
at the extent to which their "gut feeling" conclusions can be methodically ar-
rived at by a smart computer. An AI system will also explain how a conclusion
was reached, so that human experts can assess the system's judgement. Some can

improve their own knowledge-base with new information.

While there are only a handful of expert systems in use today, a flood of others
are expected, beginning in specialized scientific and industrial settings, and
spreading to factories and offices and (some say) to consumer markets, perhaps
by the end of the decade. The limitations at present are the lengthy time

needed to create the "expert'" and the power of computer resources required.

. - . . - I
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Already, however, a new generation of microcomputers can use LISP (the AI prog-

ramming language), and both limitations are likely to soon disappear.

By its very nature, educational computing calls for the use of knowledge-based
computers, and a number. of early examples of AI-based sgstéms were produced for
CL. GSOPHIE (developed at Xerox PARC), 1s an expert in troubleshooting elect-
ronic circiits. It can interact with a studen&‘in nafuial language, and either
SOPHIE or the student can ask guestions° As the student practices with the
simulated circuit, SOPHIE knows what he or she should be trying to do: if a
mistake is made, some pointed questions will be asked. BUGGY is an expert in
the kinds of errors ("bugs'") students make in doing simple-math problems. BIP
models the learner's capabilities. WHY, an expert in meteorology, takes the
Socratic approach to tutoring: if a student overgeneralizes about a cause of

weather conditions, WHY raises a counter-example.

Such educational systems stood out in their time as ground—breéking efforts; but
during that period AI was a challenge so mind-numbing that interest was confined
to a rarified research environment. This context has changed: commercial AT
products are about to come of age. While the first push in commercial AI may

come in moneyed industries, education demands the best, and CL should be the

smartest kid on the block.

The Japanese are now focussing on intelligenf machines in their lengthy and
costly "Fifth Generation Computer Project,"” which aims to create a machine that
will read, write and speak several languages, learn, think and solve problems,
and have the capacity to "program itself.” Cornerstones of the research work
ahead Include: inference powers, associate memory, and powerful hardware
(logic chips many times as powe;ful as the most advanced experimental models,
and core memories with a trillion bits of information). The achievement of
these aims iIs admittedly uncertain. Project leaders havg sought international
cooperation and hope to attract US expertise in AI. Yet even if projects fail
td reach their targets, they will galvanize research efforts, and they may
also result in some lucrative products en route, such as a "super personal

computer” that is part of the research agenda.
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FOOTNOTES: CHAPTER'TWO

1'I‘he computer typically has proved to either improve learning or to show
no difference when compared to the traditional classroom épproach. Chambers,

J., and Sprecher, J. (1980).

2See, for example, Ontario Teachers' Federation (1981), p. 12; Brebner,
Ann, and Hallworth, H. (1981); and Goldenberg, E.P., Special Technology for
Special Children (Baltimore, Md.: University Park Press, 1980).

3See Inset, p. 22, -

4".Turtle geometry" creates a simple, fun and aesthetic graphics environ-
ment in which to explore geometric shapes and relationships. It is described
in Chapter Five,

5Palo Alto Research Centre. Smalltalk is discussed in Chapter Five.

6 \

See Chapter Five.

7 .

See Footnote 1 above.

A project at the University of Toronto allows the user to ekplore "paint
pots" to specify musical instruments, and "timbre factories" to synthesize

music by using either a keyboard or drawing on a screen.

9Russe1 Wills, Microprocessor-Based Media, International Development

Research Centre, Ottawa, 1982.




CHAPTER THREE DELIVERY TECHNOLOGIES ’ -

The applications software that is the substance of computer learning can be
accessed by computer hardware in several ways, One possibility is the use of
self-contained or "standalone" equipment, such as a microcomputer executing a
computer program stored on a diskette, or a ﬁideodisc system. Alternatively,
telecommunications links of various sorts - could be used to deliver content

to the user's machine. Networks, "downloading", and such forms of delivering
content as "teletext" and "videotex" are explained in this chapter, as are
microcomputers and videodiscs. Also, deli%ery media (telephone lines, cable,

tv signals and other media) are discussed.

Standaloné; networks, and downloading

Computer hardware comprises three broad categories. TFirst, standalone computer
resources are self-contained in an Individual unit. Examples include a micro-
computer using software stored on a "floppy" diskette, a videodisc system, or

combined microcomputer-videodisc units.

Hardware can also be linked through telecommunications to external resources.
For example, a simple computer terminal has no capability of its own, and is
dependent on a continuous connection to a mainframe or minicomputer. As a third
possibility, hardware may have standalone power but also may be able to use

telecommunication links. Microéomputers in particular offer this flexibility.

Telecommunications can be used to link hardware in many kinds of networks, but
two are particularly relevant in computer learning. Local Area Networks (LAN's)
are used to connect pieces of equipment within a relatively small area, i.e., a
classroom, or training centre. Secondly, geographically distributed networks
provide ,1inks between locations that can be hundreds or thousands of miles

apart.
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DOWNLOADING

VIDEOTEX

TELETEXT

TELIDON

TWO-wAY CABLE

SATELLITE

FIBRE OPTICS

VIDEODISC

NEW TELECOMMUNICATIONS TERMS

EXHIBIT 1

software is "downloaded" when it is transmitted from
a remote source and stored in local memory, typically
in a microcomputer. ’

pages of computer-based information are disseminated
from-a remote source in response to a user's demand.
Two~way videotex connects the user to a remote computer
by telephone or two-way coaxial cable.

Teletext is one~way videotex. Pages of information
are broadcast in the blanking interval of an off-air
tv signal, or over a cable chamnnel. ("cabletext").
Pages selected by the user are "grabbed" by a decoder.
from the continuously cycled series of frames.

Telidon is a means of transmitting text and graphics
through "alphageometrics," using computer-programmed
geometric instructions to create graphic displays.
cable has the interactive capability to both send and
receive signals.

~ Three forms of satellite communications are of inte—
- rest currently:

‘satellite-to-cable: signals are transmitted by satel-
lite to cable systems for local distribution::
‘satellite-plus-local area network: rooftop satellite
equipment is linked to wideband networks within build-
ings; :

‘DBS (Direct Broadcast»Satellite):'hore powerful satel-
lite signals are transmitted to relatively small and

inexpensive satellite receiving dishes (1 metre or less

information is transmitted as pulses of light sent down
hair-thin rods of glass. Capacity is over 1000 times
that of existing coaxial cables.

As a high-density storage and playback medium,
videodiscs are similar to phonograph records, but cap-
able of storing video, audio and data content.

Information is stored in tracks, each of wbich‘has an
address and can be directly accessed. There are 54,000

tracks per disc, and each track can store one video
frame.
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Networks offer a number of advantages over standalone units. Local resource-
sharing is often cost—effective. In a multiple-user setting (such as a
class) it may make sense to share computing resources through local area
netﬁorking. For example, '"disc-sharing” connects student micrbcomputers

to a central disc drive, saving thousands of dollars that would be required
to equipaééch unit with its own disc félcility.,1 In addition, a two-way
connection allows a central unit to collect student performance data, such

as test scores.

Telecommunications can also provide access té content ovér a distance. Time-
sharing, using telephone linés to connect to a remote central computer, was

a aominant early model in the computing world, and both the PLATO computer
learning system and the Miﬁnesota Educational Computing Consortium2 built

major operations following this pattern.

However, over the years microcomputers with standalone capabilities appeared.
Also, a taste for low-cost computing developed and distance telecommunica-
tions costs can now appear prohibitive. Even the well-established Minnesota
system is struggling with telecommunicatioms costs, having lost its former
state subsidy for these expenses. More and more, '"downloading" of remote
content to local units can be expected to take the place of protracted

communications links over distance.

Software is downloaded when it is sent through a telecommunications link

and stored in local memory, typically in a microcomputer. The microcomputer
then acts as a standalone unit, equipped with the downloaded program, and
there is no need to retain the telecommunications link to the source. Var-
ious technologies could be used for downloading, and only one-way trans—
mission is required. Tor example, a national corporation has been formed

to send software through FM radio signals to owners of Apple systems across
thé US°3 Telephone lines or off-air tv signals could also be useci° Cable

tv, because of its immense wideband capacity, is especially suited to
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downloading. Cable companies have downloaded video games commercially

to subscribers in the US for some time. Now, NABU Manufacturing Corpora-
tion is conducting market tests in Canada. to download both video games

and LOGO computer learning software to subscribers' homes. Cable and other

delivery media are discussed further, below.

Videotex, Teletext and Telidon

Two new terms have come into vogue in telecommunications parlance: '"tele-
text" and "videotex.'" Both are ways of accessing "pages" of computer-
based information displayed on a screen. Both are closely associated with

""Telidon" in Canada (see Inset 3-A).

"Telidon" is a means of transmitting information using a special type of
coding for graphics display that was invented in the Department of Communica-
tions' government labs in Ottawa. Though videotex and teletext are new and
still almost entirely unproven in the marketplace, an incipient Telidon/
videotex/teletext industry has received considerable encouragement from the
federal government, which perceives a future growth area in which Canada

has a technological lead. A number of Canadian manufacturers make Telidon
terminals, and several firms have specialized in creating Telidon pages.

The government has variously supported field trials, matched industry hard- =
ware purchases, engaged in international standards-setting, and generally

attempts to promote Telidon, videotex, and teletext domestically and

abroad.4 Meanwhile, though Telidon has been linked with videotex and tele-

text it could be used with other delivery technologies as well. There is,

for example, some initial use of Telidon with videodiscs.

Videotex and teletext could deliver "pages'" for computer learning as for any
abplication, and there have been several experiments in Canada using Telidon

for education.5 Other early work has explored the combination of Telidon with

existing CL systems. Most simply, Telidon terminals have been used as machines to
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deliver CL. Videotex and teletext have been envisioned as mass market phenomena,
and Telidon terminals are expected to be cheap. However, other links between
Telidon and computer learning (such as the use of a videotex network as an online l
delivery means for CL, or the downloading of videotex frames for execution loc-

ally), largely remain to be expléred,6

One problem is that a CL program is likely to be more complex than most videotex

applications at this time:

or 400 "frames'" of information. Responses must be inter-
preted and acted upon; a single course may have the equiva-
lent of several thousand frames of data. The pathways through
these data have to be selected in terms of student responses

and of the algorithms written into the course by the author. /
The '"menu" or "tree branching" approach incorporated in videotex and teletext has bee

. . . a single hour of instruction can easily utilize 300 l

a particularly limiting structure. Also, most videotex units have not had key-

boards to allow flexible student responses. ]

Potentially, videotex systems could provide a network for widespread distribution
of CL material, along with access to reference databases. However, despite the
interest of major corporations such as AT & T, the development of videotex remains
highly uncertain. While videotex was first conceived as a mass-market, commerc-
ially available service, the fledgling industry has already re-strategized and

is focussing instead on a market for private in-house systems within organizations.

Teletext, meanwhile, is more limited technically than videotex. The size of
a teletext database is limited (200 pages using a spare line in a tv signal, 4000

pages using a full channel on a cable system). Transmission is one-way only.

factufed, teletext is oriented to tv technology, using the tv for display plus a
simple keypad (without alphanumeric characters) for input. These are not hopeless
limitations: the 4000 pages available on a cable channel could allow a program
of substantial size, and "hybrid" systems have combined one-way teletext with a
'telephone connection back to the central computer. Still, these factors make

teletext an unlikely medium for computer learning.

And, while special videotex terminals with screens and keyboards are being manu- .
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" Videotex, Teletext, Telidon

"videotex'" refers broadly to two-way links from a user to a remote source of in-
formation, for information retrieval, banking and shopping, or more extensive
interactions such as computer learning. Teletext is the"oné-way counterpart to
videotex: Iinformation is sent only from the source to the receiver, embedded in
a tv signal,‘fbr Instance, or transmitted over a cable~tv channel. A4 cycle of
pages continuously repeats itself, and the user's decoder "grabs" the appropriate
pages out of this transmitted stream. Both teletext and videotex use a "menu"

or "tree structure'" to access .content, whereby the user makes a series of selec-

tions that eventually lead to the right pages of information.

To téke an example, using teletext about 200 pages of information can be sent in
a continuous cycle embedded in a spare line in an ordinary tv signal. Imagine
the teletext user in front of the home tv set. She flips on the teletext keypad
(that looks much like a remote tv channel selector). A special decoder connected
to the tv set then "grabé" the "Welcome to Teletext" page out of the 200 page
cycle, and displays it on the tv. This page gives the user a "menu," or set of
choices about what she wants to see next, such as: - (#1) news and sports;

(#2) entertainment; and so on. The user wants entertainment and pushes #2 on

the keypad. The decoder grabs the "Entertainment" page and displays it on the
screen. The user sees another set of choices: (#1) movies; (#2) theatre; and.
so on. She pushes #1, et cetera, proceeding through a sequence of choices until
she gets the information she wants. The process is described as a "tree struct-
ure" of choices: the user makes decisions that lead to further branching points,

€ontinuing up the tree.

Videotex displays pages of ;Qformation‘in a similar way, but through a.direct
telecommunications link accessing pages in the computer where the informa-
tion is stored. Various new models of special videotex terminals resemble
computer terminals or microcomputers, with their own video display screens,
while teletext is more closely associated with television technology. /V#deo~.
tex termiﬁals~also have a full-alphabet keyboard capable of more sophisticated

interaction with the computer than the menu method.

~

Telidon is a means of transmitting codes for graphics display. "Alphamosaic"

systems build up a picture on a screen by filling in coordinates on a matrix.
. F] .
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Each page consists of a mosaic or matrix of a certain number of rows and a cer-

tain number of characters per row. Thus each position on the matrix can be _

specified and filled with colour to create a picture.

Telidon works more efficiently through the use of "alphageometrics", a method of
generating shapes from transmitted geometric instructions. "Picture Description
Indicators"” provide for a set of‘geométric drawing primitives, such as "line” or
"aré," which are sent to a microprocessor in the Telidon terminal. To draw a
circle, one need only specify a starting coordinate and a radius, plus the com-

mand for "circle" which Telidon terminals understand.

Telidon graphics have been incorporated in several major standards for videotex
and teletext in North America’ séveral Telidon field tests have taken place, and

several Canadian hardware manufacturers make Telidon terminals.
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Thus, apart from relatively simple applications, as means to deliver pages of
content Qideotex and teletext appear to offer little to computer learning at
present, despite the keen policy interest in their development. Either
go&ernment—funded r&d or a market imperative will be needed to support the
technical impro§ements required. The downloading of entire software programs
seems a more immediately promising form of delivery. This downloading could
be accomplished by either videotex or teletext systems, with varying ease

depending on the telecommunications medium used.

 Meanwhile, other advances in videotex/teletext are converging with CL requirements.

. Telidon microcomputers aretbéing developed, as are in-house local videotex systems,and

both match trends in CL more than the model of a comnection to a distant source
of content to access pages. The use of Telidon for CL could well occur in the
future in response to market needs, but (as both the Telidon and CL industries

have learned) it is unlikely one can predict (or impose) the model of use.

-

Delivery Media

Content can be physically delivered by several technologies, most notably: tele-

phone lines, off-air radio or tv signals, coaxial cable, satellite and fibre optics.

As a means to deliver information services, the telephone system has several
strong points: virtually every home and office has a telephone that can be used
for two~-way communications. A major limitation, however, lies in the slow trans-

mission rates achievable by phone.

Telephony is "narrowband"8 communication, and its band width is small compared
with "wideband" communications media such as cable or satellite. This can mean

slow response time in new information services.

A full tv channel is a "wideband" medium with substantially more capacity than
telephone lines. It also is a one-way medium, and no responses can be sent from

the user to the central computer. A full tv channel is rarely available for in-

. formation services, and- such services (teletext signals, for example) have gener-

ally been "piggybacked" in a spare line (or "vertical blanking interval) of ex-
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isting tv -signals. The OECA has experimented- with computer learning using
teletext transmitted within tv signals. Radio signals can also be used. to send

data (for downloading, for instance), when fast transmission is not required,

as in the plan to deliver Apple software in the U.S. by FM signals, noted above.

With one~way signals, no charges are incurred through connection to a remote
: ! o .

computer. . "Apother advantage is:the wide availability of signals, blanketing
Vv . - = ° o ° 2

an area and accessible to all with a suitable receiver. Using satellite,

national distribution of signals is possible.

Most tv viewers in Canada have access to extra tv channels through cable-tv.
Cable service is available to two-thirds of all Canadians and to much higher
percentages of the population in urban areas. Over 90% of the residents in
Vancouver, for example, subscribé to cable television, and Canada is perhaps the

most cabled country in the world.

Cable is a wideband medium with multichannel capacity. 1In a recent surge of
franchising in the US,9 new systems have been proposed that use two coaxial

cables capable of offering over 100 channels. In Canada, the cable industry dev-
eloped much earlier than in the US and the system capacity in place is more modest.

. 0
Major cable companies are now "upgrading” to a 35-channel capac1tya1

This capacity need not be allotted in units of tv channels. With two-way cap-—
ability, some band width can be allocated for "upstream" signals from the user

to the cable centres. This could be used for high~speed data transmission to
accommodate computers. Thus, wideband capacity offers two advantages: fast
response time, and the ability to accommodate multiple services—-teletext, video-

tex, downloading, etc.

Most systems in Canada, however, are not two-way. Again, the US enjoys an ad-
-'vantage because of the late growth of cable~tv, which did not gain momentum
until the success of pay-tv services. New systems being built in US cities can
start out with state~of-the—art two-way capabilitfes. In Canada, upgrading is
required. Extensive work on, two-way capabilities is underway at several major

Canadian cable systems.,11

Besides its more familiar services in the residential tv market, the cable ind-
ustry also wires "institutional networks," linking businesses, educational institu-

tions, or public buildings with high-capacity two-way communications. Again, US
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developments are outstripping Canada and institutional networks are a part of

most franchising applications currently. In Canada, some educational experi-

ments are occurring in Vancouver to link several post-secondary institutions,

Finally, within individual buildings, computér manufacturing companies (unconnected
to the cable industry) are using cable technology to install Local Area Networks
in office settings, to provide instant communications links between new electronic

office equipment. (An example is Xerox Corporation, with its Ethernet system.)

Thus cable is used in many forms as a wideband transmission medium. Satellite
technology, meanwhile, offers powerful wideband transmission capability over dist-
ances. Cable-satellite netw0rks; combining these technologies, are being used to

distribute tv channels to cable.companies across the country.

v

Newer and more powerful "direct broadcast satellites'" will be able to send sig-
nals to small and low-priced "dishes" (the dish-shaped antennae used to receive
satellite signals). Already, satellite is being used directly by businesses for
voice and:data transmission, using rooftop sending and receiving equipment con—

nected to Local Area Networks within office buildings.

There are a number of other delivery media in use or on the horizon., ' Fibre optics:

transmits information as pulses of light sent down hair-thin rods of glass. Capac-
ity is over one thousand times that of existing coaxial cable. Some initial use of’
fibre optics is occurring, primarily for high-traffic "trunk" lines between major

cities. However, widespread use is not expected before the end of the century.

In the US, thousands of new stations could result from new rules for low-power tv
stations (LPTV), that use weak transmission signals to reach audiences within a
small radius. Microwave telecommunications are another means to send signals:
also in the US, a delivery technology called "Multipoint Distribution System'
(MDS) uses microwave to send omini-directional signals within a small radius
(i.e., a few miles). MDS has been used for data transmission and for. pay tv.

However, these delivery systems have not been authorized in Canada.

Industry Perspective and Regulation

Telephony, Broadcasting and cable-tv are not only technologies, but are also

A
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industries, and despite technical capabilities, industry interest will be required

for any information service to occur. ' -

All Ehree industries in both Cangda and the US have shown some interest in new

information services during the recent flurry of international promotion of video-
tex and teletext. This interest, however, is tempered by the uncertain profitabil-
ity of such ‘services, and computer learning has never ranked high in videotex/tele-

text circles as a potential money-maker.

Several provinces have 'communications authorities' that broadcast radio and tv
services, and these broadcasters can be expected to be involved in computer learn-
ing. Ontario's DECA has been outstanding to date.12 However, the only signific-
ant commercial interest linking the telecommunications industries to computer
learning presently in Canada is the planned downloading of LOGO over cable.

NABU Manufacturing Corporation, :an Ottawa-based company that makes computer-prod-
ucts for cable technology, has acquired partial ownership of LOGO Computer Systems

Inc., and will download LOGO in pilots this year along with video games.

Yet the cable industry faces the most difficult policy situation of any of the
three major industries. 'The CRTC (Canadian Radio-=Television and Telecommunica=
tions Commission) has characterized cable as a "hybrid" industry, positioned
between broadcasters and telephone carriers. Like broadcasters, it originates
certain types of content (e.g., community programming), but like a carrier it re-
distributes services originated by others. Over the years, the cable industry
has been tightly regulated in Canada, in order to "integrate' it with minimal
damage to the broadcasting industry}3 Leading Canadian cable companies channeled
their energies into the de~regulated US market where they now offer a wide range

of tv and information services.

Meanwhile, in Canada a lengthy debate on the role of cable has persisted. Should
cable be treated as a carrier and regulated as such? If new services are offered,
who should provide them? Cable operators argue that they need some control over

what mix of services are offered to their subscribers. The regulatory issues
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are most troublesome with new information services, where the rationales of the
past do not apply, and where the cable industry may be in competition with the
telephone industry. At present, the CRTC has approved a period of experimenta-

tion by cable in new computer-based information services.14

However, ﬁhe CRTC is not the sole governmental player involved in defining the
role of cable. Several times in recent years the Department of Communications
introduced legislation to Parliament which would have dealt with this question,
and at present a "bréadcasting strategy" is under development which proposes
changes in the status of cable. Also, it is likely that some transfer of regu-
latory control over cable to the provincial level of government will occur in
the next few years. This has been urged by most provinces,15 and it is gener-

ally acknowledged that federal jurisdiction does not extend to many new cable
activities.

Thus the regulatory status of cable is clouded by a number of factors: the un-
certainty of the CRTC's position towards information services over cable; the
indefinite state of federal legislation or other directives from the Department

of Communications; and a probable shift of some responsibilities over cable to

the provinces.

Microcomputers “

Microcdmputers are the highest profile type of hardware in computer learning at
present, due to their increasing popularity in schools. This growth in schools
is only part of a generally prosperous time in the microcomputer world, as "pers-
coms" (personal computers)‘a;e being bought and used for many purposes in large
corporations, small businesses, and homes. The consumer perscom market and the

education market for microcomputers are discussed in Chapter Four.
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There are literally hundreds of microcomputer manufacturers, but
three have dominated to date in the educational market: Apple,
Tandy. Radio Shack, and Commodore. All three are US manufacturers
with divisions in Canadao16 Also, "Apple-derived" systems are

sold by Bell and Howell.

The microcomputers used in schools are standard models, with the
exception of the Bell and Howell units, which include some protect-
ive features so that the machine will stand up better to classroom

use. The "Canadian Educational Microcomputer” (CEM) proposed by

- the Ontario Government is unique not only because it upholds

Canadian manufacture, but also because it would be a computer

system designed specifically for educational use.17

Falling prices and technical advances are the norm of the computer
world, and all aspects of microcomputer technology are evolving
rapidly. For example, memory capabilities are increasing. At
present, a 32k or 48k18 memory is common student computers, while
64k is usual in home or business systems. However, systems with
256k memory are beginning to appear. Also, the power of the
computer is increasing: in most current microcomputers, the
Central Processing Unit processes 8 "bits" at a time, but 16-bit
machines ﬁill probably predominate in a few years, and 32-bit

machines are also near at hand.
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In addition, computer enhancements are multiplying, such as special peripherals

(for music, for example), better colour graphics, and special "chips" for speech

capabilities, as discussed in Chapter Two. Microcomputers are also being com=-

bined with videodiscs.

While advances in hardware have proceeded at breakneck speed, software (including
educational software) has lagged sadly behind. Chapter Six discusses problems in
the microcomputer software marketplace, such as incompatibilities between differ-
ent hardware systems, and cdpyright infringements that appear epidemic from a
commercial viewpoint. Also the shortage of software reflects the early hobbyist
history of microcomputers, which were bought by people who intended to do program-
ming themselves. Only recently have a few applications identified a market and
met its needs: the Visicalc business applications package, for example (made by
Personal Software Inc.), has been hailed as the first microcomputer software "gold

disc."

The lack of quality content is the problem most often cited by teachers using
microcomputers in schools. Telecommunications solutions have been proposed, and
"downloading" content to microcomputers is one option that is receiving consider-
able attention at present, to link microcomputers conveniently to remoté sources

of content.

Videodisc Systems

The use of videodisés for education and training is at a very early stage, and

no real pattern has emerged as yet;lgln industrial settings, "multimedia” train-
ing is becoming a catchword, and a number of large organizations have embraced
videodisc technology. Most major CL systems have developed video interfaces. 1In
the educational world, experimental projects have explored the use of micromputer-

controlled videodiscs for interactive learning. Eventually, the marriage of a
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low-cost microcomputer unit with a low-cost videodisc player may  produce a medium

for CL that is cheap, powerfully interactive, and capable of full-video tv.

. A videodisc system consists of a videodisc player, a tv set, and the disc itself,

which acts as a high-capacity storage medium for video information with two audio
channels. Each side of the disc can hold 54,000 tv "frames."

A computer learning application using videodisc can mix video segments (such as
narrative sequences, to add interest), video illustrations, graphic illustrations,
or printed text. Each frame can be held as long asthe individual wants to view
it. Thus 20 minutes of videodisc in "running time" (about 35,000 frames) could

equal six to twelve hours of actual computer learning time.

There are three technologies used for videodisc systems at present: the optical
or laser-system, and two types of "capacitance" systems-—all incompatible. (See
Inset 5-8 _.) There are also three general types of interactivity offered by

videodisc systems, depending on the hardware used.

The most familiar videodisc systems are the low~cost consumer or home players being
marketed for entertainment tv. A player could cost as little as $600; however,

it has only a "manual level" of interactivity. The learner can use frame numbers
to branch to specifib segments, for instance. Secondly, there are "educational/

institutional players which retail at higher prices ($2000 to $3000 US). These

~players have built-in microprocessors that can carry out a limited number of prog-

ramming functions, such as simple answer analysis (based on a single piece of in-
put), and automatic branching. Thirdly, a vidéodisc player can be interfaced with

én external microcomputer, greatly increasing its interactive capability..

Using a microcomputer to control a videodisc player allows full-scale computer
programs to be written to control the presentation of material and to store and
analyze student response .data. It élso allows for computer-generated text overlays
and graphics, for fuli alphanumeric input, and adaptive branching (based on the
learner's cumulative performance). - The cost of a miérocomputer plus an industrial
model of videodisc player would pfobably-be several thousand dollars. A number of
educational projects have experimented with this combination. Using a consumer
player, césts would be substantially lower. The OISE is working on a very low-

cost microcomputer that can control a consumer player, and projects that the cost
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Types of Videodisc Systems

.. Phree incompatible technologies are used at present in videodisc systemd, based

on either optical lasers or "capacitance."

Capacitance methods read "pits" (bumps and valleys) on a disc through

‘electrical charges, using a stylus that rides over the disc.

In 1981, RCA began an aggressive promotion of its CED (Capacitance Electronics
Disc) system, SelectaVision, for the home market. A second capacitance technol-
ogy has been developed (by JVC, Victor Company of Japan) called the VHD (Video
High Density) system. While the CED systems uses grooves on the disc to guide
the stylus, the VHD system use$ a tracking mechanism without grooves and thus
can allow the display of still frames, and random access to individual frames

(not possible with the CED technology).

‘The laser -based optical approaches use a highly focussed beam of light to

read information from the disc, with no physical contact with the disc itself.

Both still framing and random access are possible.

These two capabilities are critical for computer learning. "Still framing" means
that a single frame can be viewed for as long as the individual wishes. Random
access means that any point on the disc can be instantly accessed, in contrasf

to the familiar example of a cassette tape, where to arrive at a given point the

player must move. sequentially through the preceding material.
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of the combined unit could be less than $1500--a price competitive with a typ-

ical microcomputer system alone.

The costs of producing content on videodisc can vary widely but will reflect both
the high cost of CL plus the high price of video production. Very different
types of video sequences could be used--studio vs. location, local vs. famous
actors, etc, It could cost from $2500 to $25,000 to make a disc, and the best
rule of thumb at present allows $1000 to $10,000 per videodisc minute.20 (Ten

minutes, however, could be several hours of instruction using stillframes.)

There are also costs to master the videodisc, i.e., to produce the master from
which copies are made. This process costs from $3000 to $5000. Actual repro-
duction of the discs themselves is inexpensive and gets lower and lower as more

. 21 '
copies are made.

The history of the consumer videodisc industry has been brief and stormy. RCA
launched its SelectaVision system aggressively but with disappointing results,
and two formidable proponents of the laser approach (IBM Corporation, and the
entertainment giant, MCA Inc,) dismantled a joint venture after an estimated
$250M investment. Sales of videodisc players have been far outstripped by
videocasette units which allow viewers to record tv programs. Videodisc tech-
nology that allows copying is beginning to appear in office products, but are
not expected for many years in'lowerwpriced players., Meanwhile, the experience
with instructional "how-to" video casettes sold at the high price of $60 to
$80 in the home market has not been encouraging.22 Still a vision persists of
a mass consumer market for CL on videodisc,.in which so many discs are made so

cheaply that upwérdly—mobile‘advertisers might subsidize instructional mater-

ial.

The market for institutional players has been more sedate. General Motors
launched the use of videodisc for training in 1979 when it purchased 8000
industrial players to be used in over 6000 dealerships, to train salespeople,

and mechaniecs, and to give presentations to customers. Ford Motors has also made

- — -( -
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a bulk-purchase of videodisc players. IBM is another prominent industry video-
disc customer, using videodisc to teach customers how to operate small business

computers in over 50 Learning Centres.

In education, several exemplary videodiscs have been made for high school and
post secondary levels, almost all with NSF support. At the elementary level the
Corporation for Public Broadcasting in the US has funded a number of discs. The
only commercial available educational videodisc to date is the "Kidisc" (made by
Optical Programming Associates), a disc for consumer players that teaches such
activities as pig-latin and Irish jigs. However, a major project called SCHOOL~-
DISC (a combined effort of the ABC television network plus a national association
of classroom teachers in the US) has set out to produce twenty one-~hour element-

ary-level videodiscs for commercial sale.

In Canada, videodisc has been little used to date. The Ontario Institute for’
Studies in Education has a major project using videodisc for skills training (for
machine lathe operators), and in Alberta there are several videodisc projects

23 The OISE has focussed on the
development of videodisc technology, and the lathe videodisc will be followed by

underway for training at the post-secondary level.
a series of discs on diverse topics.
Conclusions

Though the age of the microcomputer is upon us, the importance of networking and
telecommunications remains, There is an emphasis today upon the need for compact

units with both standalone capabilities and easy communications.

This brief overview of delivery technologies has two implications for industrial
policy. TFirst, r&d and exemplary projects should give attention to new ways of
deliver ing content, such .as videodisc, new forms of downloading new media, etc.
Secondly, telecommuhications policy should encourage experimentation and new

ventures. There is a tendency in Canada for telecommunications policy to hold
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back new media in order to protect existing chosen instruments of cultural policy,
or (as in the case of the cable industry), to let a state of regulatory indecis-

ion prevall in a way that frustrates industry planning to no purpose.
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FOOTNOTES: CHAPTER THREE

1This is discussed in Fisher (1982). Various systems allow from 8 to 127
units to be networked, using up to 8 disc drives, and pefhaps making use of _
higher capacity hard disc technology. However, the freedom of students to work
with whatevér discs they want is limited,

2PLA.TO is described in Chapter Five and MECC is described in Appendix IV.

3INC Telecommunications will deliver software digitally by satellite to
220 public radio stations, who will then "piggyback" the software on their

regular broadcast signal,

4$27.5M will be spent by government during 1981 and 1982. Previously, about
$10M was spent by government, matched by some $30M in industry. The government
has supported field trials, conferences, and a special program to stimulate
industry by providing matching funds for the purchase of terminals.

5The OECA (Ontario Educational Communications Authority), in cooperation
with the Department of Communications, began a Telidon and Education project in
1979. (The content was modest: teachers created small "lessons" or games with

the help of OECA staff.)

®prahan, J.W. and Godfrey, D. (1982).

7 Ihid.

8The-band width of a telephone line is approximately 3 kHz (kilo Hertz),
and a kHz is 1000 units of frequency or cycles per second. A single tv channel
is 6 MHZ (Mega Hertz) and a MHZ is one million cycles per second. Most cable
systems have a capacity of 300 MHZ. New systems in the US are using 400 MHZ

cables, and in some -cases are laying more than one cable.

- 9In the U.S., cable franchises are awarded at the local level by city

councils, while in Canada licenses are granted by the federal government.
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lOFor example, the Vancouver system owned by Premier Communications Ltd.
(itself owned by Rogers Cablesystems Inc. of Toronto), is upgrading to
24~channel capacity, with a goal of 35-channel capacity by 1985.

11There is a major project ‘at Videotron Ltée, in Montreal to establish a

two-way high-speed transmission network, and a number of other major systems,
including Rogers Cablesystems Inc., are planning two-way experiments.

12 ' . . . . .
The OECA has carried out its "Telidon and Education" project using both
broadcast tv .signals and telephone lines, and has other projects relating to
CL as well, See Appendix II1I, desecribing provincial activities in CL.

13In particular the "importation'" of US signals was restricted, as it ‘was
felt this would "fragment" the audiences of Canadian broadcasters who were
carrying out a cultural mandate in providing Canadian content. Pay-tv was
delayed for many years for a similar reason.
14At the end of 1978, the CRTC authorized a two-year period of experimenta-
tion in "non-programming" services, which was extended at the end of 1981. 1In
1981 it also approved a set of applications by major cable companies for such
experiments, (CRTC Decision 81-919, p. 920.)
15Quebec has opposed federal jurisdiction over cable, communications, and
culture for decades. In the prairie provinces, telephone companies are crown
corporations who wish to control cable techmology as one technical means among.
others to meet provincial telecommunications needs. Also, both B.C. and Ontario

have challenged federal jurisdiction over pay-tv.

6Tandy”Corp., based in Barrie, Ontario, is 2 division of Tandy of Fort
Worth, Texas; Apple Canada Inc.,jof Toronto, is a division of Apple Computer
Inc., of Cupertino, California; and Commodore Business Machines Ltd., of Toronto
is a division of Commodore International Ltd. in the US.
'17See Appendix III. The educational design would ineclude ergonomic con-

siderations, i.e., high-quality user interfaces, and other features.
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18One "k" of memory equals 1024 "bytes." A "byte" equals eight "bits,"

and a "bit" is one digit in a binary number. It takes eight "bits" to rep-
resent a single alphanumeric character (i.e., a letter or a decimal number).
"A", for example, is represented by "1000001" in binary form. All computers
work with binary numbers,

1QSee D'Antoni, S. (1982) for a review of current use of educational

videodiscs.
20
Greg Kearsley (1982).

lFor example: Sony of Canada sends a premas&er to facilities in Japan
at preformat costs from $2500 to $3000, plus replication costs from $20 (for
300 &iscs) to $35 (for 25 disecs). 3M Company in London, Ontario charges
similar prices and uses a US facility. Educational Research Institute of
B.C. (1982), p. 44,

22Kalba Bowen and Associates (1981).

23Educational Research Institute of B.C. (1982), p. 45,
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CHAPTER FOUR THREE MARKET AREAS

This chapter discusses three potential markets for computer learning: education!7
(in schools and post—secondéry_institutions); training, where industry or govern7
ment trains the workforce; and a "consumer market" where individuals seek '
learning and training on their own imitiative. w}
There are a number of difficulties in discussing these three markets for CL.
First, there is a scarcity of data about CL itself. The period of significant
growth in computer learning has been brief, and few figures are available

for the use of either hardware or software.

Secondly, the markets for computer learning are not well understood. Training,
for example, is expected to provide the most opportunity for CL in the neﬁt
few years. Yet there is little information about industry -expenditures on
training by traditional methods. The consumer market is the biggest question
mark-—-the most difficult to predict, and possibly the largest in dollars over
time. CL in the perscom (personal computer) market is like a newly discovered
species; it is difficult to even attach a name. Furthermore this species is
evol&ing rapidly, in an environment of consumer purchasing which is highly

unpredictable. TFree—-form types of learning such as LOGO's turtle geometry

‘are closer to play than to didactic teaching, and sudden fads may well occur.

At the same time, the established institutions of education and training are

being affectedAby change. In schools, there is little sense of the eventual
impacts on the education system itself thgt will result from the advent of
powerful computer learning tools both within schools and in homes. Post-secondary

institutions are straining under new demands:for continuing and part-time
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education. Individuals are turning to the higher education system not only to
enter formal programs with set curricula but for courses that interest them
or that help them to develop careers. Learning as an informal process of
self-development is increasing, and is breaking out of the traditional patterns

for which the education system was built.

Training meanwhile has become a controversial topic. It is expected that
massive training and retraining efforts will be required as computerization
changes jobs and causes employment shifts. But several major reports have

criticized the effectiveness of training in the past by government and industry.

Training (or retraining) is becoming a fact of working life--to use new
equipment and new computer tools, to move into more opportune job areas,

to keep up with new developments in specialized fields, and so on. Training

outside of the workplace will become more common, as individuals seek new work

skills on their own initiative or train on their own time with incentives

offered by their employers.

‘Like education,-training too is spilling out of traditional patterns--

and in both cases microcomputers will be there to capture some of the overflow,
offering flexibility within institutions, serving a consumer market for
informal training and education, and creating new types of free-form learning
as well. Computer learning will be known by many names in the future,

and the boundaries of the traditional settings for learning will blur.

The three markets discussed here are broadly differentiated by the way in
which CL products are acquired: whether an educational institution
pro&ides CL to students, whether industry or government supply CL to
employees, or whether a consumer retail purchase takes place. The
potential markets for specific types of applications are not considered.
In some cases an application éould pertain to all three broad markets
distinguished here. Instruction on how to use microcumputer equipment,
-for example, 1s a promising appiications area, and could be variously

directed to educational, industrial or consumer audiences.
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Education has been the maternal marketplace for computer learning, providing
research and development at universities, and sparse but sustaining use in

schools and higher education through CL's weak early years.

Education is also an enormous marketplace. Annual spending on education
represents approximately 8% of Gross National Expenditures, almost all of it
supported by government. Over $28B1 will be spent on education in Canada in
1982, Two-thirds of this money goes to elementary/secondary schools, and
nearly $7B is spent on colleges and universities (Exhibit 4-1). While enrol-
ments are expected to decline in some cases, spending at all levels is

increasing steadily.

Yet today, few in the CL industry in Canada look fondly at the educational scene.
Despite its attractive size and the prospect of policy influences by provincial
governments that could aid Canadian suppliers, the educational market is problem-

atic.

Microcomputers in Schools

More -than one CL supplier has done some simple arithmetic about micros in schools.

Exhibit 4-2 gives some sample calculations. In mid-summer 1982 there were some

EXHIBIT 4-2
VARIATIONS ON A THEME:
PREDICTED SALES OF MICROS IN SCHOOLS IN CANADA

.Erediétion : no. of units estimated unit cost ~ total sales
one for each classroom . 75,000 $2500 S200M
1/10 of US market (1985) 100,000 R £1800 ‘ - 8180M
1 micro for 3 students (by 1990) 1.5M s1000 - $1.5B

) _— s 500 . $750M
1 micro per student ) . 5M - s 500 ' $£2.5B
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EXHIBIT 4-=1

EXPENDITURES ON EDUCATION. IN CANADA
CELEMENIZRY/SECONDARY, COMMUNITY COLLEGES AND UNIVERSITIES)

(sM)
1979-1980 1980-1981
elementary/secondary 13,399 15,192
post secondarys:
community colleges 1,611 1,796
universities 3,948 4,360
5,559 6,157
518,958 $21,349

‘Source: Statistics Canada, Catalogue No. 81-220, Advance Statistics

‘fn 'Education 1981-1982, p. 25.

1981-1982

17,254

2,026

4,827

6,854

$24,108

50.

1982-1983

19,000

2,225

5,319

7,544

$26 ,544
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EXHIBIT 4-3
EDUCATIONAL STATISTICS (ELEMEM-'ARY/SECONDARY AND POST-SECONDARY)

-

no. of micro- ratio: % growth no. of col- :
no. .of computers . students in 6 mo. leges and enrolment no, of enrolment:
schools enrolment (estimate)* .to micros perlod Universities (full-time**#*) uﬂlV&rSltiES full-time part-time

L nC. ’ ’, 1890 537,000 1050 . '5Q500/1’ 75% 19 18,160 | 6 31,890 15,430
 lberta 1465 451,000 1000 . 45071 33% 18 18,080 5 31,500 13,630
' saskatchewan 1050 210,000 600 350/1 115% 3 2,440 ' 3 14,740 . 9,040
fani toba - 825 217,400 500 450/1 na 8 . 3,630 7 16,590 11,860
mtario 5020 1,882,700 5500 350/1 30% 30 81,400 21 161,800 89,800
Juebec. 2840 1,189,300 250**  4700/1 na 83 133,600 7 91,700 100,700
lew Brunswick 487 151,700 300 500/1 na 9 2,000 | 4 11,520 4,100
jova Scotia 614 184,200 500 375/1 43% 14 3,000 . 10 18,570 6,280
GBI 74 26,400 100***  205/1 200% 2 " 780 ‘ 1 1,300 . 700
lewfoundland 661 146,000 50 3000/1 na 6 2,330 | 1 7,420 3,680
rotal ‘ 15,027 5,017,300 9850 - - 192 265,420 65 387,030 255,720

*March 1982. Linda Fischer and E. Brown, "Science Education and Computers in Canadian Schools," a report prepared fbr
1 Science Council Workshop (Toronto: EHL Research and Evaluation Group, March 1982).

#**Interview with Tom Rich, Department of Education, July 1982 ‘ ' “,
bk » Ministere de 1'education du Quebec, 1982.

*k*ttPart-time enrolment figures not availlable.

Other Sources: Statistics Canada Catalogue 810220, Advance Statistics .in Education 1981-82, Tables 1, 3, 7 and 8.
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10,000 microcomputers in schools in Canada, representing a hardware invest-
ment of $20M, most of it made during the last year. After years of slug-
gish growth, purchase figures for computers in schools are soaring. The
number of units has grown at rates of 30% to 115% in a six-month period

across Cahada (Exhibit 4-3).

In the US, a recent survey found some CL use in over 50% of all educational
institutions, compared to 157 six years ago. This increase was due mainly
to microcomputers. Use of computers in 95% of public education institutions
is expected within 5 years.2 Another study predicts that sales of micros

in schools (which amounted to nearly 100,000 in 1981), will grow to 250,000
by 1985, and that 1 million.units will then be in placea3

Education is under provincial jurisdiction in Canada, and provinecial govern-
ments support 66% of the costs of elementary and secondary schools.4 How-
ever, the purchase decision to buy a microcomputer is taken at the local
level, by school boards or school divisions. The microcomputers favoured

to date have been mentioned earlier, made by Commodore, Radio Shack, Apple
Computer, and Bell and Howell (who market an Apple unit with a few enhance-
ments). Thus all systems bought by Canadian schools are US—made——there has

been no Canadian contender as yet, In total numbers sold, Commodore mach-

.ines dominate due to their popularity in Ontario., But the mix of systems

wvaries from province to province, and in some cases (such as B.C. and

Saskatchewan) Apple is preeminent.

~Generally -three incompatible systems are in use within each province, making

the market a difficult one for a would-be software publisher and causing head-

aches for educational planners.
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Though purchase decisions are locally made, théy can nonetheless be affected by
provincial policy. Later chapters discuss the procurement policy steps taken
within each of the provinces, including Ontario's plan to nurture the development
of a CEM (a Canadian Educational Microcomputer). All policies, however, are only
facilitory: a ministry may devise means to encourage the purchase of certain

systems but exerts no final control.

Thus the CL market in schools is often described as "fragmented." Three incom-
patible systems in use fracture the market for content suppliers. Hardware sales
occur in a pilecemeal fashion from a suppliler's viewpoint, as one or two units

are bought by individual school boards for a few thousand dollars. Meanwhile a
number of provincial policles are: encouraging patterns in hardware purchases

that differ widely from province to province. Education mirrors some Canadian
polifical realities: there are'tén different provincial approaches, and the mar-

ket is divided because of language. In Quebec alone there are over 1 million

French—-speaking students.

In the US, as in Canada, three incompatible systems predominate (Radio Shack,
Commodore and Apple), and there too the market i1s one where schools make lécal
purchase decisions. Market size, however, is vastly more attractive: over
100,000 units were sold in 1981, a figure which dwarfs Canadian sales of some

5000 units in the past year. Apple Computer Inc. alone has sold 50,000 micro-
computers to schools, half of them in the last year.

Despite this market success, Apple is seeking to bolster its position in schools,
New compétitors are vylng for a share of the growth curve in CL, including
Atari Inc. There are some 250 microcomputer manufacturers today and many could

be interested in the educational computing boom. Apple has offered to donate a

-mihrocqmputer to .each of 104,000 schools in the US, if certain tax conditions

can be ar;canged,5 Their reasoning runs as follows: d1if a school has an Apple,
it will buy Apple content; it will then tend to buy more Apples that can also

use the same software. Meanwhile, content suppliers will make more Apple mater-

ial. The game hinges on incompatibilities between microcomputers that -do not

allow content to be shared.
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" The hardware market"is:clearly a highly competitive one. Most market informa-

tion on CL in schools discusses hardware sales, and while bulging new software  °
catalogues are evidence that more and more firms are supplying educational soft-
ware, there 1s little data avallable on content sales. Software costs now total
about.$375 for the average personal computer system, compared to average hard-
ware costs of $1600 (US),6 and the proportion of software to hardware costs

has been rising steadily as hardware costs fall and the computer world pays more
attention to applicatioms. There is a growing demand for packaged software in
education as more and more teachers want to use microcomputers but don't want

to write computer programs themselves., In-CL, the computer is essentially a

vehicle for content: the more content, the better.

Softwafe for CL applications is the centre of the educational market and the lack .
of good material is deplored iﬁ both Canada and the US. Many hardware purchéée decisior
are swayed by the availability of good material for a specific brand of microcom=— )
puter. Pressure is beipg exerted upon provinclal governments by teachers to

organize content supply through clearinghouses, and user groups are making ef-

forts to share content and set up libraries. The shortage of applications. is

a major problem.

This would seem to be a seller's market. Furthermore, Canadiaﬁ content supp-"
liers could look forward to the kind of preferential treatment that has made
textbooks the only category of books in Canada where more is spent for Canadian
products than for imports.7 But content suppliers face several problems, in-
cluding the tendency among teachers to copy diskettes and the Incompatibilities,

that break up the market.8

Thus, from an industry viewpoint, the school market for CL in Canada is less
than -attractive ._despite .the rapld growth.of microcomputers. Meanwhile, the US

market is in .a state of feverish development as competition among hardware
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suppliers heats up, and content suppliers respond with new products as the num-
ber of machines increases. The ease with which hardware and content camn be

imported in Canada adds to the difficulties faced by a Canadian company.

'post-secondary education: Fformal programs

There are over 250 colleges and universities in Canada, as Exhibit 4-3 shows.
Each province has a ministry resﬁonsible for post-secondary education and alloc-~-
ates both federal and provincial money to post-secondary institutions; however

the links between government and institutions are complex (as Exhibit 4-5 suggests)

and post-secondary institutions operate in an independent manner.

" Formal programs in post-secondary education include students pursuing university
degreés, and students in colleéeé and institutes who take either "university

transfer" or "vocational/technical" courses. The 600,000 full-time post-second-
ary students in Canada may seem a small group compared to the ranks of 5 million

school-children. Other factors, however, add weight to the post-secondary mar-

ket. First, there are hundreds of thousands of part-time students.9 Secondly,
post-secondary education is expensive: while the average expenditure per stud-
ent in schools is about $3400, mofe than double thils amount is spent for the
average student in a university910 and sales of post-secondary textbooks total
nearly three—éuarters of the sums spent on elementary-secondary books (as
Exhibit 4-4 shows).

EXHIBIT 4-4
CANADIAN DOMESTIC BOOK MARKET 1979 (ESTIMATES)
Total Market: Canadian Publishers + Imports

Sales
Elementary & Secondary - Professional & Technical
Textbooks . $132.3M Books . $43.1M
Post=Secondary Scholarly Books 11.4M
Textbooks R 89.2H4 -
Trade Books . General Reference 96.2M
_ (General Readership) 241.9M

Statistics Canada ‘67601, Ciltural Statisticds {1979)
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Post-secondary computer learning in Canada, however, has had almost no
profile, and there has been little of the excitement that has marked the

past years of rapid acquisition of microcomputers in schools.

The weak use of computer learning in colleges was recently examined in
Ontario, with the following conclusion: "Many colleges face a dilemma:
they are very much interested in using computer assistance in the teaching
process, but they need an environment that will help them start."11 .
Recommendations were made for a provincial advisory committee on CL, re=-
gional resource centres, funding and coordination of courseware, and ré&d

in the newest technology.

A few universities and colleges stand out in the use of CL. The University
of Alberta, for example, has been offering full-length courseware for some
years, and a major project in Ontario developed six semester-length tutor-
ials that have been extensively used.12 As these two examples suggest,

CL at post-secondary levels has tended to use large computers to support
multiple'users, who work more often with "courseware" as opposed to smaller
pieces of "lessonware." This model of CL more closely resembles the use of
computers in training settings than in schools. Course topics have included

math, chemistry, accounting and electricity,

There is a second important aspect to computer learning in post-secondary
education besides the extent of usage. It is in post-secondary institutes
that the expertise that will be needed by a Canadian CL industry must be
built. Students must find courses, projects and teachers to learn how to
design and program CL content. Expertise in CL is in short supply and for
this reason, the desultory way in which coﬁputer 1earning takes place in

most colleges and universities is unfortunate.



EXHIBIT 4-5 " ‘
POST-SECONDARY EDUCATION FUNDING: B.C. EXAMPLE

- ¢

fEderaZmoney*
+ provincial$ i as recom-
mended by:

Ninistry of ; Co
. Universities, Universities --to universities
“‘*”"} Sciences & Council o
Communic’ns ,
as rec'd by: for:
; Ministry of Academic a) Univ. transfer programs
Education Council’ b) much- of careerégech’Y . . ==to universities
_ grams =
cﬂ some vocational programs . :
as rec'? by: 5 forf <:___m%angogg;£s in‘a gourse
Occupational vocational -=-to colleges . R
) 'Trainipg programs and Institutes 1nggsggg gong E%
Council ) § zger ?ps wie
as rec'd by: S for:
Ministry adult basic ed, --to colleges Manpower program:
Standing english as a 2nd language, and institutes <§——'C0E=I°C. buys seats
Commi ttee . jetc. ’ in a course
General Interest
continuing ed. -~no public support;
courses at colleges student fees are
and institutes expected to cover
costs
at School Boards: r
aduit basic ed.
and general
interest continuing
ed.
*Established Program Financing *Canada FEmployment and N
arrangements (See Appendix IT) Immigration Commission
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" Potentially, a college or university could both develop computer-expertise and

at the same time immerse the student in an environment where computer use is
ubiquitous. The University of Waterloo has something of this character: its
area of specialty is computer programming, and the campus is stocked with over
1000 terminals and microcomputers. Going further, a few US universities are be-
coming computerized showcases: Carnegie Mellon University plans to have a micro

for each student, administrator, or faculty member by 1985, linked together by

- telecommunications networks that extend into residences and off-campus as well,

At present, however, computers on campuses in Canada are seldom used by those

outside ‘the computer programming set.
trends in post-secondary education: the walls come down.

Formal programs in post-secondary education are the traditional pattern of higher
education. TFor decades studénts have enrolled in degree-granting regimens of
study and attended classes on campus on a full-time basis. These programs are
still popular, though there is a tendency for students today to eschew general
arts aﬁd sciences degrees and either turn to career programs within universit-

ies, or head for practical training at other institutions.13 There are, however,

- new trends in education which are exerting pressures on the old institutions.

Part-time education has increased dramatically, especially at colleges and
institutes.la» There has also been an immense growth in "continuing education"
pursued out of learner interest as a leisure activity, or as a means of self-
development to acquire new work skills. In Ontario, for example, in 1979 over
one-half of 200,000 part-time students at universities were taking non-credit

courses. Informal education or "Continuing Ed" is now becoming a recognized

1
form of higher education.
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This trend relates to Canada's increaéingly educated population:

The baby boom combined with the post-secondary '"boom" of the
sixties plus an Immigration policy that encouraged the highly-
educated to come to Canada resulted in an almost fourfold
increase in degree-holders (from 1961 to 19771.16

This educated populatilon has characteristic ways of spending its leisure time. It
to watch tv less, for example, and goes more often to libraries, museums, art

galleries, and so on.17 And iIncreasingly people are viewing informal education

as a lelsure pursuit.

Secondly, people are taking courses to improve their work skills. Skills require-
ments in many occupations are rising, 'and new occupations (especially involving
computer skills) are coming into vogue, while opportunities are diminishing in
more established areas. Changing skill requirements are causing massive train-
ing efforts on the part of government and industry. At the same time, informal
'trainihg is'also'op the rise. People are going to classes on their own initiat-
ive to increase theilr jbb securlty and mobility, to adapt to a changing labour

market, or to do work that is of greater interest to them.

As a result of a highly educated society and a flexible work world, people are

being drawn to the educational system for individual reasons motivated by self-
development or "self-actualization." Learning for self-actualization often oc-
curs in a flexible way, without benchmarks for admission, success, or failure.

It is de-institutionalized learniﬁg, pursued according to individual choice

—-an activity that is close to the consumer market for CL.

There are many irreplacable elements of the personal classroom setting, such as

academic discourse with professors “and peefs, guidance “and role models, and a

ten

social environment that often forms lifelong attitudes, interests and ties. In certain

circumstances however, and for certain squeéts, the computer may be apt.
Numerous students today are choosing practical career training, which suits
the use of CL more than does an affinity for a liberal arts degree. Also the
growth in both part-time and continuing education indicates increasing demands
for flexibility in time, place and choice of study that computer learning

could potentially meet.




EXHIBIT 4-6
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GOVERNMENT EXPENDITURES ON VOCATIBNAL AND OCCUPATIONAL TRAINING

1979-1980

1977-1978 1978-1979
B $.M
Manpower Training Programs:
federal government ' .618 655 690
provincial governments 167 135 226
| B : municipal governments | - - -
. other sources 22 14 19
.  subtotal - 807 804 - 935
‘Other Vocatiovnal and
Occupational Training:
kﬁﬂ»%f"““w~~»»v~»\£§deral government ‘ 0;73" - 170 145
provincial goverfménts . .~ 50 56 - 42
municipal governments - -
other sources - - 1
sub-total : : 223 226 - 188
TOTAL ' 1030 1030 1123

Source: Statistics canadé, Catélogue 81-208, Financial Statistics of Education,

- Table 25.

W3




. L

vt

.....

- .
E DA 2R
) o ,

R e R =

60.
special forms of education

One of the main features of the computer in CL is that it is indifferent to time
and place of learning. It is also an extremely patient teacher. There are seve-
ral special forms of education where these abilities may recommend the computer

as a learning tool.

For example, the computer has excelled in special education applications,18

where it can be infinitely padtient and allow the learner to set his or her own,
pace. Its potential appears high in basic skills training as well. Distance
learning is another unique branch of education, where solutions to the constraints
of'time and place of learning have been sought for decades using succeeding

waves of technology. Finally, language training is a special problem in Canada,

‘where computers could perhaps meet educational needs. (See Inset 4A).

‘Trainiﬁg

Training'is a major activity in Canada and probably costs government and industry

close to $4B a year. This includes: money spent by government on manpower train-

ing programs and other training supported by government, within the public serv-

ice (see Exhibit 4-6). It also includes training carried out by industry, est-

rimated at $2B, and approximately $600M per year for training within the military.

This figure, however, includes not only expenditures for training but also sal-
aries and wages for trainees, which vary but typically make up about 50% of total
training costs. A further problem in considering the training market is that

'scarcely any information is available about training carried out in industry.

Moreover, the information that exists is complicated by overlaps between govern-

ment-supported training and training supported by industry :Lt:self.l9 Finally,
‘it is difficult to estimate the .degree to which computer-based training (CBT) could

replace standard methods. It has been sﬁggested, for example, that 5% to 50%
of the millions spent on training in the military could involve computers--an

estimate that allows for a wide margin of uncertainty.zo



Inset 4-A

SPECIAL FORMS Gf EDUCATION

Special education: Tboagb the people who

need special education are small in num=-
ber, their education needs are enormo;us
-~the physically and mentally handicap-
ped, the emotionally disturbed, or "prob-
Jem learners” who for whatever reason;
fail to fit into classroom norms. The
retarded, for exa‘mple, need "social
survival skills” such as how to handle
money. The computer bffers patience

and individual pacing.’

Basic skills: 2 lack of basic skills

among a considerable number of working
adulits is a problem in both Canada and
the US. 20% of the adult population In
Canada does not have 9 years of school,
and even those with schooling may be de~-
ficient in basic skills. A large number
of adults need training in basic writing,
reading, and numeric competencies, and
community colleges‘c'onst‘antly offer a sét
of courses for school completion and
academic upgrading. Manpower programs

also train in basic skills.

Language training:

learning languages

is a major activity in.Canada. =”E1'{gli$h
as a Second Language”‘ courses abovund,v' l
primarily to teach immigra’nts basic comp-
etency in Engiish, and learning French is
a national pre—ocqupation among Englisih==
speakers.,-' French is taught in E'nglish‘-
speaking schools across Canada. It is
available, for example, in secondary
schools in B.C.; yet (though it -is acknow-
ledged that the young learn languages best)
Jittle more than half of tbé elementary
schools. in' -the ,province have French clas=

ses. Within the public service, the

61. 4,4' |

Distance education: k1:.snachir1g by correspondencl
began with the arrival of a cheap and reliable

postal system. Various electronic technologie
have followed, including rad.l;o, tv, tapes and .

satellite.

There have been a few outstanding examples of
distance learning.

the Open University in Britain registered 78,0

" working adults, and 33,000 had graduated with

B.A. degrees. (ourses. usually use printed mat

In its tenth year, in 1980‘

erials with some radio, tv, and personal tutor-

ing. The 0OU sells its materials world-wide ancl
d

does international consulting. It has explore

some new technologies (such as videotex), and I
has used audio-vidual systems, including micro-

computers combined with videodiscs or cassettes'

In Canada, the Athabasca University is a modest
equivalent: a non-campus-based university,

specializing in distance learning. 350 students

A recent overview of distance Jlearning iIn B.C.

showed a mixed bag of activities.

were enrolled in 1980. '
There were '

a handful of "distance ed" students at element-
ary/gecondary levels; a few thousand, at three
universities; and some 3500, at the B.C. Institll
ute of Technology (almost entirely using print)
The Open Learning Institute (a provincially- '
funded organization for distance ed) had 7500
course enrolments in 1981. "Introduction to l
Personal Computing,” a very popular course, pro-
vides a microcomputer to each student for a mod‘
est deposit (and lets the student purchase the
unit later at a reduced price).  The Knowledge
Nétwork of the West (KNOW) provides an educa- l
tional tv channel by satellite, available over
gable~tv. Colleges and institutes provide

three types Of programs. on RNOW: formal
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phrase "gone on French leave" has been
familiar for years. Some 2300 public
servants were trained in French this
year, while over 600 French-speakers

took English courses.

"telecourses," "telaservices" (general inter-
est programs, with no registration), and live
interactive programs where a tutor is availabl

by phone.
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Much greater sums are spent yearly on education than training, but marketplace
conditions for training are much more attractive than in the educational world,
and training is viewed as the most opportune market for computer learning today.
The typical pattern for computer-based training consists of a major purchase of
hardware and authoring software ﬁsing systems like CAN and TICCIT,21 followed
by a substantial course development effort. While there may be uncertainty
about the total potential training market, it is clear that large organizations
can find computer—based training cost-effective. CBT typically reduces training
time by 30%, and given that emplbyees are paid while training, this represents

a substantial cost saving.

This section describes how training is done by government and industry. However,
this is only part of the training that occurs. There is also an inestimable
amount of "invisible" training, as individuals take "continuing ed" training
courses at post—-secondary institutes on their own initiative, Training and re-—
training is becoming a common part of working life--to upgrade skills and keep
abreast of new developments, to shift to more opportune areas, and to pursue

more interesting work.

In addition, another type of informal and invisible training comprises a cert-
ain market as well: training in the use of equipment. Computer equipment pro-
vides the best example. People have to learn to use new equipment and require
instruction to do so. Some manufacturers of large hardware systems are includ-
ing training software packages with hardware purchases, and independent entre-

preneurs are marketing software packages teaching how to program microcomputers.

Thus training, like higher education, is outgrowing models of the past and in-
formal training is becoming more common, both within organizations and outside

them as an individual pursuit.

industrial training supported by the federal gévernment

Industrial training is a complex activity to describe. ‘It occurs on the job,
within classrooms "on site" at industrial settings, or in educational institu-
tions; and it is variously supported by industry, by the federal government, by

a provincial govermment, or by some mixed involvement of these three parties.




EXHIBIT 4-7
FEDERAL INDUSTRIAL TRAINING PROGRAMS
o M " :
« ‘ . 1979- 1980~ 1981-
TRAINING PROGRAM o . 1980 1981 1982
.. Praining through industry: ‘
Critical Trades Skill L , ‘ . :
L_T':aining (CTST) ‘ .9 7.5 26.7
Canada Manpower Industrial -
‘Training Program (CMITP) 101.3 1l06.1 111.0
Training through institutions: ' o
Canada Manpower Training Program ‘
seat purchase expenditures 345.9 395.0 419.9
Unemployment Insurance .
for trainees ' : 137.3 '157.8 166.3
other trainee allowances -84.2 103.6 105.7
. 567.4 656.4 692.1
TOTAL —
cMTP -
CANADA MANPOWER TRAINING PROGRAM 1980- | e
: ' ' . _1.?_8_1 . . Expenditures Trainees
Job Readiness and Work Adjustment U ety e o ——————————
Orientation . ) S 13.4 ' % <SRl
Language : - 41.4 //AZ/A e . VA
Apprentice _ . \ ‘ 55.5- Aporentice
Basic Trade Skill | ‘ I
Development ‘ : - 51.5 S TNl
‘ ’ 8TsD ’
Skill Development 204.6 :
' Skill
- ToTAar ‘ - 366.4
Source: Employment and Immigration . Course Purchase ‘ Trainees

Canada (1982), Economic Council t . . Expenditures
of Canada (1982) ) . :
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To begin with the role of the federal government, the Canada Employment and
Immigration Commission (C.E.I.C.) will spend over $1B next year om technical
and vocational training. On a per capita basis, govermment spending on voca-
tional tfaining in Canada is among the highest in the world. Exhibit 4-7

shows expenditures on training programs in the past three yéars.

Two major programs allot momey to firms to encourage training within industry
(see Imset 4-B). But the bulk of C.E.I.C.'s money goes to the Canada Manpower
Training Program, to "buy seats" in training classes for unemployed individuals

and to provide them with financial support while training,.Z2

The_workings of the Manpower Training Prggram are a knot of federal and prov-
incial involvement, reflecting a jurisdictional split in responmsibility. All
seats in training classes purchased by the federal government are bought
through provincial intermediaries. This can result in some awkwardness in
curriculum planning; there is no way for the federél sponsor to support a .
course directly.23
The provincial role in training differs from province to province. To take the
case of B.C., the province itself supports a $4.5M Industrial Training program
that gives money to employers, and also has much smaller programs for women in
non-traditional trades and the training of disabled persoms. The province also
administers apprenticeships, monitoring the quality of training and the terms

of employmen’t.24

Thus the federal govermment has supported an enormous amount of classroom train-
ing through its-ﬂanpower Training Program buf, because of a federal/provincial
split in jurisdictiom, it has no comtrol over curriculum development. It would
Tequire considerable arranging;-for example, ‘for the Manpower Program to imstig- ~

ate the use of computers in training.

training supported by industry

There is very little information available about the extent of training that
occurs within industry, and even less -about the sums that are spent. The incid-
ence of training programs in industry has been studied in recent years by the

Economic Council of Canada in a project on the supply of skilled labour. While
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classrooms "on site”, or in an Institution (if the employer arranged for a course

' TRAINING PROGRAMS: SUPPORTED BY THE FEDERAL GOVERNMENT

The-industriél training program$ supported by the Canada Employment and Immigra-

tion Commission (CEIC) are of two sorts. Two programs (CMIPT and CSTP) allocate

money to firms themselves to encourage industry to train, while a third (CMPT)

buys places in educational institutions for unemployed individuals.

A. Training Through Industry

The Canada Manpower Industrial Training Program (CMIPT) reimburses an employer

for training costs and pays a share of the trainee'’s wages. The employer is

responsibie for carrying out thé‘training, which could be done on-the-~job, in

to be offered). The intent is to give seed money and encourage employers to train

The Critical Trades Skills Training Program’ (CTSP) is a- recent program that

also works through industry, to help employers train workers in skilled trades
in short supply. It reimburses employees for training and pays all or part of

wages for up to two years. This program has been expanding steadily since it
was established three years ago.

B. Training Through Institutions

The Canada Manpower Training Program (CMTP) is iﬁplemented through institutions:
the federal government "buys seéts” in classes in provincial colleges and insti-
tutes or in private training courses. Most trainees on this program are refer-
red through Canada Employment Centres and are jdﬁless. In addition to paying
for training, the federal government either pays'Unemployment Ihsyrance Bene-

fits or a training allowance to the trainee.
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the Council's report laments the "paucity of data on training in industry," it

can nonetheless draw on the results of a large survey it conducted in October
25
1979,

This survey found that over 60% of the responding establishments had carried out
some form of training in the past year. (See Exhibit 4-8.) As could be ex-
pected, large companies tended to train more. Only 20% of the programs cited

used government aid.26

As to costs of training, "this is a subject on which virtually no information is
available, at least within the public domaiﬁ,"27 Only 347 of the survey res-
pondents provided a figure for costs of training, and there were wide variations
between occupations, between firms, and between methods of costing. The most
expensive training was for blue collar workers, which tended to be of long dura-
tion (52 weeks or over) and tended to mix both classroom and on~-the~job instruc-
tion. The average cost per trainee for product fabrication and repair was
$15,700 (with variations from $1000 to $50,000 per trainee), while a four-week

clerical course in the classroom cost an average of only $411.28

Drawing partly on this survey, and partly on estimates from C.E.I.C., it is est-
imated here that some $2B per year is spent by industry on training.29 It is

clear that more information is needed on the training done by industry in Canada.

This picture of training says little about the potential substitution of CL for
traditional training means. CL is undoubtedly groﬁing: a survey carried out in
1980 in the US found that computers were used for training in 21% of 113 compan-
les contacted, compared to a figure of 107 in an earlier study in 1978.30 Much
higher figures are found among large corporations.31 Also there are trends in
training that suit :the use of CBT. First, .there is a worldwide trend towards
more off—the—job training.32 More and more training is done in classrooms as
opposed to on-the-job, through'introductory trades schools, or through class-
room training for employees. Secondly, there is a trend to "generic skills
training," an approach that groups together skills common to a number of occupa-
tions. For example; B.C. is replacing pre-apprenticeship programs with training
modules that teach basic principles in "generic clusters," such as mechanical
trades, electrical and electronics, and so on. Generic training can then be

followed by specialized instruction in further classes or on—the~job.

N
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Source:

EXHIBIT 4-8 N

TRAINING IN INDUSTRY
Results of an Economic Council Survey (1979)

The Commitment to Training in Industry
(percentage.of establishments reporting training)

5%

The Training Effort by Size of Establishment
(percentage of establishments reporting training)
™™™ Any training
b With programs of at least 1 year
. : — 100%

50

Gordon Betcherman (1981).
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Training has become a much-discussed topic recently because of an apparent
failure of present methods to meet skill needs. Broad changes in the economy
(including the widespread use of hew technologies) are exerting new demands omn
the labour market, workers displaced by new technologies must be retrained, and
at the same time there is a shortage of skilled manpower in many occupations.

As Chapter Seven discusses, training has become a policy matter, and the govern-

ment role in this market area is considerable.

advantages and examples of CBT

While the demand for training is increasing, training by traditional methods is

- becoming more expensive. Costs to a corporation include instructional staff

and materials and wages for employees. As wages rise, so does the cost of train-
ing. At times, workers being'trainéd must be replaced on the job, at additiomal
expense; and if trainees travel to instructional centres in another city more
expenses must be added. The main advantage of Computer-Based Training is that

it typically reduces training time substantially. Accepted conventional wisdom
in the industry estimates that learning time can be reduced by 30%. Also, the
student/instructor ratio can be increased. Third, simulation can be used to re-
duce the use of expensive equipment by trainees. Further features of CBT include

the delivery of training in locations outside of training centres, and the abil-

ity to give training at any time.

Thus Computer-Based Training makes "bottom line" semse. B.C. Tel, for example,
is a company with large training needs, and spends $12M a year training its em-
ployees. One of its most popular courses is Digital Logic, the basic course
taken by employéés in dealing with computers throughout B.C. Tel operations.
Over 250 students take this course at a cost to the company of $1M a year.
-Converting the-course to computer:form reduced the time needed to train from
ten days to five days. Course .development costs amounted to $175,000, and equip-
ment costs for a T¥CCIT system that supports 20 terminals were $500,000. Thus
at least $375,000 is saved per year (more if students complete courses quicker),
and the system will.pay for itself within.ghree years.33 In fact course com-
pletion is faster than expected and within two years the savings through the

system may have exceeded its cost.
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B.C. Tel's digital logic course is an example of '"generic'" training that has a
market outside of the company that created it. Telephone companies worldwide
use similar technology, and the B.C. Tel Education Centre has been exploring
the possibility of selling both its training course and the TICCIT system itself
on a domestic and an international basis.

There are ndmerous other examples of major usey of CBT. (See Inset 4~C.)
Pilots at United Airlines train on a flight simulator (supplied by CAE Elect~
ronics Ltd. of Montreal) that is so real they sometimes emerge shaking from a
simulated head-on collision. - The simulator costs some $10M but is still only
a fraction of the cost of a real airplane and can be operated at one-tenth the
cost.34 IBM has used computer simulation in its executive management training
program for a number of years,‘35 Digital Equipment Corporation distributes
computer-=based instructional paekages to its traiping centres for management

instrdction, technical training and customer education. Holiday Inns, Inc.

_uses computer simulations of hotel operations to train managers in business

planning and financial forecasting skills, There have been experiments with

the use of computer simulations for nursing in Quebec.36 The large Credit
Agricole bank in France has used micro PLATO for self-paced training and
computer based training is being used in nuclear power plants in France. There

are countless examples of CBT, and the list is expanding.

The military is a special case, as in the US various military agencies have
been catalyst users of CBT, stimulating the development of new technologies
such as interactive videodisc. In Canada, however, while the armed forces
have experimented in a small way with CBT over a number of years, this has not
resulted in significant support for computer learning, and more recently, a

major CBT contract for military training was awarded to a US firm.

Most CBT examples discussed here exemplify the mini-computer or mainframe com-
puter model of training, where multiple users access central computer resources.
A new trend is also beginning as microcomputers diffuse in small businesses and
within large corporations. It ﬁas estimated (in 1981) that some 750,000
business persons were using microcompdters.37 A recent survey of 160 large

firms- found that 507 of the. companies responding were using computers to train,

_dhd that 71% of these inéluded the use of microcomputers.38 While the capacity

pf mlcrocomputers is st111 11m1ted (and simulations, for example mlght exceed

smicrocomputer capaclty), ‘an 1ncrea51ng use of mlcrocomputers can be expected

and eventually packaged software products will evolve.
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EXAMPLE AREAS FOR COMPUTER BASED TRAINING (CBT)

the military

The US military has been a driving force in the use of CBT. Its training needs
are enormous: $10.5B will be spent on the training of individuals in Ffiscal

year 1982. " Flight training alébne accounts for neérly 81.5B, at a cost per student
hour of over $330,000. Specialized skills training costs $2.3B, at an averége

cost per student hour of $3400.*%

The U.S. military has been noted for its support of new technologies in instruction.
It has in particular developed the use of simulation, and instructional video-

disc. There have been transfers of technology from the military to private
sector, and expertise has'bﬁilt up in specialized CL firms. Videodisc is now
being used for basic skills training. The military has also supported research

-in voice technology, and Artificial Intelligence.

The training needs of the military in Canada are much more modest but are still
substantial; $600M was budgeted for 1981/1982.** The Canadian Forces-trains over

12000 persons in over 120 trades per year.

The Canadian military has made some use of computers for training for nearly a
decade. It began investigating computers as a medium of instruction in 1972.
From 1975 to 1977, the CF (Canadlan Forces) undertook a small CBT experlment
which proved successful, but "unfortunately, no plans had been made to exploxt
the program's success," and it was suspended.*** In 1978 one of the CF's train-
ing schools became interested in CBT, and a test course was used that reduced
the time-required for classroom instruction by 30% to 60%. The study was ex-
panded to include six more courses, and the National Research Council selected
the training school as the test for its prototype NATAL system. The design and
authoring of the test courses, however, have proved lengthy and little use of

CBT has occurred- as_yet.

*Brian Walter (1982).
- **pDept. of Supply and Services, Defence 81 (1981).
***J, Belanger (1981), p. 25.




M

: !
e -

{

-

7

-

i

73.

<.

In 1981, a flurry of interest erupted in computer circles when Canada purchased
137 F~18 fighter planes from McDonnell-Douglas. 1500 hours of computer-based
instruction training for these planes was required, which would have meant an
infusion of $25M to $50M to a Canadian CL firm. The outcome, however, was dis-
appointing: a division of McDonnell Douglas in the US received the training con-
tract. Neither historically nor at present has the military in Canada played an
"engine® roze<in cL development. The US contract, however, was conditional: .
i1f after one year, progress was not satisfactory, a new request for propoéals

will be issued and Canadian interest in the project is still alive.

Training in the Federal Public Service

"The cost of career training activities attended by employees in the federal pub-
lic service in 1980-1981 was $153¢6M.* This includes $70M for participants’

salaries, and was a 39% increase over 1979-1980 spending. 22% more individuals
underwent training in 1980-1981. Most training is provided by departments them-

selves, and "technical and professional" categories account for over half of all.

training courses.

In addition, the Public Service Commission spends over $29M a year in official
language training.** In 1981 there were over 2300 public servants studying

French for four hours a day, while 659 people were studying English.

airlines

Airlines have been early users of CBT. Air.Canada has used PILATO with new
flight simulatioﬁ equipment, and several US airlines have used computer-based
training with varying results. British Airways, which employs over 50,000
people at 350 locations,-adapted 3500 terminals to be used for a 90-hour course
training staff in booking reservations. The terminals were also used for day-
to-day work. The system cost approximately 6{30,000 less per year than tradi-

tional training methods and so paid for its development costs. (The course took

*Treasury Board of Canada Secretariat (1982). This figure comprises the
major expenditure on training. There is in addition language training and sev-
eral small programs such as "eduqational leave.”

#*pyblic Service Commission of Canada (1981), pp. 40, 109.




§

B B AN )

‘-’-'—v—-
. , 1

tr

|a!¢v"
‘e Tl

>t

—
i
'

=
i
i

m Sl Tl

r .

X

——— -
H

74,

«

two man-years to prepare.) The course has been marketed to a number of other
airlines, including CP Air, and the purchasing airline can also acguire a com-

plete working reservations system.
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The Consumer Market

The "consumer market" for computer learning consists of learning outside of
either educational institutions or organizations which train employees. The
actors in this market are individuals who make choices for self-determined
reasons. Computer learning in this market is associated with "perscoms''-=
personal computers, available for pefsonal uée° This is a retail market in

which packaged CL software will be acquired.

Sales of microéomputers generally are multiplying prodigiously and show the most
rapid growth in the computer industry. 865,000 units worth a total of $1.4B
were sold in the US in 1981, a 707 increase over the previous year°39 Sales of
microcomputers in Canada were over $100M in 1981, and are expected to reach
$250M in 1982.40 These sales figures include equipment bought for small
businesses and for home use, and these two types of purchases have been often
confused. It took some time for microcomputer manufacturers to realize that
the hobbyist market they first targetted was a small one, and that small busin-
esses were buying the bulk of their systems. The proportion of microcomputers
sold for "home/hobby" use is about 14%, rbughly equal to those sold for educa-
tion, and far smaller than the 607 figure for small businesses,41 However,
more computers may actually be available in homes: some small businesses

are located in residences, and business people can take small computers home
from the office. There is also a tax incentive to claim that a microcomputer
is bought for business rather than personal use.

The use of CL by microcomputer owners has been scant to date, and discussion of
CL in this market is speculative. At least three types of computer learning
appear probable: practical instruction, both for small businesses and in the
home; and in the homé market, informal learning and free-form learning (con-

ceptual learning creations that are close to play).

To consider small businesses first, the most evident immediate area for CL lies
in instruction in using the microcomputer itself, Markets for practical instruc-
tion also seem likely, in generai apeés (such as incorporating and operating a
company, for instance), and in industry-specific areas as well. Instruction

could be combined with a functional application: a tax package, for example,
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could both provide instructions and explanations and carry out the calculations

required.

In the home market, most indications are that little educational use has been
made of the computers bought to date, despite the fact that manufacturers tout
educational software as an uplifting aspect of their products. Apart from

hobbyist programming, computers in the home are mainly used for computer games.

The advent of applications such as LOGO's "turtle graphics'" may change this,

The turtle's world is one of "learning without teaching" and LOGO emerged from
years of serious research on how children acquire concepts. As an entertaining
activity LOGO is fun but, as ATARI and Apple are careful to point out, it is
also "educational." So far the way in which LOGO mixes learning and fun is
unique; in time other such créations will doubtless follow.

Consumer purchase patterns for fun and entertainment are highly unpredictable.
Each individual makes a purchase decision for inscrutable reasons--interest, the
presﬁige of being among the first to buy something new, conformity to buy some-

thing because everyone else has one. Once a product takes off, these individual

. decisions can amount to astronomical sales figures. In an early example of a

computer learning success, buyers flocked to buy handheld "Speak 'n' Spell"--

a spelling game sold at $75 apiece.

The market for video games is an example of the rapid growth of a new technology.
There are more than 8 million game player units in the US, and new models are
now selling for some'$200 with some potentiél to be upgraded and perform simple
computer fuﬁctidﬁs. Game software retails for $20 and up, and while Atari dom-

inates there are rags—-to-riches stories of companies whose sales rose to $50M

~within 18 months, . Money spent on video games includes both the purchase of

game cassettes and the mountains of quarters spent in arcades, and estimates
vary from $7B to $20B. Space Invaders and Pacman alone have generated $3B

in revenue.

This is the volatile type of market in which educational games, "learning with-
out teaching," or smart toys for learning will find themselves. Anything is

possible.
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A second aspect to the home market is more down-to-earth. Most people at
various times need practical "how-to" instruction to accomplish specific tasks.
The sales of "how-to" books could provide some indication of the demand for
such material, but unfortunately such books are not segmented from general
book sales. Instructional books have become much more visible in the past few
years (books on tax tips and legal advice can now be bought in supermarkets),
and publishérs such as "Self Council Press" are flourishing.43 Statistics
Canada figures hint at a major jump in this market in recent years.44 Video-
cassettes of how-to material, however, have done poorly; but at $70 a cassette

their cost has been high,45 How-to material must be cheap and easy to get.

The delivery of content by telecommunications{éould be convenient in the home
market . Also, advertisers could eventually lend a hand in the costs of "how-to"
materials, subsidizing contené software if it relates to their products.

Eastman Kodak, for example, could sponsor a photography lesson if an inexpens—
ive medium was available. The QUBE cable-~tv system in Columbus, Ohio has ex-
plored various mixes of how-to material plus advertising, called "Infomercials."”
Enormous sums are spent on advertising in the consumer market, and advertising

amount to 1.2% of GNP in Canada (higher in the US).

Finally, a further aspect to the consumer market relates to informal education
and training. Statistics in post-secondary education discussed earlier showed

a trend for individuals to take general interest types of courses as “contin-

uing education,"

skills.

or to take courses on their own initiative to develop work

There are millions of highly educated individuals in North America who want

intefésting:wayS'to spend their leisure time. These could include how-to mater-

‘ial to help with hobbies, -and general background about history, art and travel,

studying languages or studying any subject that takes one's fancy, from callig-

raphy to the secret life of plants,

Outside of the formal education world, what. do we classify as learning? Informal

learning and training will increase and new kinds of learning games and. toys

will appear.
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The education~system will find that powerful and engaging learning tools are
proliferating both within its walls and outside of them. LOGO is an early
example of software that is being marketed both for school use and for home
computers. Meanwhile more people are coming to educational institutions not to

follow set curricular programs but to choose courses as they want them, in a

.pattern resembling consumer purchasing. Training is also breaking out of old

patterns, as people take work-oriented courses on their own. As the micro-~
computer begins to be used to meet new demands in education and training, often

the education, training and consumer markets will merge.
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FOOTNOTES: CHAPTER THREE-

Statistics Canada, Advance Statistics in Education 1981-1982. This figure

includes expenditures on elementary/secondary schooling, community colleges and

-universities (Exhibit 4-1), Govermment supports over 92% of the costs of educa-

tion in Canada.
2Frost and Sullivan (1982).

3Predictions by Creative Strategies International. Cited in Kearsley, G.,
and Hunter, B. (1982),

In addition to provincial funds, local taxation accounts for 27% of school
suppoft; federal govermment for 2.67%; and fees and other sources for 4.1%.
(There are a small number of federally-supported schools.) Statistics Canada,

Catalogue No. 81-208, Financial Statistics of Education, 1979-1980.

5See Appendix IV,

6Financial Post, February 27, 1982,

In elementary and secondary school textbooks, in 1979, Canadian publishers
reported $91M net sales out of total sales (including imports) of $132M. 'Text-
book sales are the second largest category of books in Canada, next to "trade
books" or general readership books, which account for sales of $24M, Statistics

Canada, Education, Science and Culture Division (private communication).

8Chapte'i'fSix discusses these questions further.

9Statistics Canada does not collect figures on part-time students at

colleges and institutes so total figures are not available.

1OThe average expenditure per university student is $7500, assuming that a

part-time student costs as much as a full-time student.
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llThorne, Stevenson and Kellogg (1981), p. 4, repbrt to the Ministry of

Colleges and Universities.
12At the University of Alberta, through the Educational Research Services
Division, over 26,000 hours of instruction have been given yearly to some 650
students (Hunka, Steve, 1982). In Ontario, the "Individualization Project"”
involved the Ontario Institute for Studies in Education, which developed course-
ware; the Ontario Colleges of Applied Arts and Technology; the Ontario Ministry
of Colleges and Universities; and the National Research Centre. A number of

Toronto-area colleges, some with multiple campuses, now use this material.

3Statistics Canada,Advance Statistics in Education, 1980-1981.

%4In B.C., for instance, several years ago part-time and full-time enrol-

ment in colleges and provincial institutes was roughly equal. By 1979-1980,
full-time enrolment had risen slightly (to 18,000), while the part-time figure
doubled (to 30,000). (B.C. Post-Secondary Enrolment Statistics 1979-1980). In
Ontario colleges, there are over 500,000 part-time registrations compared with
92,000 full-time enrolments. (Ontario Ministry of Education, "Continuing
Education: The Third System,”" (1981).

15This term is used here to refer to studies and training outside of for-
mal programs. Other terms, such as "permanent education" or "lifetime learning"
are also in use. (See Ontario Ministry of Colleges and Universities, 'Continuing
Education: The Third System," 1981).

16Numbers rose from 353,000 degree holders in 1961 to 1,272,000 in 1977.
P icot, J. (1981), p. 31. ' ’

171bid., p. 58.

18 gee Footnote 2, Chapter 2, above.

19"A further complication is that in several programs government pays a
share of an employee's wages to a firm where the employee is being trained, but

that this share of wages varies from program to program.
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20Globe and Mail, October 12, 198l: "Computer-Aided Learning becomes a

$5 billion Market."

N

21

CAN and TICCIT are major computer learning systems described in Chapter 5.

Manpower training includes the development of specific skills (mainly in
clerical occupations, product fabricating, assembly and repaif constructions and
machinery-related trades). It also includes the classroom component of prov-

incial apprenticeships, academic upgrading (Basic Skills Development), and

several other programs (Exhibit 4-7).

23See Chapter 7.

Support for apprenticeéhip is complicated: besides their on~the-job

" training, apprentices also take classes in institutions, and this component

of training is supported by the federal Manpower Training Program. Employers

could also seek provincial money for the on-the-job portion of training, through

B.C.'s Industrial Training Program.

Economic Council's "Human Resources Survey' sent questionnaires to 4012
firms across Canada in all industries except public administration and agri-
culture. There were 1354 respondents., See Betcherman (1981, 1982).

»

6Economic Council (1982), p. 84. These tended to be longer programs for
blue collar workers.

275 et cherman (1982), p. 58.

28.Ibid.

291n 1980, C.E.I.C, estimated that its share of tréining in industry com-
prised about 5% of total industry spending on training (based on a survey of
training in Ontatio). C.E.I.C., extrapolated from this data that training in
industry in Canada cost $2B a year (including the federal contribution of nearly
$100M) .
- The Economic Counc¢il survey, meanwhile,'found that one in five training

prograus in industry had govermment support. This government support would
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roughly equal $100M (federal) plus $225M (provincial--see Exhibit 4-6), for a
total of $335M. If this $335M supported one-fifth of the cost of training, the
total figure would be some $1.7B. However, government programs pay only a
share of employee wages in any training program in industry. The figure should
be higher——pfobably at least $2B.

30Kearsley, et al. (1981).
31Ibid. 507% of responding firms (most of 160 large companies contacted)
were using CBT,.

326, E.1.C. (July 1981), pp. 168; 172.

v

33

also M. Westrum and R. Kellison (1980), for earlier estimates. It was expected

Ron Kellison, B.C. Tel Education Centre (private communication). See

that the TICCIT program would reduce costs per studeﬁtfhour from $23.68 to

$13.82 once the system was operating.

34G1obe and Mail, Dec. 8, 1982.

35Brown, Beth A. (Sept. 198la). This study gives a number of US case

studies, as does Kearsley, 6. (1982b).

36National Research Council (1980).

37 '
See Kearsley, et al. (1981), p. 102.

38

Ibid,

39Dataquest estimates. The Financial Post, Special Report, Feb. 27; 1982,

Joan Feldman, "U.S.. computer markets record good growth despite recession."

40Evaris Research Corporation. Globe and Mail, Feb. 23, 1982.
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Evans Research Corporation. 607 of microcomputers are bought by small
businesses; 117% are used within large corporations; 14% are for "home/hobby,"
and 157 for education (1981). More recently, the proportion of home use computers

may be increasing.

42Business Week, May 24, 1982,

a

43

Self Council Press is a Vancouver-~based firm whose sales doubled to

$1.5M from 1978 to 198l. Globe .and Mail, March 15, 1982.

44The book category that would include how=to material (Entertainment,

Games, Sports, Hobbies) underwent dramatic growth from 1978 to 1979: titles
increased from 117 to 799, and-.net sales jumped from 1.9M to 7.6M. Statistics
Canada, Education, Science and Culture Division (private communication).

45Kalba Bowen and Associates (1981).
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CHAPTER FIVE MAJOR CL SYSTEMS AND CENTRES OF ACTIVITY

Computer learning has a short history: its development began little more than
20 years ago. The early computer industry experimented with teletypéwriters
linked to mainframe computers to train personnel, and by 1960, IBM had made the
first authofing language. By 1963, pioneer work was underway in the academic

world, at Stanford University.1

Many early CL ventures fell by the wayside, and several large corporations (such
as Time Life and General Electric) began CL projects that were soon abandoned.

CL development was sustained by research efforts at a handful of universities

and by public sector support. All of the major systems described in this chapter
are the result of a long procéss of r&d that in most cases was supported by
government., R&d took place in education institutions or govermment labs, and

commercialization followed.

Each of these systems described here represents a distinctive approach to com-
puter learning. PLATO, the earliest system, embodied the timesharing model of
computing that prevailed when it began, linking geographically dispersed term-
linals to a mainframe computer over telephome lines. In contrast, TICCIT (funded
by the NSF at the same time as PLATO) began as a local wideband network with a

small number of terminals.

NATAL is a powerful authoring language developed by the National Research
Council in Ottawa as a solution to difficulties in sharing CL content. It was

felt that the key to the problem would lie with an authoring language that would

-be widely used and implemented on a number of different machines. The lab gest-

~-ation of NATAL, however, has been slow and it has yet to appear as a commercial

product. CAN is another Canadian-made system, created at the Ontario Institute .
of Studies in Education. CAN's development has been driven by use, as the OISE
supplied content and hardware for several CL projects in Ontario. Honeywell

Ltd. has acquired the rights to market both NATAL and CAN.

SMALLTALK is the sole private-lab undertaking among this set of publicly-

éﬁpported projects, a unique long-term research effort supported by Xerox

Corporation, aimed at the production of an easy-to-use book-sized computer by
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1984. Finally, LOGO proponents make up the philosophical vanguard of computer

learning, expressing a new vision of the computer as a tool for conceptual

learning,

SMALLTALK and LOGO are alike in that :they take non-traditional approaches to
learning, emphasizing fun and creativity and the use of the computer as a tool
under the learner's control. PLATO, TICCIT, NATAL and CAN systems, on the other
vhand, are similar in that they have been developed for standard computer learn—

ing, to convey specific knowledge and skills. (Similar applications could be

-mritten in the . authoring languages.of each.system;..they would, however, be in-

compatible.) -All four were first oriented to the educational world, but have
followed a trend towards the more opportune training market. Also, all four
systems have required mainframe or minicomputer resources, though in recent

years some microcomputer capabilities have been added.

This chapter discusses the industrial setting for computer learning, introducing
the main CL systems of the day and the major centres of CL activity where they
have been developed. It also describes the growing interest of publishers in
microcomputer software production. Finally, it discusses the international
context for CL in terms of both competition and opportunity.

Six Major CL Systems
PLATO (Programmed Logic for Automated Teaching Operations)

PLATO is a complete computer learning system, with its own hardware and software
(including the TUTOR authoring language). It is remarkable among CL systems for
its bank of thousands of hours of content built up over the years, and for its
network approach, by which users around the world are connected to central

sources of content.

PLATO development was underway as early as 1961, and its history involves the
University of Illinois, Control‘Data Corporation, and the National Science
Foundation. In 1972, after a report on "Factors Inhibiting the Use of Computers
in Education," the National Science Foundation awarded $10M to the University of
I1linois for PLATO development‘(and $6M to TICCIT as well). Over the years,
Control Data Corporation (CDC) shouldered a substantial burden in PLAIO develop~
ment, investing some $800M. Since 1976, CDC has marketed PLATO worldwide.
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Today the University of Illinois and CDC offer independent versions of PLATO.
The Uniﬁersity offers academic content to subscribers with a research interest
who tend to be involved in CL development themselves.2 Control Data is concen-
trating on vocational and professionally-oriented training courses, and has
over 6000 terminals in place, serving some 100,000 users. CDC has a world-
wide telecommunications network with more than 20 centres in the US, Europe and
other countgies. A large user of PLATO could alseo purchase its own CDC CYBER
computer (at a cost of some $2M). CDC also operates over 100 PLATO learning
centres, where individuals can pay to use PLATO for training, on a course-by-

course basis,

In Canada, there are PLATO systems at the University of Alberta,3 the Univers-

ity of Quebec, and at Control Data Corporation in Toronto.

Despite fhe~1arge number of PLATO terminals in use, PLATO has yet to turn a
profi; for CDC and the company expects no financial gain before 1984. The main
problem has been that PLATO is expensive. Time-sharing over distances is costly,
as .is the special féuch—sensitive plasma screen that PLATO uses. Rental of a
PLATO terminal to conmnect with Control Data costs over $1300 a month, and even .
if a terminal is bought, the yeérly subscription fee to the PLATO network is
some $11,000. Contfol Data has now developed a microcomputer (MicroPLATO)_and
is converting online materiai for use through floppy discs. Yet costs are

still considerable, as the PLATO microcomputer is priced at over $7000 US.

TICCIT (Time-shared Interactive Computer-Controlled Information Television)

TICCIT's history began in the late 1960's at the MITRE Corporation, (a non-

Profit research organization in Virginia), and in 1972 the NSF awarded $6M to

- ~»gtimulate TICCIT development. . The .goal was to create a commercially feasible

system for computer-based instruction using "off-the shelf" hardware that was

- compatible with existing tv technology. The result was a system capable of
‘handling up to 128 terminals attached to a central minicomputer, using modified

colour tv sets as display devices. Wideband coaxial cable is used to connect

the individual units to the central computer and allows instant respomse time.
In 1976, Hazeltine‘Corporation acquired the commercial rights to market TICCIT
systems, which are sold as "turnkey" systems including both hardwaré and

operational software.
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The cost of a TICCIT system (using 20 terminals, a Data General minicomputer,
and modified Sony tv sets) is high: approximately $500,000. TICCIT has also

recently developed a standalone unit using the IBM personal computer for deliv-

A

ery of courseware.
While PLATO marketing emphasizes access to a library of content, TICCIT highiights

easy authoring, with both an authoring language and an Authoring Procedure that

.includes a built-in course.structure. The learning.process has been designed for

. training, and is structured to' feed the learner rules, explanations and tests. The

learner sets his or her own pace and an Advisor makes suggestions.

TICCIT has mainly been used in US military applications and some educational set-
tings at the college level. The Education Centre at B.C. Tel (The B.C. Telephone

, Company) in Vancouver has become a major user of TICCIT for industrial training.

Its outlook toward TICCIT is entrepreneurial and it has plans to market its own

courseware to other telephone companies, and to market TICCIT systems as well.

NATAL, (National Authoring Language)

NATAL is an authoring language whose development began a decade ago, as

a solution to a perceived problem. In the early seventies, a number

of languages and machines were being used for CL and content sharing was
impossible. 'NATAL's goal was a standard language which could be implementea on

a variety of computers, to permit the transfer of content from one place to an~-
other. The National Research Council formed a special body, an Associate Com-—

mittee on Instructional Techﬁology (ACIT), which in 1972 issued functional

- ~gpecifications for.a CL pfogramming language. . Ease of use, language portability,

and the ability to communicate with different kinds of terminals were emphasized.

Thus NATAL was designed as a high-level language to increase a programmer's pro-
ductivity and to create transportable content. Fewer lines of code are requiréd

to produce a CL application. Through NATAL the course author produces a detailed
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course design, and the burden of executing this design is. transferred as much as

possible to the computer. NATAL does not, however, offer a predetermined course

structure or template at this time.

A NATAL prototype was first implemented at NRC using a DEC computer. The next
phase of development began in 1979, with the award of a PILP project to Honeywell
Ltd. (PILP is the "Program for Industry Laboratory Projects," a vehicle to trans-
fer technology from government labs to industry). Honeywell was charged with a
number of tasks to commercialize NATAL, including: wupgrading the DEC prototype

to commercialustandards,_implemen;ing NATAL - on IBM hardware, and implementing

NATAL on the Honeywell Level 6 minicomputeru5

NATAL is still operating on a test Basis, using Honeywell and DEC systems, and
an implementation for large IBM computers is nearly completed. A general re-

lease has been predicted by the year's end. ©

However, the Honey&ell system required to use NATAL is a costly one. Hardware to
support 16 to 20 users will probably cost at least $400,000, while the NATAi
software would cost a further $50,000 or more. In respomse, two approaches are
being taken. First, within the NRC, a microcomputer is beiné adapted to act as

a standalone delivery system for NATAL. This microcomputer could draw on a

library of content, online or downloaded and executed from a floppy disc.

aneywell has also been exploring the idea of time-sharing. Two Ontario univ-

ersities and some industrial clients are now using NATAL by connecting to Honey-
well's computer, Also, remote "author services" are available through a national
time-sharing service. Honeywell is also thinking in terms of centres which could

manage the development of content by ipdépendent authors, and offer a databank of

content, - These ideas -are -reminiscent of ‘PLATO's approach, using time-sharing and

access to a pool of courseware. NATAL has an advantage in that it can use many
kinds of terminals—-a legacy of the early vision of NATAL as a widely-implemented

system,
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Honeywell Ltd. is a subsidiary of the US firm Honeywell Ltd. (U.S.), which also
owns part of the European firm CII Honeywell Bull. While a Canadian hardware manu-
facturer might have been preferred, no Canadian firm makes the size of computer
that NATAL requires. From the NRC's view, Honeywell has offered the possibility
that its Canadian company could become a centre for computer learning in the large
Honeywell complex, acquiring world product mandateé within the Honeywell group.
Honeywell also has the necessary money to sustain NATAL's growing pains and to

launch major marketing campaigns——as it has done with CAN, discussed below.

At present, besides Hdneywell's operations and work in the NRC lab, a number of

. .centres.across -Canada are linked to the NRC computer, -at-the University of Victoria,

for example, and the Canadian Forces Base in Trenton where several NATAL courses

are being developed.
CAN (Completely Arbitrary Name) '

CAN today comprises an instructional system, made up of CAN-8 software plus hard= -

ware manufactured by Honeywell Ltd.

Work on the CAN language began in 1967 at the Ontario Institute for Studies in Edu-
cation, with the original aim of developing an easy~to-use authoring language. The
CAN language is now used for general programming purposes, and the CAN operating
system supports other software functions in addition to content authoring. The main
CAN software at present includes: the CAN-8 Authoring Language; EASSy (Educator
Automated Authoring Systems), a content creation facility that generates either
CAN-8 programs, Telidon databases, or a program master for optical videodisc; the
CANNET network processor, a communications system that links CAN-8 computers; and

GAP, a Graphics Authoring System. °

- Because CAN has been used for actual content -development -projects in Ontario over the

years, considerable CAN content is available. The Individualization Project, for
example, produced a number of college level courses, and a project in Ontario second-
ary schools created CL material for over 30% of interméﬁiate mathematics curricula.
This content can now be acquired on a commercial basis from OISE. The ability to

network by telecommunications between differént campuses has also been emphasized.

The rights to market CAN in Canada and the US have been acquired by Honeywell Ltd.,

‘and CII Honeywell Bull will market CAN in Europe. CAN-8 and its software options are

-implemented on.the smaller of the :Honeywell Level 6 minicomputers, and a system -to

support 128 terminals would cost about $100,000.
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Thus Honeywell (which will also market NATAL), holds the rights to-the two major
computer learning systems developed in Canada. Though complementary market
strategies and product development may be sought; to a considerable extent Honey-
well is handling two competing systems. So far, NATAL has not been a commercially
available product and is being tested in Canada only, while CAN-8 has been mark-
eted in the US and Europe with encouraging results. Eventually, the queétion of
competition'between these two systems will arise.

CAN and OISE are a major nucleus of CL activity in Canada. A significant

event-some years ago was the shift of CAN-to-the ‘commercial marketplace. CAN-8

- was developed not as the property of ~ OISE, but of HOMECOM Learning Systems

Ltd., a private company.7 HOMECOM then built the CAN operating system for the

" Honeywell minicomputer. While Honeywell's contract to market CAN is with HOMECOM,

it also has a contract with  OISE to promote OISE courseware. Secondary inter-
est in CAN is also springing up: a firm in Ottawa has begun to convert some CL mat-
erial to CAN form, and there has been interest in implementing CAN on a Canadian--
made microcomputer. HOMECOM is making CL content for a fibre optics trial in
Saskatchewan. Meanwhile, OISE continues to be a major centre of CL activity,

particularly moving into videodisc technology.

SMALLTALK

In 1971, a futuristic and long-term research project was begun at the Xerox Palo
Alto Research Center (PARC), to produce a personal computer for the eighties.

This computer was visualized as the Dynabook, a flat notebook-sized package with
highjresolution graphics and. a touch sensitive flat screen. Design work for the

Dynabook proceeded for years as an almost legendary research effort, shrouded in

mystery.

Ten years later, in 1981, thé veils began to liff, and the SMALLTALK-~80 program-
ming system is being released for more general access. A leading figure has
moved from Xerox PARC to Atari, Inc., and microcomputer versions of SMALLTALK

are expected in the near future. Meanwhile, microprocessor technology will soon
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-achieve the power needed for the idea-of the Dynabook, and with advances in hand-

held computers and flat screen techmology, the Dynabook itself may soon be feas-
ible.

SMALLTALK is the programming system designed as part of the Dynabook effort.
SMALLTALK is a unique language in many ways, not least for its underlying
philosophy, which: emphasizes flexibility. Most. computer applications today (for
example, a word procéssing application) provide the user with an easy-to-use prog-
ram, but one which is inflexible-~the user must adjust to the conditions set by
the application. The SMALLTAIK approach is to: encourage 'endless possibilities
and easy toolmaking" whereBy the:user makes his/her own computer tools. Because
the burden of making these toolsifalls upon the user, the system needs to
provide easy and casual means to generate tools and also enough pre-written tools
to get the user started. Thus; for any given application the user makes a kit of
tools (tools for sketching, tools for word processing, etc.), while SMALLTALK

would provide an easy-to—use kit maker."

SMALLTAIK has a number of marks of style which are distinctive. For example,
"icons" (tiny pictures) are often used. These icons could be used to animate
math problems by making pictorial scenarios of the problem to be solved.8 SMALL-

TALK has emphasized interactive graphics and animationm.

More than any other system discussed so far, SMALLTALK emphasizes the active and
creative role of the learnmer. The LOGO project takes this philosophy a step fur-
ther, proposing not only that the computer should be a creative tool for the

learner, but that it should be used for a new form of education entirely.

LOGO

The first instinet of educators is to couple the new technol~
ogy to their old methods of instruction. My vision is of
something much grander. So I dream of using this powerful

new technology not to improve the schools we have always known
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(and, to be honest, hated), but to replace them with something
better. I don't believe that this something will look anything
like what is now known as "Computer~Aided Instruction.” I think
it will be more like the growth of a mew culture, a computer
culture, in which the presence of computers will have been so
integrated into new ways to think about ourselves and about the

subject mattersywe learn that the nature of learning itself will
be transformed.

This is Seymour Papert's vision and he is .the mentor in LOGO development. LOGO
thinking is based on the work of the Swiss genius, psychologist Jean Piaget, who
studied the ways in which children acquire concepts or "powerful ideas." Papert
studied with Piaget, -and then set up a lab at MIT.(Massachusetts Institute of
Technology) in the early 1960's. The LOGO project -is-also one of the few exam-
ples of computer learning -to draﬁ upon developments in Artificial Intelligence.

Its most unique feature, however, is its philosophy.

In LOGO thinking, the emphasis is on learning without teaching, or "Piagetian
learning." The aim is for the learner to acquire new ideas intuitively and not
through formal or didactic methods. With LOGO learning, there is "no threshold
and no ceiling.'" Papert is an iconoclast: not only does the learmer control the

use of the computer, he/she does so without the curriculum, grades or quizzes
that characterize the formal education system. To quote:

In many schools today, the phrase "computer-aided instruction"
means making the computer teach the child. One -might say the
computer is being used to program the child. In my vision, the
child programs the computer and, in doing so, both acquires a
sense of mastery over a piece of the most modern and powerful
technology and establishes an intimate contact with some of the
deepest ideas from science, from mathematics and from the art
of intellectual model building.!

It is a tenet of the LOGO apﬁroach that the computer be under the individual's

- control, as compliant and ordinary as a pencil:

. « o -the pencil has many uses: it is used to scribble, to
doodle, to draw, to write, to work sums, or to chew on. It

is used for illicit notes as well as for official assignments.
I see the computer in the 1life of the child as equally ubiquit-
ous and equally versatile. I also see it as equally personal.
Children own pencils, they are not intimidated by them. This
should be equally true of the child's personal computer.
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LOGO's emphasis has been on young children, as-young as three and four. LOGO
creates "microworlds" for children to explore and manipulate--worlds with active
agents that the child directs, and with processes'that-the child gets to know and
understand. The idea is that within such a world, for example "Mathland" where

1

"math is spoken," one will get to know and understand math as easily as one learns

French in a French-speaking country.

o

LOGO itself is a programming language which is sophisticated enough for adults to

create elaborate software, but which uses natural language and is accessible to

..young .children. for writing progréms-themselves.n At present, LOGO is mainly assoc-

iated with the world of "turtle graphics," through which children explore geomet~-
ric shapes and relations. The "turtle" is simply a small object which is moved
on the screen; originally a mechanical turtle moved about on a magnetized floor

space as the child directed it.

Turtle graphics are a palétte of computer instructions for making geometric shapes,
where the child acts as an artist learning about how shapes work. The individual
uses simple programming instructions to move a "turtle'" on the screen, which draws
a line and thus creates shapes and patterns,12 The child learns about geometry,

about problem-solving and about programming in the LOGO 1anguageﬂ

LOGO software is now being marketed by LOGO Computer Systems Inc., a firm based

in Pointe Claire, Quebec. There is also a LOGO Learning Centre in New‘York,

which is engaged in a Computers In Schools project, funded by the National Science
Foundation, to train teachers in using LOGO. Another centre of LOGO activity is
the Lamplightér School in Dallas,iTexas, a model "school of the future" where 60
LOGO computers are available to 400 children from nursery school age to Grade 4.
There Is a LOGO project in Senegal, and one in Montreal, and a lab still exists

in ‘Massachusetts.. Papert, however, and others in the LOGO group, are now in

France participating in the Centre Mondiale project13 funded by the French

N> M B IBE - BE I EE B R Ba =N




o i . i ~ e jam . 4= .o
ke Bu B EN B BN BN G BN A

—
‘

[ - - -
H

’ —- r‘ - "-
i

94,

«

government ' to develop new approaches to the use of .computers for learning.

LOGO software is available for Apple microcomputers and for Texas Instrument
microcomputers, and "turtle graphics" is available for Radio Shack and Atari
systems. NABU Manufacturing Corporation, of Ottawa, has developed a version of

LOGO that will be offered to cable-tv subscribers this fall in pilots of new

..services, including video~games.14 NABU has also recently bought part of LOGO

Computer Systems Inc.

The-involvement of NABU underlines the point that while LOGO is being
used in schools, it is equally 1ike1y to be used on home personal
computers. LOGO is the first computer learning application that suits
the home market so 1':hOI"Oughly,‘but a computer culture is rapidly evolving

and more will doubtless follow.

There are numerous other CL systems, including CL software offered by major hard-
ware-manufacturers.15 However, computer learning has a low profile in these
companies. IBM has been a unique case, as its "Coursewriter" software was the
first specialized authoring language, but Coursewriter has not evolved as might
be expected. 1IBM has an educational system (Interactive Instructional System),
but did not choose to support the long years of costly ré&d without profit that

have been required in major CL projects.

There has also been a certain amount of interest in CL among general suppliers
of information services to homes and businesses. The Source and Compuserve, for
example, are consumer-oriented computer service companies which offer a range of

services that has included some attention to computer 1earning.16 These
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companies primarily offer online services, but the Source (which is owned by

Readers' Digest) now sees more opportunity in downloading educational content

to personal computers.
Publishers

It takes no great leap of imagination to suppose that publishers could extend
their print activities into electronic form and make software products. At the
moment, however, software publishers perceive a troubled software market for
microcomputers,  fragmented by.incompatibilities and fraught with .copyright prob-
lems. - Nonetheless, -a few are experimenting with software, including CL applica-

tions, and also with videocassettes and discs.

A number of educational and general book publishers have begun to publish com-
putef~1earning software for microcomputers. Apple has signed agreements in the
US with McGraw-Hill Book Co., Addison Wesley Publishing Co. Inc., and several
other publishers. Random House, Inc., is working with Radio Shack microcomputers
and Scott, Foresman and Co. is working with Texas Instrument systems. Milliken
Publishing Co. initially provided software for several types of hardware, but
switched to work only with Apples. Choosing a system in a market with incompat-

ible equipment is a central problem for publishers.

Houghton Mifflin Co., another publisher of educational books, has taken a unique
approach and set up a subsidiary to sell its own complete CL hardware system,

the Dolphin.’ It will then lease customers a software library based on Houghton

Mifflin programs.

Many CL programs may be based on books--using characters from children's books,

. supplying case studies and.simulations to accompany textbooks, and so on. The

importance of print remains and book publishers are well suited to combine the

two media.

In Canada, most publishers are US subsidiaries. McGraw-Hill Canada, for instance,

has expressed an interest in CL publishing, as has its parent company in the US.




" 'Other Centres of Activity ;

96.

«
In the educational world,ACanadian—authored material may be encouraged by policy;
in other cases, the tendency will be to repeat US-created content acquired from

parent firms.

An exception to this pattern is a small Vancouver-based publishing company, Press

Porcepic, which has interest and expertise in CL. The firm will publish a book

. on computer learning (as it has already done for Telidom) and through a division

called Softwords set up specifically for CL it will develop courseware, mainly
under contract to client organizations. The company already produces software
products at present :(such as an.Apple-Telidon-interface) and its founders are

active in computer learning.

\

There are relatively few centres of acfivity in computer learning in either Can- o
ada or the US, and most have been mentioned in the discussion of major systems

above,

In addition, in Canada there are a handful of CL consultants scattered across

the country, some affiliated with universities. Within universities -the Univer-
sité de Qué%ec a Montreal hés a PLATO centre,as does the University of Alberta.
Also at the University of Alberta, there is an Educational Research Division which
has been active in CL-forimany years. Faculty at the University of Manitoba have
developed substantial amounts of CL material, including special education appli--
cations, and the University of Victoria has a CL lab and has experimented with
both NATAL and Telidon. The University of Waterloo, though it is renowned as

a centre of compﬁter programming, has not been prominent in computer learning to date.

At Concordia Universityvin”Montreal,‘theTQuebec.ministry for education has funded
a—major expansion of the Educational Teghnology P:ogramfzand a doctoral program
is to be.offered, with emphasis on tele-education (usiné microcomputers, video-
cassettes and other media to educate over distance), and on industrial and com-
mercial training.. Finally, the Ontario Institute for Studies in Educationm,
mentioned earlier as the cradle of CAN development, offers post—-secondary prog-

rams and is a main centre of CL activity and expertise.
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In the US, several firms involved in computef learning have already been noted,
including Control Data Corporation, Xerox PARC, and Honeywell Ltd.17 A number of
universities have had ongoing involvement with CL,such as the Institute for Mathe-
matical Studies in the Social Sciences at Stanford University. The MECC (Minne-
sota Educational Computing Consortium) is an outstanding computer learning centre,
operating a large educational network that links almost each school and college

in the state to centralized computer - resources. Also a number of clearinghouses
have been established, such as CONDUIT and MicroSIFT. (These'clearinghouses and
MECC are described in Appendix IV).

The US is remarkable for a number of firms specializing in CL products and serv-
ices. WICAT Systems Inc., based in Utah and New York, is a prominent example.
WICAT was founded in 1980 and grew out of a research institute that had worked

in educational technology for many years. WICAT particularly became involved in
the early development of videodiscs (mainly through projects for the US military).
WICAT now combines special hardware, special authoring software, videodisc tutor-
ing, instructional design skills and training analysis, and offers a number of
hardware and software products in addition to consulting services. The company

also operates a non-profit educational institute for curriculum development and

_research, using a "laboratory school” with 120 elementary students.

Courseware, Inc., is another computer learning company that offers a wide range
of CL products and services. Also, the Human Resources Research Organization
(HumR00) in Virginia has specilalized in education and training systems for many

years, It too has worked with the military, including videodisc projects.

After this overview, it can be said that the CL community in Canada (and in the
US as well) has been a relatively small one. Many of the main centres of activ-

ity: that :existed ten years-ago-are still prominent.today. There is a small first-

generation of individuals who began involvement in CL out of interest or long-

term vision, coming from academic or government backgrounds rather than from the
commercial world. Since the late seventies, new entrants have been drawn by the
comnercial opportunities that began to be visible as CL matured, and established

experts have also moved into commercial roles.

o EE W .

‘- I .E N

I T




. - ﬂ‘_-

o "I. .- -I~

i

- -"-.—._‘- -L

i

—

|... o B l..l - -.llf’“‘I.l

-
H

mE .

1

98.

<
The pace has quickened recently. NABU Manufacturing'Corpofation~is one example

of a new entrant, moving first to include LOGO in its pilot of new cable-tv serv-
ices, and then to purchase ownership in the LOGO company itself. The hardware
industry has responded to the Ontario Ministry of Education's. plan to foster a
Canadian Educational Microcomputer. And in answer to the Ministry's call for
proposals for exemplary lessonware (which was directed to "publishers, media
producers, Software developers, educators and others'"), over 500 submissions

were sent. Meanwhile, the department of Industry, Trade and Commerce18 is receiv-

ing an unexpected number of applications for industrial development grants in

. the .area of-computer learning.

Thus, while the CL community in the past has been small, it can be expected that
in the right enviroment, with perceived opportunity, new interests will respond.
The marketplace is increasingly providing commercial opportunity and policies

can emphasize favourable conditions for doing business in CL, -

The international context for trade is generally considered in ‘three

categories: the industrialized countries, the Newly Industrialized

Countries (or NIC's) and the Third World. 1In the past, patterns of trade

in CanadaAhave been wedded to the US and otherwise have tended to lie within the
industrialized sphere. Increasingly, however, it is realized that trade has
entered the era of the global marketplace, particularly in the case of transport-

able information products like computer software.

Many industrialized countries have pondered the shift toward a global marketplace

and concluded that high-tech is a critical growth area, both to capture new op~

-portunitiessand to:avoid the balance -of :payment problems that will result from

being a passive market for imports as high-tech accelerates. As a result, the
competition in new computer-based industries is intense among industrialized
nations, especially in computer hardware manufacturing. Furthermore, many such
countries are adopting a protective attitude as they seek to nurture ihdigenous
industries, While the GATT (General Agreement on Tariffs and Trade) prohibits
tariff barriers, numerous non-tariff barriers are mobilized to encourage indigen-

ous industries.
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These trends have several implications. Most obviously, they make competition
difficult, especially in hardware mamufacturing. Trade is also becoming more
complex, as a firm may have to negotiate with govermment, offer to set up local
plants or make other conciliatory moves to sell in a particular country. Com=
plex manipulations of multinatiomal structures can be expected. 1In CL, educa-
tion markets may particularly be subject to protective procurement policies.

In the high:tech market, specialization, quality, and marketing become extremely

important.,

‘Meanwhile, -the -economies of several newly-industrialized countries are flourish-
ing, and more interest is awakening in these countries as trade partners. There
too, computer industries are being developed. Some countries are making efforts
in hardware manufacturing (including the replication of US microcomputers at a
fraction of the US price). Se&eral are endeavouring to develop software ind-

. - . , . 1
ustries, and have devised policy strategies to support software development. ?

The Japanese too have recognized the importance of software recently, and have
established a software development centre, while software divisions within hard-
ware manufacturing firms are also multiplying. Also, both Japan and France have
taken a "Mega project" approach towards computer development with implications
for CL, funding long-term r&d projects. .(Japan has a massive $400M "Fifth-
Generation Computer” project, and France has a much smaller project funded at

about $20M yearly at the Centre Mondiale in Parise)zo

The Third World, meanwhile, comprise an enormous portion of the world with
staggering education needs. Both France and Japan are cultivating special

perspectives towards Third World use of computers.

The Third World, however, has<a iong-histdry'of-feiled high~techriology ‘projects,
where foreign technocrats, perhaps in cooperation with an educated elite, sell
computer equipment and other advanced technologies which remain unused, or for
which no replacement parts are available. -Cultural sensitivity was often lacking.
In poor countries, such expensive projects were particularly inapt. Third World
countries now are more likely to weigh the appropriateness of imported technol-
ogy, and to resist the one~way influx of cultural goods. Co-operative projects,

eaapting technology and applications to a particular enviromment, may be sought.

_Canada to date, enJoys a relatlvely hlgh reputatlon in the Thlrd World because

it has been 1ess assoclated ‘with such prOJects ‘than other countrles, such as the U.S.
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Third World markets for training are likely to appear first. Importing
technology without training has been a particular problem in the past. Also,
as industry develops, training will be needed. There may also be a demand for
higher education and professional content, for which studies abroad are now
required. In the longer term, general education problems, as basic as 1iteracy,
may be addréssed by computer tools such as handheld special-application devices,

which in a few years time may be technically powerful, cheap and compact.

. In sum, ‘the-market for CL is global,  and trade, particularly with new partners,

should be actively encouraged. Strong international trade is particularly im=-
portant in Canada with its small market and its permeability to foreign products
which must be offset by exports. We especially have a history of being a pass-
ive market for US content, imﬁorting with no balancing export sales. However,

as international trade occurs it must be tempered by some sensitivity in deal-

~ing with Third World markets to avoid the technocratic failures of the past

and to maintain goodwill as these markets develop over time.

Above all, a good trade environment is important. Canadian firms need to oper-
ate within a favourable context of trade agreements. They also need export
market support -that encourages expansion into the international marketplace--
financing arrangements, market intelligence, etc. Building supportive export

conditions for trade should be emphasized in policy measures to advance CL.
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FOOTNOTES: CHAPTER FIVE

1Patrick Suppes, at the Imstitute for Mathematical Studies in the Social
Sciences (IMSSS), began using computers for drill and practice in elementary
math. * o

2Yearly subscribers pay a fee of $3000 and thére are 1300 terminals in
colleges and universities across the US (LINK, July 1982).
3A $2.5M system was acquired by the University of Alberta's Imstructional
Systems Group in 1980. Over 30 courses have been developed and use averages

about 10,000 student contact hours per month.

4

-The IBM unit could be used by a learner to access courseware stored on a
floppy diskette, but could not be used for authoring. The cost of the unit is
approximately $10,000--the price of the IBM plus about $3500 for the TICCIT
capability.

5Brahan, J.W. (1980), "NATAL-74: Concept to Reality."

’ 6"Natal has Emerged from the Lab," Honeywell Ltd., Toronto, Ontario:

June 1982,

7Dr. W. Olivier, principal developer of CAN at OISE, developed CAN-8 as

an independent venture.

8 . . . ‘e
As a sample problem, two trains leave two different locations (at specified

times and. speeds) and are now on.a..collision course. A coatroller notices that

they are on the same track. How much time is there to prevent a crash? The

student guesses the answer, rums the problem, and watches an animated simulation

in which trains, ciocks and odometers are set in motion. (Gould, 1981.)
9 ° . Ao ) ..
Seymour Papert, BYTE magazine, June 1980.

1OSeymour Papert, Mindstorms (1980), p. 5.
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11Seymour Papert, BYTE, July 1980.

12As a very simple example, with four commands one can make a program that
draws a flag shape (send the turtle forward, rotate it 45 degrees, send it for-
ward a shorter distance, rotate it 45 degrees, and send it forward to complete
the flag). By a command that repeats and rotates the entire flag many times, a

complex snowflake-like pattern builds up on the screen.

135ee Appendix IV,

14NABU will sell equipment to cable companies who in turn sell a low-priced

home computer (under $1000) to subscribers. For a modest sum per month (about
$8) subscribers will have access to LOGO or to video games downloaded into their

computers when wanted.

15For example, Sperry Univac offers ASET (Author System: for Education and

Training; Hewlett Packard offers IDF (Instructional Dialogue Facility), and so on.

6Compuserve and The Source (Source Telecomputing Corporation) are computer
services that offer numerous information services to customers with terminals or
microcomputers across North America. Both offer a mix of business, home-oriented
and computer-hobbyist services to subscribers priced at low rates, using packet-
switched computer networks that can be accessed by dialling a local telephone
number. Both have about 15,000 subscribers.

17See Botkin, J. (1980), for an overview of US projects in computer learning.

18Now DRIE, the Department of Regional and Industrial Expansion.

19Wills, Russel M., "Canadian Technological Dependence: Policy Directions

from the Newly Industrialized Countries" (in preparation).

2OSee Appendix- IV.
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CHAPTER SIX DEVELOPMENT ISSUES

The policy approaches taken toward computer learning have been varied, as later
chapters describe. However, all tend to deal with similar questions critical
to CL development. This chapter discusses:

. the cost of content development

. problems iﬁ microcomputer content supply

. incompatibilities -

r&d funding conditions

. detrimental treatment of software as a product

. export marketing capability

Ny Ut BN

. shortage of expertise

These- issues are the central matters in CL success or failure. The first three
are functional matters, problems in accomplishing CL that are encountered at

once by the CL user or supplier. The high front-end costs for the development

of content have always been a deterrent to computer learning. In additién, there
have been a set of problems in the marketplace for content (e.g., copyright
difficulties, disorganized supply channels, incompatibilities). These problems

reappear repeatedly in discussions about computer learning development.

A second set of issues relate to broader industrial conditions. R&d funding has
become a major instrument used by government to encourage industry to invent

new: products, and both short-term and long-term r&d is essential to CL. However,
ultimately industry itself must take responsibility for the commercial success
of a product, and here a new set of problems can arise: extra difficulty in

finding financing when the product is software and not hardware, inexperience

-and -lack of funds.to enter:.export markets, and a -shortage of available expertise

in the computer learning area to supply trained staff.

-~

It is within this context that policy initiatives etoncerning CL are formulated.

This chapter summarizes the ways in which these factors deter the development of CL.

1. Cost of Content

Despite the falling price of computer power, costs of developing CL content re-

‘main substantial. These costs include equipment, software tools, and an extensive



L

r

105.

<

labour effort. It can .easily take 200 hours of development to make one hour of

content, and even with authoring tools, a ratio of 100:1 is considered excellent.

In training settings, almost all content must be custom made, and the price of
content development has been carefully examined. In education, where microcomputers
are used in schools, the situation differs, First, the labour costs of content
creation have been masked by the willingness of teachers to make their own material
without being paid to do so. Second, commercial software packages for microcom-

puters are mass-market products, manufactured in large numbers and sold at low costs.

It appears to be generally felt today that few teachers have the ability, inclina-
tion or time to create excellent materials without reimbursement., Provincial min=-
istries of education have been faced with the faet that, unless schools simply pur-
chase mass-produced packages created elsewhere, the costs of content development

have to be contended with in some wéyo

Thus in both education and training, there is a search for solutions to-the high

solutfons at present include: (1) an emphasis on merchandising content after it
has been deveioped through sales or licensing; (2) the use of expert production

teams; and (3) the use of production centres.

|
Licensing and resale are magic words in CL. 1In education, an emphasis on merch-

andising is part of the more professional and commercial outlook towards content
generally. MECC, for example, seeks SUbscribtions to its content and also mark-
ets individual software packages. In training, even though long-term savings
can justify front-end costs for software development, thoughts may also turn to
further gains«that could be reaped through the resale of courseware. There is,
however, considerable debate on the likelihood of resale of training material
"and some argue that firms' needs are too specialized for pre-made software to be
sold. Nonetheless,'in some industries the equipment used is very similar from
company to company and resale potential of courseware seems high. Furthermore,
there 1s a general trend in tralning to delineate sets of "generic skills."
Generic training modules with wide relevance can then be used, followed by spec-
idlized instruction as needed. It is likely that if good training. software. is

available and wellimarketed, it will be bought.

costs of content development. Apart from tools to make content faster, the prime l
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Secondly, the use of specialized teams is frequently-proposed as a model for CL

development. Creating content draws on several kinds of expertise: instructional

.design, computer programming, skill in using CL technology and authoring tools,

and knowledge of a given subject area. It is a rare individual who has it all.

~

More and more, a team approach is emphasized, through which specialists will work to-

gether to create a course.

Finally, the idea of a production centre offers several advantages. A centre could
gather together a permanent core of experts, and provide a place for others to ap-
prentice in computer learning skills. It also can assemble computer resources, such

as sophisticated authoring equipment for graphics and video.

There are various models, then, fof the creation of content. At one extrqmé there

is the individual author, exemplified by the teacher authoring his or her own 1ésson—
ware on a microcomputer. Next is the use of the in-house team or in—hbuse centre,
within a large organization (a corporation, a government traihing centre, a unive;?':
sity, etec.). A CL user could also turn to an external production centré, on a cliént
basis, purchasing any mix of computer resources and expertise. TFinally, pre-made

content could be acquired, at a fraction of the cost of customized development. The

choice depends on costs, available hardware and human resources, and need for tailored:

or indigenous material. Increasingly, major users of CL, and also planners for CL

-development, are thinking as a commercial publisher might, in terms of large-scale

operations making professional products with resale potential. Even when a 'cottage

industry" model is espoused (in which dispersed individuals make content), it is us-
ually combined with some role for a production centre-—consultation, quality manage-

ment, manufacture and marketing, etc.

- 2,---Problems-<in -Microcomputer Content Supply

- .

The problems experienced in content creation and content supply conditions will vary
with different context for CL. In education where the use of microcomputers suits

mass-produced software; ‘the emphasis at the moment is on a number of content supply

problems: poor quality, copyright troﬁbles, and incompatibilities. In the computer-

based training world, where custom-made content dominates, the major holdback to CL

lies with the high costs of content creation.
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The software marketplace for microcomputers is a mass market for computer con-
tent, based on high-volume production and low-price sales. A software manufact-
urer needs to reach numerous buyers conveniently. The user, meanwhile, who often
cannot progrém a computer, is also anxious to have a convenient supply of good
quality content. The conditions of software supply, however, have been fraught
with problems. These have included poor quality, copyright infringements, dis-

organized supply channels, and incompatibilities.

Quality

The ‘quality of most content for educational computing has been much-lamented, and

criticism has fallen harshly upon the lessonware created by teachers themselves,

Content creation in the educational world has been largely a labour of love as teach-
ers program their own "'lessonware.” There are some advantages to this method: th
1essonwére carries the teacher's personal stamp and is locally relevant (so that
students in B. Cu, for example, don't find all their practice problems set in Toronto
or the US). The weaknesses, however, include poor quality, a lack of evaluation, poor

documentation, and a tendency to make only very simple material that doesn't tap the

computer's -capacity.

A trend to increased professionalization in content is expected, as is an increasing

use of commercial material. Much commercially-produced material too, however, has also

been criticised. = "Peer review" (i.e., review by other educators), the use of expert
teams, and the involvement of teachers in designing content are some of the means em-

phasized to improve content quality.

Copyright

The amateur software created by teachers has been "public domain" material: that is,
no party expected copyright.reimbursement -and copies could be made with impunity.
Teachers exchanged their material without expecting money to change hands. To a com-
mercial software publlsher, however, the tendency for microcomputer users to copy disk-
ettes 1s a serious problem, Even with -a software Success story such as the Visicalce

business package, in addition to actual sales thousands of plrated copies are in use

that bring no revenues to the authors.

i
i
i
i
|
i |
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There is no clear solution in sight to copyright difficulties. A number of "techno-

logical fixes" have been considered, such as the use of "read-only" videodiscs which

cannot be copied; However, videodiscs are not in common use at present., It is poss-
ible to also make floppy diskettes that do mot allow copying. But microcomputer users
keep back~up copies of programs as a standard practice, and teachers like to copy pro-
grams and then make their own modifications. . Thus at least some copying would have to
be allowed., A fﬁrther limitation to technological solutions for copyright is the not-

orious ingenuity of computer programmers who program their way around security barriers.,

- Other means are used to sidestep copyright problems. Licensing arrangements (or "right

to copy agreements") are made that allow all members of a given group to use and -copy

content f'reely.1 A mixed public domain/commercial outlook towards content is also

appearing. A provincial ministry, for example, could develop content that was free to

any teacher in the province, but that was exported commercially.

.Another approach focusses on the conditions of content supply, suggesting that if it
is éasy, convenient and inexpensive to get content, the motivation to copy will de-

‘crease. By this reasoning, telecommunications delivery (downloading content over

cable, for instance) could offset illegal copying.

Disorganized content supply

Convenient telecommunications delivery could well be welcomed by teachers who experi-
ence frustration in acquiring content. Computer retailers give short shrift to educa—
tional software, and most material must be ordered from sources listed in educational
software cétalogues. The arrival of the software by mail may seem unsuited to the
electronic age, and further frustration may be felt with the first use of the material,
which is often disappointing. Small wonder that a teacher will pirate a copy of mater-
ial that at least has been recommended by another educator. The content supply scene
is-a chaotie one, and virtually.all :provinces-are exploring means to organize it,

through clearinghouses and other means.

3. Incompatibilities

Incompatibility is a problem that segments the marketplace: content developed for one
manufacturer's equipment cannot be used. on that of another. This problem at present

most affects the microcomputer market, based on mass-produced content. ¥From the point
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of view of the software subplier, the market is fragmented according to hardware pur-
chasing patterns. The school boards now buying microcomputers are unhappy because
they become locked into the use of one system only: once software has been purchased
for the first system they buy, they are wedded to that manufacturer if they wish to
take advantage of their software investment. Provinecial ministries find their plan-
ning complicated by the fact that not one but three major types of microcomputers may

-

be in use.

Any computer has the natural ability to understand instructions in only one language,

.its own machine.language. This native_ machine ilanguage differs from computers of one

-‘type to another,...In addition, a computer has a set of low-level programs which make

up the "operating system'" that enables the computer to be used for applications prog-
rams. Compatibility problems arise when an application program is moved from a com-

puter with one operating system to another. Often, it must be entirely re-written.

Years ago, high-level languages, such as Fortran or BASIC were intended to be machine
independent. Each computer manufacturer would provide translators to transform the

high-level language into the particular native language of his machine. However,

"dialects" of these languages developed over time, and machine-independence never resulted

Eventually, microcomputer operating systems may become standardized. Two systems (UNIX
and CP/M) are now becoming dominant. At present, however, incompatibility is a major
problem and even if a program is written in the same language (such as BASIC), it can't
be taken, for example, from a Pet to an Apple system. Furthermore, most established
manufacturers see a distinct advantage in maintaining these incompatibilities. Apple
Computer Inc., for instance, enjoys an advantagé in the educational world because there
is a considerable amount of content available for Apples that will not run on other

microcomputers. Incompatibilities are especially a problem for microcomputer software

..publishers, who need a mass.market in .order to.produce packages in large numbers that

can be sold at low cost.

Even between two models of hardware from the same manufacturer, compatibility may not
be possible; The Apple .IIT was an unpopular system, in part because little software
was available; it could use none of the software made for the Apple II. In response
to this problem, the strategy of "upwards compatibility" has been developed: system
desigh should ensure that, as one model is superceded by another, software can be

passed on to the second system,

-) — - - y -
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Standardized hardware is ome .approach to incompatibility, and -several provinces -
are encouraging schools to buy a particular type of system. At the same time com-
patibility between different systems has been attempted in various ways. When
development of the NATAL authoring language began in Ottawa years ago, a major goal
.was to create "a standard language . . . which can be implemented on a variety of
computers."2 NATAL, however, has just recently left the lab and requires sub-
stantial computer power, which will limit its use. The most favoured means of
solving incompatibilities at the moment is the use of "portability" software for

languages and machines that are widely in use.

A program-is “portéble" if "it can be moved from ome machine to another at a cost
substantially less than the cost of re-developing the program on the new machine,"3
Work on portability software is being donme in Canada at both the University of

Alberta and the University of Waterloo.4

Another technical solution to incompatibility is "emulation"; making one machine

behave as if it were identical to another. In theory, with the right emulator cir-
cult board installed, an Apple II could work as though it was a Tandy TRS-80. How-
ever, emulation is difficult. The Apple III attempted to emulate the Apple II with

limited success.

There are also ways to create content that facilitates its transfer from one system

to another. For example, the way in which the CL program is written can minimize

the programming portions that need to be modified when it is adapted for use omn a

new system. Also, a content supplier can pursue the strategy of producing an applica-
tion for twd or more systems at one time. The initial design phases of content
development take up a substantial proportion of the total authoring effort. A con-

tent publisher could complete the job to this point, and then write the actual pro-

-grams ‘for-two- different -systems, producing-two-versions with minimal duplication

of effort. At present, software solutions (such as portability software) appear
most important in meeting compatibility problems, perhaps accompanied by content crea-

tion strategies that minimize the components of a program that have to be changed.

A further level of incompatibilify occurs between two different CL languages, and
here the gap is virtually unbridgeabie. Code written in CAN, for example, would
have to be completely re-written in NATAL. If a training centre was set up in
B.C. using TICCIT and a similar centre was also eétablished in Ontario using

CAN, there would be little sharing of courseware between the two--unless
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4., R&A Funding Conditions

"R&d" has been almost a banner word in recent years in policy documents, brand-
o " dished as a means to achieve success in a high-tech world. It is fﬁrequently pointed

out that other countries devote far greater resources to r&d than Canada.

1 i ’
1

There is no doubt that .r&d is essential to CL development. Computer learning is

been primitive and the resources of the computer (for intelligent interactionm,

'
N,

. natural dialogue, etc.) have scarcely been touched. R&d efforts must be made, in
}_i both short-term and long-term projects: in the short-term, to meet visible mar-
- ket needs (such as the need for portability software); and with a long-term pers-

o pective, to support research in leading-edge areas, pursuing what are the most

at an.early ‘'stage of evolution.  -As Chapter Two emphasized, its use so far has l
difficult questions of the day.

{ But government support of r&d is no simple panacea, and some of its limitations

both centres could support ‘both languages. - '
;o are discussed below. '

Above all, r&d is a risky business. 1In a case study of three US companies, only l

12% of their projects earned a decent profit. Most were stopped at early stages,

[P,

but even among the commercialized projects only 40% were prof:i.tablee._6 Eventually, !

the project has to face the marketplace: '"Most R&D projects fail because the};

ey

do not sell--not because they do not work."7- R&d costs are only a fraction of

- the total investment a company makes in establishing a new product. Marketing . !
L. in particular may be critically important and also very costly.
g In this-'situation, pT¥oblems lie in wait-when the -task falls to government to pick .

a winner by funding r&d in industry. To name a few difficulties: decision-
( ' making is likely to be slow; it is hard to both start and stop a project; those l
in government ar'e isolated from the marketplace; and it is difficult to pick the

(:_‘ right company: There may be a tendency to reduce the risks of making a choice l

by giving smaller sums to more companiesh.' Also, the federal government may have

| secondary agendas to spread funds across the country, which confuse the selection I

'
S
! S
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process. Finally, while the outcome of r&d may be technically flawless, the firm

may lack the marketing strength to bring this effort to ‘commercial success.

Industry, meanwhile, often finds that the difficulties in cultivating government
grants outweigh' the benefits, and many firms prefer to use tax write-offs for

r&d instead. At present, r&d is allowed a 100% write-off on expenditures in the
year in which expenses were incurred. An additional 50% write-~off is permitted
for r&d expenditures in excess of a firm's average spending on r&d in the prev-

ious three years.8 A variety of other policies could be used to encourage ind-

: ustry.itself  to invest in-short-term-r&d projects (e.g., tax incentives such as

accelerated write-offs, cuts in capital gains taxes, etca)a9

Government is also involved in r&d by supporting research in its own labs or in
universities. In these settings long-term research, which government alone is

likely to fund, can be carried out. Support for CL, however, has been léan.

It is an important characteristic of long-term research that, while commercial
benefits may well result, they cannot be predicted:

Who could have predicted when the double-helic structure

of genes was discovered in 1953, that this would lead to

the birth of the biotechnology industry a generation later?
Many of the fruits of basic science are unexpected windfalls.

10

The Japanese have incorporated this attitude in their Fifth Generation Computer
Project. This is a project with ambitious goals, and it is fully acknowledged
that these goals may not be reached. En route, however, "windfalls" are expected
with certainty, as a result of the massive research effort that has been set in
motion. The Japanese project illustrates a further point that is relevant to

r&d in\CL: the R&D Megaproject. The Fifth Generation Project and also the

Centre Mondiale Project in France are long-term efforts that draw upon an inter-~

snational research community.-*This raises further ithoughts -about the role of

government in r&d in Canada. Should government facilitate participation in
international projécts$, or orchestrate larger research efforts (perhaps on a

consortium basis) in Canada?
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5. Detrimental Treatment of Software

Software is a flourishing business. In Canada, software sales in 1981 have been
estimated at over $300M, a 30% increase over 1980, and a growth rate higher than
either the computer hardware or service industries, In the US, the market for

software products in 1980 was $2.4B, projected to grow at an average annual rate

of 28% to reach $8.4B in 1985°12 Packaged software for microcomputers is a par-

ticular growth area.

- Furthermore, software 1is .increasing in importance in relation to hardware. In

the past hardware costs generally outweighed costs for software; now, firms with
large mainframe computers are spénding as much on software and services as they
are on hardware, and (though less is known about personal computer software), it
has been estimated that the average perscom computer costs $1625 (in the US),
while software expenses are $350,13The use of software is open-ended--for each
new application more software must be generated. In the educational world per-

haps more than any other, a library of content cannot be too large.
However, the nature of software has been found troublesome by those in a number
of critical institutions: bankers, Revenue Canada officials, grants .funding

agencies, and border officials, for instance.

Software programs are pure information and so software is an intangible good. It

may seem that you hold a piece of software in your hands, concealed underneath the

envelope of a floppy diskette, but quite clearly the value of the diskette is
what's on it.

People can conceptualize a "good" much more easily if it 1s something they can
touch, and it has been awkward to treat information as a commodity. Comnsider the
following inconsistencieé: when software is moved by telecommunications with no
tangible form, it crosses bordgrs with no value or duty. If the software program
is on cards, again no duty will be chafgéd; but if it is on a magnetic tape, the
importer will pay duty--on the tape alone. And if the software is sold at an in-

clusive priée along with hardware, it is charged duty at the same rate as the

hardware it accompanies.
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Revenue Canada treats software as- a-taxable asset, and requires that software
development costs be capitalized. But software is regarded as an intangible as-

set by bankers, who prefer to lend money where there is something more solid as

collateral.

As a result of its awkward nature, government assistance to develop the software
industry has been limited despite software's obvious importance and growth poten-
tial. TFew programs have funded software firms: Industry Trade and Commerce was

for years reluctant to invest in software because it did not fit the traditional

. framework for funding grants.14 Tax -measures to encourage software development

-.have .not been put in place. At best, govermment development programs have ac-

cepted software on the same basis as hardware. At worst, import duties and
taxes favour foreign sources of software.l® And nowhere has policy responded

to the financing problems software firms may experience in seeking financing aid.

Several recent reports in Ontario have focussed on the need for measures to pro-
mote the software industry, and a 1981 Task Force on Microelectronics recommended
that software be accorded a number of tax exemptions, tax credits, accelerated

16 -

depreciation allowances and other benefits to stimulate the industry. It has

also been suggested that these measures may not go far enough in encouraging

industry;lz.:

A number of newly industrialized countries have established innov-
ative measures to nurture software production that could suggest models for Can—
ada. Policy for software development is a new area that requires further atten-

tion, especially at the federal level where action has been lacking.

6. Export Marketing Capability

The nature of the products that Canada has exported in the past have not required

extensive marketing efforts: 307 are primary commodities and raw material, and
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40% are standard fabricated materials.18 There has been little need to develop
high-powered international markéting expertise, 6r for public sector marketing
support to evolve. Also, the US market has dominated our vision, and the sense
that international marketing is needed at all is relatively recent. Thus our

export marketing capabilities are limited at present.

There are other constraints upon Canadian sallies into international markets.
For example, there is a shortage in market intelligence available to Canadian
firms. (This could include sales leads for products abroad, information on
market. conditions and practices, information on sales potential in foreign
countries, contact lists for foreign buyers, etc.) Secondly, the small size

of many firms limits their participation in large projects except in joint vent-
ures or consortia. These firms also often lack the capital to establish an ex-

port base, and they are strained by the documentation and other complexities of

international trade.

A further problem lies in poorly developed export financing instruments. Canad-
ian banks have only recently begun to develop expertise in export financing, and

. . . . 19
private sector trading companies have played a minor role.

Thus, while it is widely acknowledged that the competition in high-tech inform-
ation industries takes place in an international arena, and that exports are
critical to a small-market country like Canada, Canada's export market capabil-

ities at present willl be less than adequate in many cases.

7. Shortage of Expertise

Because computer learning activity has been limited in the past (both in the
marketplace and in publiely-supported research settings), there are few individ-

uals with expertise in CL.

In the educational world, there is a special problem with the lack of teacher

familiarity with microcomputers. This is held to be a major factor that will
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restrain the use of computers in schools, and the need for teacher training has

been emphasized.

More generally, high-level CL expertise is in short supply, and there are few
people with skills and experience to author content, to ‘train educators in the
uses of computers for learning, to set up infrastructures such as clearinghouses
and production .centres,.to develop new.authoring tools, to work on basic research

problems, and so0 on, in all areas critical to the advancement of CL.

. The .creation of expertise .is an. important goal in itself as part of CL develop-

ment, -and is a benefit that should be counted in any r&d efforts or exemplary

projects that increase the pool of knowledgeable people.
3. Conclusions

The issues discussed in this chapter fall into several categories:
(a) software creation conditibns (high cost of content~development,
shortage of expertise)
(b) market conditions (problems in content supply, incompatibilities)
(¢) r&d conditions
(d) conditions of doing business (Freatment of software as a product,

export marketing capabilities). o

Functional problems that limit CL activity itself are immediately felt and have
received most attention to date. Authoring tools have been devised to try and
reduce thé:-cests.of.creating applications. Special software is being developed
to alle&iate incompatibilities, and there is an emphasis in the educational

micrcomputer market upon means to organize content supply.

R&d conditions and the conditions of doing business are more general matters.
which may not immediately affect the ability of the user or supplier to carry

out CL. Still their impact on a firm's financial success or failure may

be critical. Also, from an industrial development perspective, looking to .
a longer-term fﬁture;' r&d must promote advances in the field for future products,
and marketing conditions ﬁust build stronger export capacities as well.

In particular, the demands of export marketing can be difficult for a firm, and
;olicy measures (such as tax benefits, financing aid, and provision of ﬁarket
intelligence) may be needed .to stimulate software export. Also, the high front-
end costs of creating content software underline the need for financing assist-

ance.
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FOOTNOTES: CHAPTER SIX

For example, a provincial ministry of education can obtain a membership in
the Minnesota Educational Computing Consortium for about $4000 plus $250 for each
participating school division. MECC sends new content to the provincial contact

and expects no further reimbursement regardless of use and copying.

2Brahan, J.W., et al., "NATAL-74: Concept to Reality" (1980).

3Wilkinson, Terry (1982).

4

The Waterloo approach is to create language translators that can be easily

. moved or "ported” from machine to machine.. Each language translator is adapted

to the hardware and operating syétems of different machines through a special
Interface. With this translator, programs written for one machine can thus be
executed unchanged on another system. The ELF‘éystem being developed at the
University of Alberta's Educational Research Division is also a translator program,

to translate code for a target machine.

5The Economist, February 20, 1982, p. 87,

6The Economist, June 26, 1982 ("The Pitfalls of Trying to Promote Innovation').

7Ibido

Tax conditions vary from province to province. Ontario, for example, allows

- a sales tax exemption for equipment used by manufacturers for r&d activity. Ontario,

Board of Industrial Leadership and Development (Jan. 1981).

Tax shelters for investors are also a possibility, though the experience with
this approach in the Canadian film industry (where films may have served tax purposes

but flopped as movies), lend a cautiomary note.

_10The Economist, June 26, 1982, p. 96,
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1 . .
Evans Research Corporation, (Mississauga, Ontario).

2 . . . . .
Ontario Ministry of Industry and Tourism, Microelectronics Background Papers

for the Microelectronics Task Force (Ontario: October, 1981), p. 37.

13Financial Post, Feb., 27, 1982. It has also been estimated that buyers

spend 50% more than the initial system purchase price on software over time. (Globe &
Mail, Dec. 11, 1982), - *

14Computer Data, April 1981, p. 34.

15Import duty on computer equipment is between 107 to 15%. Added to provincial
and federal sales tax, a 35% to .45% burden on equipment costs is experienced in
Canada by software producers. Interdepartmental Task Force on Transborder Data
Flow (1981),

16Onta:io Task Force on Microelectronics (1981).

7For example, Wills, Russel M., "Softech: A Microelectronics Planning Guide

for Ontario," (in preparation).
18Ontario, Board of Industrial Leadership and Development (Jan. 1981),

("Technology and Exports: Priorities for Ontario's Growth").

1glbid.
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CHAPTER SEVEN POLICY ENVIRONMENT ¢ ACTORS AND ROLES

The policy environment for computer learning in Canada is confusingly intricate,

a situation for which two main causes may be found. First, the government actioms
that impact CL come from two directionms: an interest in industrial development

on the one hand, and actual use of CL for education and training by public
institutions as well.

Secondly, responsibilities for education and training in Canada are split between
federal and provincial governments. Education is under provincial jurisdictionm,
but substantial federal involvement in manpower training exists. In additionm,
large sums of federal money support higher education, and several federal councils

fund university research.

The development of computer learning has not been a pressing issue in the past,
and as interest in it awakens it is dispersed among numerous government depart-
ments and agencies--federal and provincial, users and industrial planners.

The situation is fragmented and cooperation is difficult.

A certain nucleus of interest in CL development has existed for nearly a decade,
ﬁhrough the National Research Centre (NRC) in Ottawa. Its Associate Committee om
Instructional Technology has inﬁoiﬁed most of the leading figures in CL over

the years. There was also for some time an Educational Technology Branch in

the federal Department of Communications, which promoted the development of CL.
However, this branch was disbanded some years ago, and the NRC's committee

has found little scope for action in its aim to advance CL.

V- '- - -
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Thus there are three facets to the matter of government policy for computer
learning development:

-the use of CL by government institutions;

-support for CL by industrial policy; and

-the need for co-operative plamning mechanisms to coordinate

© among the numerous government players involved.

This chapter -introduces the influential government actors in education and
training and in industrial development, and describes their respective roles.
It also discusses the policy moves made by the provincial ministries of
education dealing with the use of microcomputers in schools, which have been
the main policy positions taken towards computer learning in Canada to date.
Chapter Eight discusses geheral policy strategies and measures taken to

advance CL.

In 1982, one finds that support for computer learning in Canada is weak despite
CL's potential from either the educational or the induslrial viewpoint. Though
microcomputers are being briskly bought in schools, the educational market appears
to be an environment where Canadian industry fears to tread, turning instead to
training markets. In training, government has yet to become a supportive "cat-
alyst" user of CL. The fact that research and development in CL is scarce stunts
the growth of expertisej and while“high-tecH'is a byword of industrial develop-

ment Initiatives at present, CL stands in the shadow of higher profile industries.

In general, a curious'ﬁliﬁdneséAprevails._uOn the one-hand, policy-makers are
struggling with the fact that training in Canada urgently needs to be remodelled,
and educators are attemptingto meet new demands on the educationmal system. In
both cases new demands for computer-related skills are a major source of strain
on old institutions. Yet there is no real vision of the changing needs in educa-
tion and training,nor the ways in which traditions are becoming recast. Nor is
there a sense of the ways in which the computer as a learning tool can fit into

this transition.




e

e

121,

The Players and Their Roles

Exhibit 7-1 illustrates the main areas of government involvement in computer
learning. The table is divided in two parts: interest from an educational/train-

ing perspective, and from a perspective of industrial development,

Educational and training institutions may use computers becausé’ they teach: better or

more cost-effectively, or because they allow unique things to be done, such as
simulations. Schools may also simply want to familiarize students with the use

of computers, or they may want to use the computer as an intellectual tool with

which a child can build new concepts.

Tdeally, from the industrial viewpoint, educational purchasing will occur in a

way that fosters Canadian industry and does not only consume foreign products.
The industrial goal is to share in the benefits as computers are used in .
education and training in Canada, and to develop CL products and services for ex-
port worldwide. Few people propqse.that CL hardware and software should be only
‘Canadian; réther, Canadian products should ‘be of international calibre so that
exporté balance whatever imports occur. An international outlook is also re-

quired because of the small market size of Canada.

The list of government actors is also divided into federal and provincial compon~-
ents. The BNA Act and Canadian history have given the provinces virtually full
control over education policy, programs and institutions. At the time of confeder-
ation in 1867, however, the public responsibilit& in education consisted only of
elementary schooling. (Higher education, to the extent it existed at all, was

usually supported by religious organizatioms.)

Since that time education has grown more complex, and over the decades the federal

- government became involved in a number of ways. Continuing activity in industrial

training began as_early as 1910. Secondly, as post-secondary education blossomed
in mid-century, it became a substantial burden to the provinces, and a federal
funding program began.l ‘
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EXHIBIT 7-1
GOVERNMENT INTEREST IN CL (COMPUTER LEARNING)
EDUCATION &
TRAINING : FEDERAL GOVERNMENT PROVINCIAL GOVERNMENTS

ELEMENTARY/ . ministries of education

SECONDARY - . , .
-—educational communications

authorities

-—crown corporations dealing with
computer supply :

. CMEC (Council of Ministers of
Education, Canada)

POST- . [non-conditional block . ministries dealing with post-
SECONDARY grants to the, provinces] secondary education (varies from
province to province)

TRAINING . Canada Employment and . ministries dealing with manpower

Immiqgration Commission :
~-¥unds for training, to
industry and institutions

. user of training,
e.g., the military

. SSHRC (Social Sciences
and Humanities Research

Council)
..... - —==social research

INDUSTRIAL - |

" "INTEREST; . Industry, Trade and . ministries for industrial

*
- industry Commerce . development

in general

- educational
technology

interest . National Research Council

. Department of Communications
. NSERC (National Science

and Engineering Research
Council)

*now the Department of
Regional and Industrial
Expansion i
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This section deals first with the educational perspective in Ci, discussing the

roles of ministries and agencies who either set policy for education or who sup-
port education and training activities. Most important are:
= provincial ministries of education and the Council of Ministers of
Education, Canada
= Canada Employment and Immigration Commission (skills and manpoweyr training)
- federa} departments which carry out substantial internal training (such as
the military).
The industrial development interest in CL is considered subsequently.

POLICY PLAYERS IN EDUCATION AND TRAINING

i. Provincial Ministries of Education

The various provincial ministries resnnnaihie for p.clucatj’_on'2 have become the most
active policy-makers in computer learning in the last few years. IFaced with an

influx of microcomputers in schools, and with pressure from teachers to organize

a chaotic scene in hardware and software supply, the ministries have had to respond.

Their actions, however, concern elementary/secondary schooling only; a virtuall

silence continues to reign on policy or support for CIL at post-secondary levels.

Though purchase decisions for microcomputers and software are locally made within
school divisions, nonetheless provincial policies to encourage certain purchases

and practices can be influential. A variety of moves have been made which are dis~

cussed later in this chapter, and ‘which are described in detail in Appendix III. Some -
approaches are so similar from province to province that cooperation is likely, while

in other cases there is almost a polarization in indérlying philosophy--for instance,

whether to promote Canadian-made hardware or to simply buy US products.

In addition to the provincial ministries themselves, several provinces have educational

-communications agencies. .Primarily such -.agencies have operated tv or radio broad-
casting services, but activity in the area of CL is also possible. In Ontario,
formzhgtance, thé'OECA (Ontario Edqufzgagi—bommuﬁid;EEGhs Authority) has a wide
mandate for activity in eduéationai cémmunications, including a role in research.
Alberta has ACCESS, and in B.C. there is KNOW (the Knowledge Network of the West).

Also, in a number of'provinces'there are crown corporations that supply provincial

governments with computer products and services. Such agencies may become involved

in procurement for educational computing.

‘While education in -Canada may .consist fundamentally of ten different provincial

approaches, nonetheless certain issues cross over boundaries, such as satellite
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communications or mobility for students to move between provinces. CL is one such
issue. The development of computer learning calls for planning beyond the prov-
incial level--for courseware sharing from the educator's viewpoint, and for the
aggregation of markets from an industrial viewpoint. The sole mechanism in place
for coordination among provincial ministries is the Council of Ministers of Educa-
tion, Canada.

ii. CMEC (Council of Ministers of Education, Canada)

The CMEC was established in 1967, "to provide a means for the fullest possible

..cooperation among provincial govermments in areas of mutual interest and concern

°n3

in education. . .

The Council's history since that time can most optimistically be viewed as a long
gestation, during which it has primarily coordinated information:~-presenting

shared provincial views, for example, or producing guidebooks on such topics as

. metrification. The CMEC has lacked energy. Its decision—mékiﬁg process is slow,

and it seems to have skirted such issues as satellite communications and computer
learning, rather than embrace them. As a result, there is a sense that the CMEC
is not able to deal with areas of rapid development, or act as a problem-solver

in contentious areas.

These problems relate to a lack of will, and this could chénge. A further con-
straint may be a need to achieve a full consensus. The agreement of all prov-
inces may not always occur, and partial cooperation should also be possible. If,
for example, only five provinces want to establish a joint clearinghouse for CL

content, the CMEC could nonetheless be useful in getting the project started.

At present, :however,. a-major cooperative project-among four provinces (on'the
indexing of CL material) started up informally, without the CMEC. TIf it had
been piloted through the Council, it would have risked time delays and possible
rejection as a low priority item. With some irony, now that it is underway, the

project may be brought before the CMEC in later phases. The CMEC is the only
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formal vehicle for inter-provincial cooperation in education, and as such its

weak role is unfortunate for CL.
iii. Federal Contribution to the Education System

Federal support for education occurs mainly at the post-secondary level, and
Appendix TI  describes the fedefal’government's role at some length. The sums
involved are substantial: the federal government supports over half the costs
of post-secondary education in Canada. This occurs mainly through transfers of
funds to the provinces, and through a number of granting councils that support

research at universities, as Exhibit 7-2 shows.

The main forms of federal support are the Established Program Financing (EPF)
arrangements, which are unconditional block transfers of funds that amount to
over $3B. There has been recent controversy over the lack of accountability for
these funds: the sums have grown but the provinces® support for post-secondary

education has not. A parliamentary task force recommended that the federal role

in this area be sharpened,4 It suggested that an annual report be made to Parlia=-

ment by the Secretary of State, which would include a report on consultations

‘with the Council of Ministers of Education, Canada on national purposes in post-’

secondary education. It also advised that a focal point be set up within the

federal government to coordinate involvement in post-secondary education. This
would include the Secretary of State (responsible for EPF transfers), plus var=-
fous granting councils which support university research in universities (such
as the National Research Council), and also the Employment and Immigration Com=-

mission, with its role in skilled manpower training.

iv. Canada Employment and Immigration Commission (CEIC):
skilled manpower training

CEIC will spend over $1B on industrial training in Canada over the next year.
Its programs work in two ways: first, the CEIC allocates money to industry it-
self, to encourage training to be done. Secondly, the largest program of the

CEIC is the Canada Manpower Training Pfogram (CMPT), which buys "seats" for un-

employed individuals.in training classes.5
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FEDERAL EXPENDITURES AND TRANSFERS RELATED TO POST-SECONDARY EDUCATION

University education:

Operatiﬁg grants:

Military colleges

Other ministries: operating grants
- Grants for-sponsored researchs

Department of National Defense
to military colleges

National Health and Welfare
Environment

Natural Sciences and Engineering
Research Council :

Social Sciences and Humanities
Research Council

Medical Research Council

Research grants from other ministries

Capital grants
Scholarship, student aid”
Cost of loans to students

Other ministerial expenditures

Total

Transfers to provinces for:
-Post-secondary education (EPF)**
Minority language programs

Tbtal t;ansférs

1979~-80
(actual)

35.1
16.3

.7
9.2
.8

104.0

14.6
58.7
46.6

.9
56.1
47.1
38.3

428.9 °

2,775.5
189.7
2,965.2

1980~81
(budgeted)

38.4
17.8

.8
1.3

137.1

17.4
72.4
42.5

1.0
74.7
63.0
30.8

498.0

3,074.8
205.1
3,279.9

*Scbolarsbips,_bursaries, awards, student aid from many federal

ministries and agencies.

**sbe appendix ‘IT.

Source: Parliamentary Task Force on Federal-Provincial Fiscal Arrangements (1981).
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Though the federal govermment supports hundreds.of training courses through the
CMPT,'it dogg so through provincial intermediaries in a way that reflects the
provincial jurisdiction in education. There has generally been no direct way
for the federal govermment to fund training courses, and at times this had made

curriculum planning difficulto6

Training has become the topic of much discussion in Canada recently,7 Past

training efforts have received sharp criticisms:

Too much of current industrial and institution training
in Canada does not lead to related employment, or higher
skills, or better jobs, but to continued unemployment and
frustration,

And at the same time, there are:

+ o o serious and chronic shortages in many highly-
qualified and higher-level industrial skill occupations.

Furthermore, it is expected that as computerization in the workplace changes jobs

or displaces workers, an enormous amount of retraining will be required in the

coming years.

Thus training has become a policy issue. Various means to stimulate training in
industry have been suggested with considerable debate,10 and the federal govern-

ment has recently expanded its own role in the support of trainingo11

In 1982, a federal Training Act has been passed to establish a new Training
Program in Canada. 2 One original component in this program is a Skills Growth

Fund, to provide capital for training facilities for "occupations of national

importance" where the development of skills is of special significance. The

CEIC can now enter into an agreement with either a province or a non-profit
organization, to give financial aid for training facilities--buildings and
equipment, initial operating costs, and development of courses as well. This

direct role in curriculum development is a change from the past.

In mid-1982, federal and provincial discussions are taking place on the inter-
pretation of the Act. Yet the prospect of these new skills training centres has

already prompted interest in the Computer Based Training industries that CEIC

_could support -the .use -of CBT in. a. relatively direct manner -if it wished.
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Thus CBT could be encouraged by federal training policies in two ways: CBT
could be favoured in federal programs that fund training within industry, and
cou1d<also be implemented in skills training centres which use federal funds.
More generally, the new Training Act acknowledges that there are serious train-
ing problems in Canada and gives the federal government a broader planning role.
No matter what mix of federal and provincial agencies.are used to deliver train-
ing, 1ong—térm planning for training could include the use of new techmologies

such as computer learning to help meet new demands.

v, - Government as Trainer

The federal government also spends substantial sums yearly on its own training,
within the armed forces and the public service. There is a potential for govern-
ment to act as a major client for computer-based training, exploiting the com-

puterfs strong points such as simulations and reduced learning time, and giving

. @ boost to the Canadian computer learning industry.

In the US, numerous military agencies have played a prominent role in develop-
ing computer-based technology such as interactive videodisc, and have supported
basic research and advanced developmental projects. Leading expertise has. been

built up in a number of computer learning firms through military contracts.

In Canada the military is a much more modest institution than in the US, but
nonetheless it spends some $600M a year on training. There has been some small-
scale experimentation with computer-based training in the Canadian armed forces,
but the sole major commercial contract to date was awarded to a US firmo13
Neither the military, nor the much smaller training divisions in the public

service, have supported computer-based training in Canada to any significant

degree.

vi. Federal Government Councils

A number of government councils. fund research in Canadian universities, and the
Social Sciences and Humanities Researéh Council of Canada (SSHRC) could. poten-
tially fund research on educational topibs including computer learningi.4 CL pro-
ﬁbsals, however, are typically unsuitable for SSHRC grants because they appear

too technical.



INDUSTRIAL DEVELOPMENT INTEREST

This section discusses the main government parties interested in computer learn-
; _ ing from a primarily industrial perspective. These include ministries whose
mandate is industrial development, i.e., the federal department of Industry,
Trade and Commerce, plus various provincial ministries. The Board of Industrial
Leadership and Development (BILD), established as a Cabinet committee in
Ontario, is described, as the most evolved initiative among the provinces to

develop the high-tech sector.

ITC and BILD are interested in high—tech development in general, and within

r their range of interest computer learning is simply one high-tech industry

R among others. Among other government players there is a specific interest in

- educational technology. The National Research Council has a long-standing in-
volvement in CL and is advised by an Associate Committee on Instructional Tech-
nology, and the Department of Communications has an interest in computer/

communications that has included educational projects.

r The federal department concerned with industrial development is Industry, Trade
i 7

L N and Commerce.15 ‘%TS funds a number of programs to aid high-tech industries.

The primary program is EDP (Enterprise Development Program) (Exhibit 7-3), which

allocates about $35M a year in computer related areas.

i The Department also has a Microelectronics Support program, to establish a number
of centres across Canada which can provide microelectronics-based support to
local industry~—underﬁaking custom chip design, assisting in the use of micro-

s . - 16
electronics in process control, etc.

L. . It is possible for computer learning to be funded within the parameters of exist-

, ing ITC programs. The DIPP programwcould fund CL applications for military use

} and the EDP program‘could fund computer leatrning firms if their purpose in apply-

ing for the grant was "innovative" (if, for example, they developed a new tech-
nology). And the newly-established STEP program could fund CL firms in a major
project with significant effects on the CL industry. Also, by analogy STEP

might fund_a:useruoffCLvtechnologyﬁas»itAdoesmwith.CAD/dﬁC‘ﬁEven the Microelectronics

q-7.
v
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. i. Department of Industry, Trade and Commerce l
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EXHIBIT 7-3

PROGRAMS TO AID COMPUTER INDUSTRIES

DEPARTMENT OF INDUSTRY, TRADE AND COMMERCE*

Electrical and Electronics Branch

o

D.I.P.P, Defense Industry Productivity Program

- funds firms in Canada that make products and
services for aerospace and defence markets

E.D.P. Enterprise Development Program

- gives assistance to selected firms, primarily to aid
manufacturing and processing sectors

- aims to foster innovation in design and development

- focuses on small and medium sized firms, in high—risk
projects promising attractive rates of return

- shares up to 50% of project costs or provides insurance
on a term loan

S.T.E.P. Support for Technology and Productivity

~ gives support for projects w1th major impacts in the
electronics industries

.

- gives support to users of applied technology
(e.g., CAD/CAM=--Computer-2aided Manufacturlng
and - Computer-Aided Desxgn)

*Now the Departhent of .Regional Economic and Industrial Expansion
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Support Program could potentially support CL--assisting a local firm. to use

computer-based training, for example.

There are several limitations, however, on ITC support for CL. As Chapter Six
discussed, software has tended to be less fundable than hardware, even though
the basic capacity for software funding does exist.. Secondly, projects to
actually use€ CL could-.entail federal/provincial complications because of split
responsibilities in education and training. Most fundamentally, CL has simply
not been an area of ﬁigh technology with any priority in the Department. Most
of .the.funds in. the program noted above are already earmarked for more favoured
firms or industries. While there has been a wave of new proposals to ITC from

industry to fund CL projects, CL has yet to stake out a place on the industrial

strategy map.

‘

ii. Ontario: The BILD Program

In 1980 the Ontario govermment established BILD (the Board of Industrial Leader-—
ship and Development) as a committee of Cabinet, centred around the Ministry of
Economics and the Ministry of Industry and Trade. Six special areas of interest
were set out, including technology.l? In long~term planning for a ten-year
period, it was estimated that $1.5B would be needed to reach industrial develop-
ment goals. $75M was allocated over. five years as initial seed money, including
$430M for a technology program, to promote r&d, to nurture high~tech companies,

and to expand markets,

The BILD program gives Ontario a funding and planning capability focussed on high-
tech that is unidue among the provinces. BILD also has scope: for example, over

$200M is allocated to develop new skills and retrain workers displaced in techno-

-. dogical change. “In r&d, a mew-corporation will promote high-tech development and

y e 1 . .
coordinate a number of research centres; 8 nurturance of high-tech firms has be-
gun, assisted by private and federal money; and an International Corporation will

19

market Ontario technology and expertise abroad.

BILD has given considerable attention to computer learning in its first years.
It has allocated $3.6M to promote both hardware production and computer learning

materials, and also funded an interactive videodisc project. (These projects

are described in Appéndix III.)
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iii. Federal Granting Councils: NRC (National Research Council) and
NSERC (Natural Sciences and Engineering Research Council of Canada)

The National Research Council has been involved in CL development for nearly a dec-

ade, 0f its several projects involving CL, one has stood out with a single pur-

pose: to develop the NATAL authoring language. It is estimated that $12M has

- been spent on NATAL development, including some $1.5M to $2M through the Program

for Industry/Laboratory Projects (PILP). The PILP program is administered by NRC
to assist Canadian companies in projects that use resources within government labs.
Honeywell Ltd. has worked on the NATAL language and acquired the rights to market
NATAL through PILP, '

Since 1969, NRC has had an Associate Committee on Instructional Technology.

. This committee has .organized several Symposia on Instructional Tech- -

nology, and produced occasional papers on such topics as the exchange of course-

ware, Its stated purposes are to formulate requirements for r&d in instructional

technology, to promote interchange of information, to "promote and coordinate re-
searqh-development and applications with the aim of establishing a strong Canadian-
based capability," and to encourage standardization of technology to foster the
interchange of instructional materia1.20 "Instructional technology" can be trans-
lated as computer learning, and the associate committee's membership has included

the leading figures in CL in Canada.

Most of its activities, howevér, have focussed on organizing symposia and the dis-
semination of a small number of documents and newsletters, More forceful roles,

in promoting research in CL for example, have failed to develop.

One suggestion made by the Associate Committee has been that a strategic grants
program for computer learning.be established-by .another federal granting council,
NSERC- (Natural Sciehcé:and Engineering Research Council). NSERC strategic grants
support research in Canadian universities for projects on problems "of national
concern" whose "success rests on transfer to the user sector of the technology‘énd

manpower generated through the program."ZL In 1981-1982 NSERC awarded $21.7M in

-strategic grants.

To &ate, however, no such program for CL has been set up, and without a special
program, CL project propésals made to NSERC encounter the mirror image of the

problem noted earlier with SSHRC. CL.projects are not entirely technical, but

also have an educational side that makes them inappropriate for an NSERC grant.
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SSHRC only funds programs with a social orientation, and finds CL proposals too

technical. Without special strategic grants programs, CL will remain unsuitable
for either NSERC  or SSHRC funding. Joint research between the two councils has .

been urged, and it has also been recommended that-two complementary grants prog-— -
rams be set up to fund CL research. '

iv. The Department of Communications (DOC)

The Department ..of Communications has been connected with computer learning in two

- ways. The first concerns Telidon. DOC is closely involved in the promotion of

Telidon (its own invention), and the advancement of videotex and teletext. Com—
puter learning-is one application among others that can be offered by these
technologies, and some educational Telidon projects have occurred., Also, the

Department is advised on Telidon development by a "Canadian Videotex Consultat-

?

ive Committee,” which in turn has a subcommittee on Education. This subcommittee

has made a number of recommendations for videotex from an educational perspective

(emphasizing the need for interactive networks, for instance).

Several years ago, however, the Department had a more direct involvement in CL.
DOC had an Educational Technology Branch and engaged in an extensive policy exam-
ination of the use of computers in education. In 1975, this branch published the

final report of the "Federal Working Committee on Computer Communications in Edu-

cation,” which dealt with computer learning. This report recommended support for

r&d, subsidies for national projects, a program to develop standards for technical.
compatibility, programs of support for CL in cooperation with provinciai author-
ities, and funding of development projects to foster a competitive CL industry.

It also proposed that a governmeﬁt department or agency be assigned a leading

role for ‘coordinating federal support for CL r&d-—one might éuspect this would

be the Departmenf itself.

Also..in 1975, this Branch produced -reports on-videodiscs and education, and devel-
oped "ed-tech” projects in universities in several provinces. It appears that
cooperation with these provinces was achieved. It also appears that lack of

funds and/or federal-provincial politics intervened, as the Branch was dissolved

shortly after the publication of this set of reports.

Many of the centres in r&d that exist today existed also in 1975, and one can
oﬁly hypothgsize how CL might have advanced with sturdy funding for r&d and

developmental p:ojects_bgt@een 1975 and 1980, when commercial interest in CL

‘picked iip. These were years when CL relied on povernment upport.

- WS W
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The Policies.of Provincial Ministries Towards Microcomputers in Schools

Among this set of govermment actors whose policies affect computer learning, only
the ‘provincial ministries of education have taken definite policy steps to deal
with CL development. Their actions are discussed here briefly, and described

in .more detail in Appendix III. Exhibit 7-4 provides a summary.

The attention of the provinces in CL is almost exclusively devoted to the elem~
entary/secondary level. Most policy-making has been reactive, in responding to
the purchase of micros by schools, while little if any attention is given to

post-~secondary levels.

To administrators planning for education, the sudden popularity of microcomputers
in schools appeared to bring chaos. As the chairman of the Ontario Teachers'

Federgtion put it, by mid-1979:

. « . we were having a revolution by infiltration with no
control or compatibility, no control over software, no
provisions for networking, no long term capital cost
planning, no long term curriculum development planning,

and no long term teacher education and teacher re-education
planning. It was simply helter skelter infiltration, but
it was indeed a revolution. And it seemed sheer common
sense to have an evolution by strategic plan, by critical
path approach, rather than the anarchy of infiltration.Z

Presented with a runaway phenomenon, the provinces have responded with varying
strategies. Most have concentrated on the need for organizational mechanisms
such as indexes and clearinghouses to deal with problems in content supply.
Several provinces have participated in an initial project examining how .CL mat-

erial could be indexed, and are also exploring clearinghouse structures. A

- clearinghouse would .catalogue the material available for different microcomputers

and disseminate both information and software.

Secondly, several provinces have devised procurement policies to encourage schools
to standardize one particular type of microcomputer and relieve incompatibility
problems. VThere-haé also been ‘an emphasis -on teacher training. Few provinces
have plans to actually develop CL material, and only Ontario is planning for CL

in terms of stimulating Canadian industry.
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-

downloading
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print distribution)

Academy” tv broad-
casts and correspond-
ence course about
microcomputers

tional specs. for
educational micro

. will possibly
make an approved
list for CL con-
tent as is done
for textbooks

INDEXING PROCUREMENT
PROVINCE R&D 7
CLEARINGHOUSE, ETC. .TEACHER TRAINING .. POLICIES FINANCIAL SUPPORT
B.C . indexing project (severall KNOW “(educational tv . 100 Apples piloted in
provinces participating)*| network): course on schools
. i s £ -
. some MECC** material Zisro s o; educat . Some exemplary
acquired courseware
ALBERTA- ACCESS (educational | . indexing project* . Inservie project . purchase of 1000} . discounts for approvec
_ communications auth- { . clearinghouse project: : -} BellgHowell mic-. and recommended con-
(3 Zearqugf' ority): considering evaluating Math 1-12; ro's. to resell td tent (40%, 15%)
puter Teci~ .\ computer-based vlori a - : £
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. multi-media training quire and distribute , standardization)
Project) ~ : ’ aimed at educators: . ules made
system content R
: . . multimedia computer ;
- . . , . ACCESS: potential clear- .
-electronic communica- X literacy workshop
: . inghouse role for post~ :
tions network N package
secondary material
SASKATCHEWANF' » Saskcomp (crown corporation| .. guide to micro's Saskcomp: stocks
' B for computers): provides a and sells Bell &
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of Saskatchewan authors
MANITOBA: i{:twosmaﬁl‘pilot * ministry is an Institu- . Ministry of Education
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' - a consortium of school divisionss tium
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INDEXING,

. o PROCUREMENT
V. R&D y
PROVINCE | CLEARINGHOUSE, ETC. TEACHER TRAINING POLICTES FINANCIAL SUPPORT
. QUEBEC ‘doctoral,program in . projects to catalogue and ' ~ some support for con-
Ed. Technology at evaluate content and tent development
Concordia: ré&d in build a bank of "didact-
tele-ed., industrial Iiciels" (i.e., CL appli-
training , cations)
MARITIME - = 1nvestigating use
PROVINCES . ' of TVO material

* B.C., Alberta, Ontario and Northwest Territories are participating in a project on the indexing and cataloguing
of CL material.

*#* Minnesota Educational Computing Cbnsortium. See Appendix IIT,
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Ontario leads the provinces in the level of support it is gfbing to CL. Iq some
provinces activity is minimal and several sets of plans have fallen victim to
higher cutbacks. Only Alberta has plans as comprehensive asthose in Ontario, but
Alberta has not stressed industrial development and alsothe projects in Ontario are
further advanced. Efforts include r&d, an "exémplary lessonware’ project, tv
programs for teachers, and the development of a Canadian Educational Microcom-
puter (CEM). The BILD industrial development program has allocated $3.6M over

two .years t; CL. '

A basic decision in planning for CL is whether to "make or buy" equipment and
software., Ontario has decided to try and promote Canadian capabilities in both
hardware and software. Other provinces have taken the opposite approach, buying
Apples and subscribing to MECC for content. °"The western provinces have empha-
sized Apple-derived systems (i.e., either Apple or Bell & Howell units)9 and
MECC content, which is in Appie format. Thus there are two diverging paths:

the "buy what is best and available" approach (with empﬁasis on Apple), and the

"develop a Canadian product" approach.

Ontario's plan to promote a Canadian Educational Microcomputer is based on a
subsidy to schools, who would receive a larger provincial grant for equipment
if they purchase an approved microcomputero23 Several Canadian manufacturers
have shown interest in meeting the specifications for an approved CEM. One
company in particular was formed expressly to make such a micro: CEMCORP set
out with the aim to not only become the major beneficiary of the province's
granting scheme, but also to produce a worldeclass product for export.24 How-
ever, CEMCORP has had problems in its financing and its organizational structure,
as it attempted to attract the money and commitment of participants who could
see equal or better opportunities in proceeding with a similar CEM of their own.
A_further. problem CEMCORP faces is the highly competitive nature of the micro-

computer world, with a‘myriad of entrepreneurial firms and season competitors.

Ontario has also emphasized content development. A request for proposals served
as a form of talent search and identified 57 would-be authors (out of 500 res-
ponses), who are now being coached in writing lessonware. There is also talk

of a provincial crown corporation for content development.

Finally, Ontario employs- a number of participants in CL: OECA for tv programs

on computer literacy for teachers; the OISE (one of the few established centres

of CL expertise) for cohfedt‘dévéloﬁmeﬁt; and joint planning between the Minis-

tries of Education, the Ministry of Industry, and BILD.
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And so a pattern emerges, as Ontario emphasizes hardware and software -development
and other provinces try to organize and train. The major ventures outside of
Ontario (and one in which Ontario was an initiating force) is the indexing and
cataloguing project in which several provinces are participating, which could be

a forerunner to a clearinghouse.

However, the question arises: what is being organized? What content is to be
indexed and used? Most content to date is generally held to be of poor quality.
Secondly, without de&elopmental projects (to support the up~front costs of con-
tent creation-under weak market conditions) it is unlikely that Canadian soft-

ware'will>be~developed at this 'timeo25

If Ontario is a leader in CL, will other provinces cooperate? Quebec as usual is
on its own because of language-~it will have little interest in sharing clearing-
houses with other provinces, for example, and will have to develop its own clear-
inghouse and probably its own content. Also, the development of microcomputers

in education has been slow in Quebec.

In English-speaking provinces, needs will tend to develop in similar ways, and
there will be a tendency to support a Ganadian hardware product, or use Canadian
material. Other provinces would probably buy a CEM if it could compete with

other micro's in price and performance, and if good content was available for it.

‘Because different microcomputers are incompatible, content is a major influence in

a purchasing choice. The decision to buy a CEM may amount to a comparison between

CEM content and MECC--or upon CEM's capability to use both CEM and Apple-format
material. - ’

There are some indications of cooperation among the provinces in CL at present——
fof~examp1e, tHé;indexing-prdject that is now-underway -and .that may lead to a .
clearinghouse. However, there has been no strong mechanism for cooperation and
planning among the provinces. Yet, in few cases are policies being pursued as a
result of.ironclad; conflicting philosophies towards CL. Rather, most policies

have been ad hocy, and in all likelihood there is ample ground for cooperation.

The absence of coordinative mechanisms weakens the planning base for CL develop-
ment, and may weaken CL markets as incompatible systems are put into place. Also,

without cooperation, some disagreeable outcomes are possible,.if Ontario's
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development plans succeed: if Ontario's material “is good, other provinces may
not be able to use it because they have incompatible systems in place., Or if
they do use Ontario products they will do so as a passive audience, whereas
with cooperation, exchanges of material and shared authoring projects are more

likely to occur.

Qutcome

There are numerous pbiﬁts of interface between govermment and CL, as government
.acts either .as educator/trainer or industrial development strategist. But these
interfaces have been weak -connections. Apart from planning for micro-

computers in schools (where provincial ministries have been forced by circum-
stances to take note of CL), thefe is little interest in CL on the part of those

who either fund projects or who could act as major users of computer learning.

There are more specific problems as well. There are cases where roles are con-
strained: for instance, though the federal Employment and Immigration Commission
funds a great deal of training, it has had no direct role in curriculum develop=
ment, and encouraging CL would have been difficult even if desired. There have
‘also been weak roles: the Council of Ministers oﬁ Education, for example, has
not been a forceful organization and the NRC'S Associate Committee on Instruc-—
tional Technology has failed to promote computer 1earning'r&d. And there are

also gaps. There is no granting mechanism to support CL projects at this time and

CL does not fit the criteria of two main funding councils,; nor does it fall within

the domain of any federal department, which could either fund projects or promote

CL among other policy players.

To a considerable extent these problems reflect the federal/provincial split jur—

~isdiction. in ‘education. This is the reason, for instance, that CEIC does not

directly arrange training courses though it supports their costs. This is also
the reason that there is no federal funding chanmel for r&d or for special pro-

jects in educational technology. The Education Technology Branch that existed

within one federal department was disbanded some years ago. In contrast in the

US, the federal govermment also.has no jurisdiction in education but nonetheless

has ‘had an active role and particularly has supported educational techmnology, in-
cTuding computer learning'r&d,26
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The indifference to CL also reflects a narrow understanding of major changes
occurring now in education and training. Training, and the federal role in

training, are in a state of flux and the systems of the past have been critic-

~ized as inadequate. How will the widely expected new demands for training be

met? Neither training planners nor industrial strategists are thinking about
the role that new technology could play (though technology is, in fact, a causal
force that is generating new- training needs). In schools, the spread of micro-
computers is being treated as a peripheral interest that requires some degree
of organization, while it ‘is more 1ike1y to be a revq%ution that eventgally will

change the:-school ‘system itself. - .Fey planners -seem attuned to the perscom market=-

- either the software opportunities that lie there, or the way in which perscoms

cogld fit trends in "continuing education" at post-secondary levels. Meanwhile,
as computerization continues, post-secondary education is sleeping, neither pre-
paring needed expertise, nor moving to use new CL technolpgy itself.
Thus there is little sense of the role that Qomputer learning is likely to play
within a few years. It is expected that work will be computerized.: there
are studies of employment impacts, and programs to stimulate industry in office
.automation, robotics, etc. Is it not likely that learning will be computerizedas’
'Well? Byt there is scant attention to CL in the present policy content, and the
CL industry finds:
. inattention to CL by high~tech planners and by major potential
government users of CL (such as the military or Employment and
Immigration) ' ‘
. a lack of aggregation in provincial education markets, which
reflects not only the autonomy of educational institutions but
also the absence of coordinating mechanisms :
. a blind spot in funding for either computer learning r&d or develop-

- . mental projects.

Ontario, meanwhile, stands out in some contrast to this overall pattern. Its
industrial planning program has given attention to CL hardware and software
industry stimulation- and to advanced ré&d, énd planning has occurred to use pro-
curement in schools to develop Canadian industry. While some have criticized
Ontario's concentration on microcomputers in schools, nonetheless the province

is remarkable for its efforts, given the larger policy environment for CL.
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Ontario has combined two major perspectives: that of the‘pser of CL
for education and that of the industrial development strategist. As
this chapter has shown, on a national level a number of policy players
are involved from both these viewpoints. Liason and co-operation are
critical. Piecemeal efforts to develop computer learning are not only
inefficent; with the incompatibilities that characterize CL today,

such efforts may work at cross—purposes,

-

Thus in the policy environment described here there are several needs

in the development of CL:

(a) increased attention to computer learning among govern~
ment institutions who undertake or set policies for

education and training;

) (b) increased attention to CL among industrial strategists

in government;

(e) improved mechanisms of liason and co-operation to

advance CL.
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FOOTNOTES: CHAPTER SEVEN

1See Appendix II.

2See Appendix I.

3Council of Ministers of Education, Canada, Liaison, July 1981 (quoting

- from the "Agreed Memorandum" adopted by the ministers responsible for education

- in.1967 to..establish the Council).

4Parliamentary Task Force on Federal Fiscal Arrangements (1981).

5 A : . .
These training programs are described in Chapter Four.
6 . . . ,

If, for example, an institution wants to offer a particular course, and
knows informally that the federal government is prepared to support it through
seat purchases, unless the provincial training budget can first support the
course it will not take place. The province funds the course initially, and

when attendance begins it sends a bill to the federal government.

7See Canada Employment and Immigration Commission, Task Force on Labour
Market Development (1981), and Parliamentary Task Force on Work Opportunities
for the 80's (1981).

8The Honourable Lloyd Axworthy, paper presented to the federal-provincial
Conference on Skills Training for the 1980's (Jan. 11, 1982), p. 30.

g;hig., p. 2.
10The measures proposed have included: levy-grant systems, payroll-tax
systems, accelerated write-offs for equipment used in training, and levies by
industry associations to support training centres. Parliamentary Task Force on
Work for the 80's (1981), p. 79; also C.E.I.C., Task Force on Labour Market
Development in the 80's (1981), p.-169. 7
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1lsee paper presented by the Honourable Lloyd Axworthy at the Federal-
Provincial Conference on Skills Training for the 1980's (Jan. 11, 1982).
123111 C-115, An Act to Establish a National Program for Occupational Train-
ing (as passed by the House of Commons, June 22, 1982).

13See Cﬁapter 4 on training.

p .
1’The Sclence Council of Canada is another federal council, which examines
policy issues.. It has been interested in computer learning as part of a long-
term scrutiny of "The Information Society," and also as part of an interest in

Science and Education. It has identified problems in the development of computer

learning in the past.
15ITC is now being re~organized to combine with certain sections of the
Departments of Regional and Economic Expansion and External Affairs, and form a

Department of Regional and Industrial Expansion.

6Five centres were originally planned, but the number was doubled to
establish one centre in each province. Each will now receive $1M over 5 years.

17Ontario, BILD, "Building Ontario in the 1980's," (1981).

_ 18The IDEA Corporation (Innovatio Development Employment and Advancement)
is being established to coordinate r&d development, to promote work on new tech-
nology, to increase skilled manpowér, and to'facilitate use of the technology in
industry. IDEA ﬁill also coordinate and fund five research centres, including a

Microelectronics Development Centre in Ottawa.
19Ontario, BILD, "This is what was done in the first year," (1981).

20National Research Council (1982).

2lysErc (1982).

) 22ECC0, proceedings of the ECCO Working Conference, Dec. 1980 (Des Dixon,

chairman of the Ontario Teachers' Federation).

- . .
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238ee Appendix III.

24CEMCORP is discussed further in Appendix III.

Incompatibilities and copyright problems make the educational market

unattractive.within Canada (see Chapter Six).

268ee Appendix Iv.
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CHAPTER EIGHT POLICY APPROACHES TO COMPUTER LEARNING

This chapter focusses on the strategies and policy mechanisms.that can be
applied in -advancing CL, and also on the question of what should be targetted
--particularly stressing the importance of software, which is often neglected
while hardware dominates the attention of industrial strategists and other
planners. In addition a number of intermational examples are given of ap-

proaches toward CL development.

Strategies in CL Development

There are a large number of policy moves that can be made in CL development, but
they can be thought of in terms of a .small set of strategies. A policy

planmner could variously decide tos

i) build up knowledge, cultivating a receptive enviromment for CL;
ii) organize content supply;
iii) organize the hardware market;
iv) act as a "catalyst user" or major client for CL;
v) fund r&d and exemplary projects;
vi) subsidize either manufacturers, authors, or users of CL;
vii) create supportive conditions of business, through tax conditions,

financing assistance, export market support and trade arrangements, etc.

Exhibit 8-1 lists these seven approaches and also categorizes the main policy

~mechanisms that are associated with them.

The bulk of the actions taken by the provincial governments towards microcomput-
ers in schools.havg served to build up knowledge (e.g.,teacher training), to
organize content supply, or to.organize the hardware market . These moves re-
flect the outlook of teachers, who need information, want help in getting con-
tent, and are inconvenienced by incompatibiiities between microcomputers. In

large part the Ministries are responding to teacher pressure. Only Ontario has

I
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combined the educator's viewpoint with indystrial development, -and has funded
r&d, supported exemplary projects and engaged in subsidies (i.e., grants to

schools).

Because local school diQisions act indi?idually, the ministries' policies are
facilitory only. If, for example, standardization of microcomputers was desired
to reduce {hcémpatibilitiés, a ministry could devise procurement policies to
encourage schools to make certain choices, and perhaps use subsidies to tip

the scales. De facto standards may well emerge, either through market forces

‘alone  (--two kinds of operating systems are-now becoming dominant, for instance)

or through ministerial influence. Ultimately, however, even in the school
system purchase choices are ideosyncratic, based on particular needs and pre-
ferences.1

While provincial ministries have been most active in CL policy, there are other
potential actors in computer learning development. Both C.E.I.C. (Canada Man-

power and Immigration Commission) and the military could act as "catalyst users"

-for CL with stimulating effects on the CL industries, applying the features of

computer-based training (simulation and reduced training time, flexibility in
time and place of training, etc.), to meet their enormous training responsibil-

ities.

Finally, government departments and agencies interested in industrial develop-
ment (such as Industry, Trade and Commerce, provincial ministries of industry,
and NSERC, a federal funding counéil), could concentrate on the latter set of
strategies delineated here: funding r&d and exemplary projects, engaging in
subsidies to nuéture high-tech firms, and creating favourable conditions for

business.

R&d is a virtual necessity in CL given the primitive state of hardware and soft-
ware development.  Long-term r&d must be supported by government, internally or
in universities. Because the creation of expertise is an important goal in CL,
the university setting is preferable. Meanwhile, short-term ré&d is best achieved
by tax measures and other incentives that encourage industry to undertake r&d
itself. There are difficulties when government tries to pick winners in award-
ing r&d grants to industry, and furthermore ré&d costs are a fraction of the.

costs of taking a product to commercial success. Industry is best at self-

) selecting its own r&d projects, and may prefer tax measures to dealing with the

red tape of applying for ré&d grants.
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Exemplary projects are projects which set up working models that people.can use,

assess, and improve upon. An example is the Ontario Ministry of Education's

- venture in exemplary lessonware, where $2M has been allocated to create a pool

1

of excellent material. The National Science Foundation in the US has funded a

number of special projects in the past that continued their existence on a com-

mercial or partially-funded basis (such as the CONDUIT clearinghouse for CL
content). ‘Exemplary projects have a number of strong points as a strategy in
CL development. First, interest in CL can be stimulated among a wide community,
by the process of réquesting proposals to undertake the project. Secondly, a
special -project could have hardware, software and content .components, thus in-

"volving different sectors of industry at the same time. Third, the project A
builds up expertise. And fourth, a special project is a visible undertaking
that builds awareness of CL potential.

Subsidies are possible in many forms. Industrial development departments could -
give funds to high~tech firms who produce hardware, operatiomal software or the:
applications themselves. A special program to fund CL projects would mobilize
industry interest in this area. Subsidies can also be given to user markets,

as the Ontario Ministry of Education has donme in extending grants for the

purchase of microcomputers in schools. Subsidies for the use of CL through

government training programs are also.possible. For example, preferential

terms could be given to firms using computers to train, through the C.E,I.C,

programs that fund training in industry.

The supportive conditions of business are perhaps the most important factorin'
industrial development at present. A major problem in CL industry concerns
cash flow, especially when the product is a software application with high up-
front development costs. Industry will respond to tax incentives, and to in-

-centives that encourage the development of software in particular.’Also, export
market capability is an area of considerable weakness in Canada and given the
importance of exports in a country of small market size, policy aid in this

. area can be extremely useful.

The policy choices towards computer learning that have been discussed here can

be thought of in three broad categories:
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CREATE FAVOURABLE
CONDITIONS
FOR CL BUSINESS

-build up knowledge

-organize content
supply o

-catalyst use of CL
»r&d funding grants

.osupportive financing

and tax conditions

~encouragement for the

cexemplary projects
pLary proj software industry

-organize* the

hardware market -subsidies: grants to

nurture high-tech
firms,_ or support -
given to user markets

-encouragement of r&d
supported by industry

rencouragement of
expansion into
.export markets

As might perhaps be expected, the provincial ministries are concentrating their
efforts on solving problems in marketplace conditions, where immediate pressures
are felt. The risk that results is that the market will be organized--only to

import US products. The quality of CL applications is also a concern.

In the educational environment, among provincial ministries a more forceful
position is called for. Financial support should be given to content develop-
ment for microcomputers and to exemplary projects at the post-secondary level.
in training, catalyst users for CL (such as C.E.I.C. or the military) could
advance CL in Canada enormously. Finally, industrial development policies
should concentrate on creating favourable conditions for CL firms., While long-
term r&d in universities must be funded, industrial policies should work not
only to subsidize a few firms but rather to set a generally encouraging environ-
ment for CL. Policies should in particular provide favourable conditions for

software development, and for export trade.

~ Area.of Emphasis

- Policy moves taken to encourage computer learning can be aimed at five target

areas in CL activity: hardware; software (operational software or CI, applica-
tions); teacher support; learner awareness; and telecommunications. Exhibit 8-2
lists these five elements in cémputer-learﬁing along with the main policy strate-
gies associated with them. Apart from the attention given to teacher Eraining'
by provincial ministries, most of the emphasis in computer learning policies

falls upon either hardware or software.

-
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AREAS OF EMPHASIS IN COMPUTER LEARNING DEVELOPMENT .

and policy strategies associated with them

HARDWARE

. organize the hardware market

. act as a catalyst user

. fund r&d and exemplary projects

. create supportive conditions for business
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—-portability
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' * organize content supply
“act as a catalyst user
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mk .
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In almost all aspects of the computer world hardware has dominated the attention
of industrial strategists at the expense of software (the recent government
development of Telidon being a case in point). Chapter Six discussed a tend-
ency for software to be treated as a product that is second best to hardware,
despite the flourishing growth of the software industry. Traditidnally9 indust-
rial planners have felt that hardware production generated more employment than
software. Once the software is written, reproduction requires little manpower,
while hardware frovided manufacturing sector employment., With automated manu-

facturing, however, this is no longer the case.

Still, software, because 1t is an intangible good, remains an awkward product.,
Though software sales are growing faster than either hardware sales or computer
services, the software industry has only recently begun to receive some encour-

agement in industrial development policies.

Content is the missing component in CL that is most then emphasized. While the-

hardware market (especially for microcomputers) is highly competitive, there is
a dearth of applications in all forms of CL. Furthermore, the purchase of ap=
plicationé is open~ended--more and more software can be bought and used. As
hardware costs continue to drop and more customers buy software éhan write it,
one foresees the day when hardware is merely a cheap vehicle for packaged soft-
ware applications. TFurthermore, applications will drive hardware purchases.

In industrial training, hardware is acquired to deliver courses, and in schools

the availability of good content will influence the cholce of microcomputer
bought, . -

Finally, software has export'potential, in education, training and consumer

- markets. A-number of applications areas seem promising for export, implemented

.on microcomputers or on larger computers. Most obviously there is an enormous
demand for training in new computer skills: how to use microcomputers, how to

use new electronic office equipment, how to write software, etc. It makes sense

for this training to be computer-based. In industrial training, there are trends

towards "generic'" modules which suggest a resale potential for courses developed by a

-

'
I
’

firm- for its own traiming, and also suggest that a packaged software market will emergel

as well as microcomputers diffuse. Also, Canada can draw on expertise to create traini

applications in specific areas, such as the use of equipment in the resource
PP. P) :

1}
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industries. There are immense needs internationally, in less industrialized

N

. . . . 3
countries, for training in the use of new equipment,”™ and CL could serve as

a learning tool.

In the school market, the incompatibilities and copyright problems that fragment soft-

rware opportunity in Canada are not so crippling in the US market where hund-

reds of thousands of microcomppters are in place, and there too teachers com-
plain of the lack of good software. Aiso in the US, the advent of a sizeable
market of "perscoms' available for personal use is a near prospect, and a new

and unprecedented setting for learning applications will unfold.

It is software, particularly applications software, that should be emphasized

in policy to develop Ct.' In the educational system, the lack of good content
has been decried for years. In response, the strategy taken when NATAL develop-
ment began a decade ago was to develop an authoring language that would enable
bountiful and easily-shared content to be made.. NATAL has brought forth little

content software to date; rather the development of the authoring language be-

came an end in itself that absorbed ten years of attention. Now, the dominant response

to the lack of content in schools is to merely organize content supply. Simple,
direct support for content development is needed--by provincial ministries
funding lessonware, through exemplary projects in post-secondary education and

training, and through catalyst users for training such as C.E.I.C.

So far, only Ontario has funded a content development project. Ontario is also
endeavouring to foster a Canadian manufacturing capability in hardware by giv-
ing schools grants to buy a CEM (Canadian Educational Microcomputer). Some have
criticized this effort, arguing that microccnputers are cheap and plentiful and
likely to become cheaper still as Japanese firms enter the market. In Taiwan,
replicas of Apple computers-are sold tor a few hundred dollars. It seems that
microcomputers are not difficult to make and that they can be manufactured for
a very low price. If this is so, why not make them in Canada? The terms of
Ontario's support for microcomputers in gchools may not be enough for a néw—
comer like.CEMCORP to build upon (i.e., there is no firm commitment that any
one type of system will be bought), but soﬁe CEM's will probably be made. If
many millions of dollars are to be spent by schools in the next few years on
microcomputers, and if products that compete in price and performénce can be

made in Canada, it makes sense for Canadian industry to benefit in some: way.

.The pool of Ontario-made software (or compatibility with additional software

makes) may become a selling point that a Canadian product could exploit; the

availability of quality software sways many purchase decisior for micrcomputers today.
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The dangers are that schools will be pressured to buy higher-priced products,

either because of a "Cadillac" design or because machines simply cannot be made

puter but the ACORN is now made in Hong Kong. One may have to re-think what

kind of industrial benefits one wants and what is achievable,

as cheapl}; in Canada. Britain, for instance, is promoting its ACORN microcom- l
Ultimately,. however, the emphasis must lie on software. The software industry '
provides new kinds of jobs while the manufacturing sector is increasingly auto-
mated. Software is a flourishing industry with export potential, either through
custom-—.made.applic‘at,ions"- for clients or through packages. While facili- l

tory software is needed in a few key areas (such as portability), applications

software is the substance of CL.

International Examples

There are a number of examples worldwide of policy moves taken .
learning, and several are described in Appendix IV. While these examples are

intriguing as comparisons, their relevance to Canada is limited in two wéys:

many cases is still unproved. Nonethelegs, a few distinctive approaches to CL
stand out,

France

France has a kind of monolithic educational system, controlled by the state, in which

all teachers are state-employed. Thus long-term and wide-reaching planning can
be done.

the policy environment differs from one country to another and also success in l

In pre-microcomputer days, France began an extensive program of teacher training,

for education. These teachers then worked on courseware projects. Standardized
hardware was used, as was a single programming language created by a French post-
secondary institution. Now, with the advent of microcomputers, there is an am-

bitious project to piace 10,000.micr0c~omputérs in schools. The trained cadre of

teachers will be used to educate other teachers about computing, and all-micro-
computers will be made-in-France.
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The French project exemplifies the state-planned approach, whose advantages
include the ability to settle compatibility questions by decree and to

support indigenous manufacturers.

The success of the microcomputer project remains to be seen. Meanwhile,
France has-also adopted an international perspective toward computer

learning, establishing a World Centre to develop microcomputer technology
with a long~term research vision and with emphasis on the educational

needs of the Third World.

Japan’

Japan has a yet more ambitious long-term research initfative which relates

to computer learning, though it is not specific to CL’deQelopment. The -
"fifth-generation computer" project aims to create highly advanced artifi-

cially intelligent computer systems.5 The goals envisioned may not be

attainable within the time frame that has been set; yet through the r&d

effort set in motion, it is believed certain that "windfall" commercial

products will result.

.
‘.

‘Britain

Britain provides an example of what might be called middle-of-the-road
state intervention in the development of CL. The go§ernment influences
industrial development through procurement policies that induce the
purchase of certain microcomputer systems—-similar to Ontario's plan

to encourage schools to buy CEM's (Canadian Educational.Microcomputers).l
Support is being given to two chosen microcomputer manufacturers through
two related plans. First, a BBC tv series on computer literacy includes
a new role for the broadcasting agency as a sales representative for

the AGORN microcomputef. (The BBC receives a certain per cent of sales
revenues.) Secondly, a government subsidy is available to schools who

purchase either an ACORN or a second approved British-made microcomputer.
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The ACORN, however, while still British, is now made in Hong Kong, -where

it can be assembled more cheaply. The industrial gains sought by policy
have proved somewhat complex. Also, a risk associated with such procurement
policies is that schools may be led to buy systems that are not their

best choice.

Britain is also remarkable in the area of CL for the NDPCAL, the National
Development Program in Computer-Assisted Learning, an initiative which took

place during the seventies to stimulate the creation of computer learning

. courseware. .Many of its projects are still in operation years after NDPCAL's

end.

U.8.5 National Science Foundation -

Britain's NDPCAL project is an illustration of the use of exemplary projects,

and in the U.S5. as well exemplary projects in CL have had success. The NSF

(National Science Foundation) has a lengthy history of support for "proof of

concept" projects in CL, and provided critical funding for the PLATO, TICCIT,
and LOGO systems during the early years of CL. The NSF also established
several clearinghouses and educational networks, and more recently has

funded interactive videodisc projects.

NSF's activities also provide an example of a federal agency playing a

role in education in a country where (similar to the situation in Canada)
education is not a federal respomsibility. Im the U.S, though no federal

agency is active in any educational institution, there has nonetheless
been substantial federal involvement in educational subjects. This includes
the long-standing interest shown by .the NSF in computers and education.
In addition to funding CL projects, the NSF is particularly interested

in computer literacy and in the development of the computer sciences in

the educational system.
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U.S8.% The Military

Another major influence in the development of computer learning in the

U.S. has been the military, which has acted as a major user -of -advanced
CL technology. Various military ageﬁcies have in particular funded the
development of videodisc technology, and helped to build expertise in a
number of CL firms. The U.S. military has been the major catalyst wuser

of CL to date.

/7

- Also in the U.S., 1982 saw the possibility of a massive give-away of micro-

computer systems to schools by microcomputer manufacturers. Proposed changes
to the tax act would make it feasible for such donations to be made, and
Apple Computer Inc, (which devised the plan) has promised to donate an Apple
to each of the 103,000 ;choolé in the U.S., giving an enormous boost to
computer learning and computer literacy-—and hopefully establishing market

dominance for itself.

A few lessons stand out in this set of international examples‘of~initiatives

in CL. Exemplary projects have shown considerable success, in the experience
of both the U.K. and the U.S. The long-term perspective required for

research and for developmental projects is also underlined, in the history

of the projects funded by the NSF (which were supported during long years

of r&d), and in the long-term projects established recently in Japan and France.
The NSF's role in education in the U.S. is also of interest as an example

of a federal agency's concern with a certain éspect of educatioq that does

not overstep state responsibility for education itself.

In many ways, however, each country's approach is unique to its own politiéal

. and .social environment and it is difficult to draw out implications for Canada.

Also the success of the more recent initiatives remains to be seen.

Within Canada, the Department of Communications (DOC) has provided a certain

model of industrial development in the high technologv area recently, with

- ————— e —— e - - v 4 vt s r NN

its Telidon project. The Department "fathered" Téliden technnlogy in its government
labs, and has supported it with field trials and other mechanisms (an
Industry Investment Stimulation Program, international standards-setting

activities, public awareness and conferences, and so on).
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The success of Telidon is still uncertain--whether it will flourish at all,

or whether if it is successful, Telidon products will be made elsewhere
while Canada consoles herself with parental prestige. International
competitors (also supported by their respective governments) with budgets
that dwarfed the DOC efforts have been one problem; the promotion of hard-
ware at a time when no applications existed was another. Both show some

of the risks of the parental approach.

The international examples discussed here have been financially supportive moves

~to encourage CL .(through subsidies, support of teachers .to train .in ard use (CL,

funding of :r&d and exemplary projects, and catalyst use of CL in the case of the
US military). Apart from recent initiatives in Ontario, the Canadian scene ap-
pears weak by comparison. Provinces have instigated procurement policies for
schools without any elements of financial aid, teachers investigate CL on their

own initiative, r&d has been weak, and so on.

Rather than only organize the marketplace for CL, by facilitating content supply
and hardware acquisitions, a strategy of more forceful financial support is
called for-~for content development, to train teachers (through resource centres,

scholarships, ete.), for exemplary projects and ré&d, and through catalyst use
of CL.

Beyond such moves, however, industrial policy should focus upon a third broad
set of policy strategies identified here: creating favourable conditions for
CL businesses themselves. Policy moves include financing assistance (loans
under favourable terms to provide cash flow, for instance), tax incentives, and
export marketing support. Finally, this chapter has also emphasized the point
that software development should particularly be favoured, and no longer treated

as second-best to hardware development.




1

- (ko 'ﬁ‘ " -' .

-

r

D 4, t .
gy — -~ - — e - — ——— —_— - -
RS N Bx Be B Ee Bl Sav fow _lan BN A
X ¢ ; i , : : . ? o . g = -

MR B NN

158,

FOOTNOTES: CHAPTER EIGHT

1 \ . . s R . cns
The setting of standards is also criticized because it can immobilize
technical development. More emphasis is placed at present on software link-

ages between incompatible systems.

2The development of videotex and teletext in general have been caught in

a "chicken and egg" problem: no software applications are being written because

-no-market of hardware is in place, and at the same time no customers want to

buy hardware because there is nothing to do with it. Thus Telidon has been

called "a technological solution in search of a problem."
3. .
Wills, op. cit.
4Appendix IV has more details.

‘ -SSee inset on artificial intelligence, Chapter 2, and also Appendix IV.
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CHAPTER NINE CONCLUSIONS AND RECOMMENDATIONS™

Canada has held an advanced position in computer learning through the long
years when CL existed only as a special interest among a few individuals
within the academic world. Now commercially attractive CL markets are
evolving in education, training and in consumer markets for informal

learning as personal computers spread. Computer learning is becoming a

... real world phenomenom with promising potential.in intermational markets,

and it involves multiple facets of the high technology sector == hardware
manufacturing, software prdduction, telecommunications systems plus
assorted consulting services. From an industrial viewpoint, CL is ripe

v

for attention.

CL development has been, and continues to be, closely connected to
government and policy. A considerable number of government players
impact CL, both from the perspective of actual use of computer learning
to teach and train, and from the perspective of industrial development.
The policy enviromnment for CL is complex and includes both federal and

provincial actors, whose interests are complicated by split responsibilities

in education and training.

At present, despite the substantial influence of government, support for
CL in Canada is weak, and higher profile industries hold the attention of

planners. Also, the substance of CL is software, which has been a lower

priority industry, overshadowed by hardware manufacturing. Furthermore,

little research -and development has been supported in computer learning

- in- Canada -- despite the fact that all major CL systems of today are the

fruits of years of research and development, and computer learning at

present remains primitive compared to the potential of systems based on
artificial intelligence.

* This chapter was co—authored by Russel M. Wills., The authors are grate~
" ful to Dr. Dorothy Phillips of the Department of Communications for the

use of policy material from Wescom's national evaluation of the Telidon

field trials (1983) and to Ontario's Ministry of Industry and Trade for

the use of material from "Softech: A Microelectronics Guide" (1982).
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Those government departments which undertake training have paid scant
attention to CL —~ even though pressures fmr'impro§ed training have become
acute, and the computer:offers. certain advantages in many training settings.
Lastly, the school market (where the use of microcomputers is rapidly in-
-creasing) is problematic, fragmented by incompatibilities and troubled by
copyright problems, Teachers bemoan the lack of quality content, but still
the market is unattractive to many in the CL community in Canada. Most
provincial ministries of education have devised some response to CL, but

the policies pursued in most cases have focused on organizing software

supply (i.e. -through the establishment of clearing houses) and reflect

. little thought for the long term implications of weak content development,

or effects on Canadian industry if extensive importing occurs. In fact,
diverging policies between different provinces increase incompatibility
problems and make conditions more difficult for would-be Canadian software

suppliers,

Finally, industrial development programs to aid CL firms can be expected
to quickly bring responses from industry. Industrial de&elopment efforts,
howe&e:, should concentrate on creating favourable conditions for busimess
generally: policies should place less emphasis on awarding grants to
select firms than upon establishing a generally supportive environment.
The software industry in particular presents certain needs (such as dif-
ficulties encountered in seeking financing, for instancel), that should be
addressed by supporti§e moves.

It is a broad conclusion of this study that more direct development and

Cexport support £otr CL (in addition to organizational and secondary activity

e i ) I

for: quality content is scarce at present and could be sold domestically and
exported abroad, Also, without strong content development, the likelihood

of.evolving into a passive market for U.S.-made material is high.
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More active financial support for computer learning is also recommended

in several other cases: through "catalyst use” of compﬁter learning by
government departments; through grants to universities for long term re-
search and development; and through exemplary projects.

However, it must be noted that CL software and technology are in a relatively
early stage of development, and we are only beginning to understand how CL

will be used and what kind of markets will evolve. It is impossible to plan

-with certainty within the frame of references on the status quo. This fact

particularly makes selection processes difficult, in funding research and
development or exemplary projects, or in awarding grants to specific firms.
However, any substantial effo;ts in CL at this time will build up :expertise
(an important secondary bemefit), and lead to hardware and software improve=
ments. While one cannot second-guess the future, support for specific
projects now can mobilize CL resources, while accompanying policies emphasize

favourable conditions for industry in general.

. A number of specific recommendations for computer learning policy are

offered below. A key recommendation presented in this report concerns a
need for a co-operative mechanism. Given the number of government actors
involved in CL development from the educatipn/training and the industrial
viewpoints, the risk of fragmented activity is high. TFragmentation in the
case of computer learning implies both disjointed activities and technical
incompatibilities which partition the markets for applications software.
CL also needs a proponent in the policy environment: a party which can
make its case before those deparfments responsible for tax policy, for

instance, and liaise with the various government players whose actions
impact CL.

Recommendations

1. Given the policy hiatus in -computer learning between the provinces and

the federal govermment and the lack of direct federal influence in this
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area, it is recommended that a new governmental branch devoted to computer

learning software and hardware be instigated.to more immediately deal
with the myriad of CL issues discussed in this work. “Such a new branch
would be most appropriately.placed at the Departmeni of Industry, Trade
and Commerce or the Department of Communications, but must involve
persons with trade and export expertise., If such a branch were placed

at Industry, Trade and Commerce, it is important that its role not be a
restricted one, limited to concerns of industrial development. Although
such development .should be the .main focus, what is suggested here is a
major effort of guardianship and promotion as has occurred with the
Telidon and office automation projects. Also, the National Research
Council's Associate Committee on Instructiomnal Techmnology (ACIT) should
be strengthened and equipped with full-time resources to become an active
player in the development and promotion of computer learning and should
liaise with the new government branch devoted to computer learning and
training. With its technmological expertise in CL, the ACIT should serve
an advisory role to the new govermment branch. Thus, stronger ties

with those concerned with industrial development than ACIT has had in the

past will be necessary.

At the same time, a NRC committee focused on CL could appropriately
administer a grants program for éxemplary projects in computer learning
and give advice on NSERC and SSHRC grants funding in CL. There is a
co-ordinating role to be played as well, where those who are interested
can find information relevant to the CL industries —- market information,

names of Canadian firms, provincial educational policies, and so on.

The government should immediately instigate field trials of CL software
and hardware. These trials should occur in government departments and
training programs with real needs and should be directed toward the

industrial development of the Canadian CL industry.
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The government departments dealing with industrial development must
give greater attention to CL. While some grants could be given to

nurture high-tech firms or to support specific research and develop-

..ment projects. in industry, .emphasis should be placed on creating

favourable economic conditions for CL firms generally.

Favourable financing and tax conditions should be promoted, especially

for the software industry, and are subsequently detailed. Tax con-

~ditions should also promote CL research and development within industry.

Federal tax policy is the responsibility of the Department of Finance;
nonetheless some party with a specific interest in CL will be required

to propose that favourable tax policies be set.

Providing market information is another necessary function -~ e.g.
studies could be funded on the domestic and international markets for

CL, which are poorly understood at this time, particularly tra'iningo2

The development of export markets should be emphasized, and in par-
ticular the educational micro-computer of the CEM Corporation could
be used as a vehicle for sales of Canadian training/educational soft-
ware throughout the newly industrialized countries of the Pacific Rim
(whose industries have expressed considerable interest in computer=

based training) and elsewhere.

Canada is a -small market and is highly permeable to imported products
in CL, which must be offset by world-quality exports. A variety of

mechanisms can be brought to bear to encourage expansion into export
markets -~ favourable trade agreements, financing aid, market intel-
ligence, information on how to do business internationally, represen-

tatives abroad to provide information and contacts, and:socon.
Export potential should also be considéred in awarding funding grants

to firms. Also, greater attention should be paid to markets outside

of the traditional trading patterns of the past (i.e. the U.S.).
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It is recommended that a Canada-Singapore Insfitute for educational

technology and software by investigated as part of a CL export effort.

Singapore, one of the so-called "miracle countries" of Southeast Asia,

serves as a shopping window for techmology for millions of Asian people.

Given Canada's excessive market dependence on the U.S. and the need to
diversify Canadian .exports into regions. of the world such as Southeast
Asia, it is recommended that the feasibility, costs and benefits of
establishing a Singapore Institute for Canadian educational technology
and the role it could serve in increased export diversification efforts
to this part of the world be examined. Possible benefits which could

accrue to Canada from such an Institute involve:

a. greater export diversification for educational/training hardware

and software;

b. giving Canada an opening to a large emerging market in an area of
the world where we enjoy a favourable ideological and political

position; and

c. an improved understanding of CL market opportunities in Asian

countries.

Government departments which support substantial amounts of training
should use CL to deal with increasing training demands, and where CL

is used should support Canadian CL industries more vigorously through
procurement. In particular, Employment and Immigration, in the new roles
created for it by the recent Training Act regarding training in insti-

tutions, .should use computer-based training. CEIC could also encourage

‘the use of computer-based training within firms themselves, through its

programs of support for training in industry.
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A federal program of support for exemplary projects in CL should be
introduced by the new CL government branch proposed in the first

recommendation. The federal government has a history of involvement

_in educational technology, but there is no focal point at present for

this interest, nor is there any funding mechanisms to support educa-
tional technology projects including computer learning. Projects should
take place with provincial co—-operation; however, without a federal.
funding mechanism, such projects -seem unlikely to occur. They are most
important. in the post=-secondary setting where there is little activity
in CL but where expertise must be built up (in instructional design,
authoring, creating advanced CL software, etc.) that can be drawn upon

by a growing CL industry. .

NSERC and SSHRC (Natural Sciences and Engineering Research Council and
Social Sciences and Humanities Research Council) should establish
strategic grants programs to fund research on Al-based computer learning
in universities, and co-operatives projects between the two councils
should also be possible. The emphasis should be placed on both a number
of short-term needs (in portability of software and authoring systems,
for example) and longer term research in artificial intelligence-based

computer learning software.

Given the rapid and current commercial developments in artificial intel-
ligence in the U.S., Japan and other countries, the considerable range of
its present .and potential industrial and business and CL applicationms,
and the cost savings involve& in subStitutihg expert systems for human
consultants, 1t is apparent that Canada must develop expertise in this
field,

‘Provincial ministries should emphasize content development projects in

both training and education, and not only organize the marketplace for
CL. In addition, exemplary projects should also be funded, patticularly

at post-secondary levels where CL development is weak. Also, where
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clearing houses are established to organize content supply, their
premises could be expanded to play further roles, such as production
centres, resource and. information centres, centres for training and
demonstrations, and so on.2

The Council of Ministers of Education Canada (CMEC) is the sole
mechanism for co-operation among the provinces and has not played

a strong role in the past. Most provinces share similar problems in
CL, and though diverging courses are béing followed, in most cases the
actions taken are coping mechanisms and do not reflect fundamentélly
opposed positions. There may be considerable ground for co—operation.
The CMEC should play a much more emergetic role and provide the op-
portunity for co-operation and co-ordination between any of the provinces
who desire it. Any co-ordination in the school market will be helpful

to industry.

now turn to a more general microelectronics recommendations applicable

merely to CL but to a wide range of services and products in Canada.)

An instrument used by several countries is a more flexible taxatiom
system than Canada's to support software and research and development
in general. In some countries, e.g. Singapore, 200 percent of rein-
vestment of any firm's profits in research and development activities
are tax—exempt, and before the manufacturing use of any new imnovative
process, tax_exemptioﬁs>are granted to prototype development and manu-

facture start-up phases.

It is recommended that Canadian reseérch and development incentives
involving CL software and hardware should be extended to cover en—
gineering design and manufacture start-up costs, and firms should also
be able to write off costs of training personnel in this area. The
amount of exémptibns should also be significantly increased, i.e.

doubled, so Canadian initiations will be competitive with other nations.
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13.

14.

Export diversification incentives -- in several countries a series of

tax drawbacks have been implemented for firms which export high tech-

nology goods and services with a specified percentage of national content.’

Such a graded drawback scale should be established in Canada, giving
priority to exports of CL goods and software/services. Since an intention
of such diversification incentives is to enlarge the Canadian CL export

market from predominantly the U.S., export incentives in the form of

. drawbacks and tax exemptions .should be region-specific, i.e. they should

be higher for Pacific Rim and South. American countries.
To further encourage the formation of Canadian CL export consortia,
export tax concessions should be granted when CL exports are done by

Canadian controlled export consortia.

It is further recommended that the government iinstigate a program of
fiscal and taxation incentives for firms which have ongoing investments
in the development of CL software products, and in order tc expand
domestic and export markets for Canadian producers of CL software and
computers it is recommended that the government issue regulaﬁionsvand
fiscal incentives which give preference to software services and equip-
ment produced by the Canadian private sector, excluding those cases in

which purchase within Canada is considered uneconomical.

Since it is in the Canadian national interest to create a CL software
market not tied to specific foreign computer manufacturers, given the

extent of multi-national penetration of Canadian industry, especially

in the informatics areas, it is recommended that -computer and software

costs be more clearly defined and separated with respect to imports,

and that the government adopt regulations which preclude the inclusion

of software prices or services on the same import licence with hard-

ware equipment.
Given the fact that the Canadian education/training system does not’

provide sufficient levels of software training, it is necessary to

improve the efficiency of Canadian software prcgduction° It is thus
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recommended that the government rapidly examine the necessary measures
to ensure that Canada has sufficient personnel necessary for training
in CL software production. Here it is further recommended that the
government evaluate the quality of existing software training courses
and assess their relationship to the job market, that existing

graduate study programs in computer software be maintained and enlarged,
and that special incentives be granted to multi-national subsidiaries
located in Canada which will engage in sophisticated software training
of Canadians. Finally, since many teachers are intimated by computer

usage, it is recommended that extensive teacher training be instigated.

15. Since the Canadian software and computer sector is comprised mainly of
smail and medium sized firms, and these have extreme difficulty in
obtaining deyelbpmenf.financing, especially of software, their capacity
to obtain financing must be enhanced. Since it is also almost impossible
to establish barriers to physibal importation of software produced off-
shore, it is recommended that the Canadian government co-operate with
funding agencies to ensure that financing is provided for the development

of Canadian CL software and serviceware.

This funding should encompass all phases of software manufacturing and

also software marketing during its first year.

—

In summary, a single agency recommended in (1) should stand out as the central
player in computer learning, both to promote technological and industrial
development and exports, and also to minimize fragmented activity (which can
hinder industry in Canada and increase the likelihood of passive importation

of foreign products).

The need is:for both a central planning force .and -a gathering of interests.
The fajilure of co—operétive planning results not only in inefficiencies and
incompatibilities, but also weakens the progress of the CL industry. It

increases the chance that the old patterns of importing ready-made products
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will be followed as retraining and educational needs finally become urgent
and are met piecemeal. Ideally, with co-operative planning, education and
training needs could make use of new CL technologies, with major benefit to
Canadian firms resulting from world sales.

In the early 1980's the use of computers for learning has become as obvious
as their present proliferation in the workplace; the direct and audacious
promotion of .Canadian capabilities in this area is neither a hand-out or a

bail=out, but a perspective toward.the future based on common sense,
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For example, firms engaged in software development face high up-front
development costs, but at the same time find that frequently bankers

are uncomfortable with an intangible product. Models in solving cash-
flow problems should be explored: through government loan guarantees,
export support, preferable terms for loans, specialized funding agencies,
etc.. -Tax conditions can include accelerated depreciation, reduced tax

on capital gains and investment tax credits. Several newly industrialized
countries provide original examples of policies to stimulate software pro-
ducts, including linkages between tax benefits and export performance.

Statistics Canada could be urged to conduct further investigations in
the training area, where it has published little information for
several years.

This country has successfully instigated a development strategy which
gives predominance to knowledge-based industries such as computers,
software, automatic banking and finance, and engineering/consulting
services.

This strategy is comprised of three factors: progressive industrial
taxation incentives for the above types of firms, extensive export support,
and manpower development to meet the demands of the new brain industries
upon which Singapore is basing her future.

As part of this latter effort, several co—operative training institutes
have been recently set up in Singapore:

- The Japan~Singapore Institute of Software Technology
- The German—Singapore Institute of Production Technology
- The French-Singapore Institute of Eleéctrotechnology.

These institutes, in addition to training Singaporeans in needed skills,
serve as an integral part of trade promotion for the participating

.countries since if one.trains people in the use of specific technical
- -services of .software, one may create a future market dependence or

preference for these.
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APPENDIX I

MINISTRIES RESPONSIBLE FOR EDUCATION

°

British Columbia

Alberta
Saskatchewan

Manitoba

Ontario

Quebec

New Brunswick

Nova Scotia
Prince Edward Island

Newfoundland

Y

Ministry of Universities, Science and
Communications
Ministry of Education

Education Alberta
‘Advanced Education and Manpower

Department of Education
Department of Continuing Education

Department of Education

Ministry of Education
Ministry of Colleges and Universities

Ministry of Education

Départment of Education and
Continuing Education

Department of Education
Department of Education

Department of Education
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APPENDIX IT

FEDERAL SUPPORT FOR POST-SECONDARY EDUCATION™

‘At the time of the BNA Act in 1867, .when education was designated a provincial
responsibility, post-secondary education hardly existed. By..the mid-twentieth
century, it had become a substantial financial burden to the provinces.

A 1937 Commission (The Royal Commission on Dominion-Provincial Relations) sug-

gested ‘that despite constitutional restraints, the provinces might welcome

- federal grants to .thelr universities, .and a 1951 Commission (The Royal Commis-

sion on National Development in the Arts, Letters and Sciences) supported the
idea of federal assistance to universities, in cooperation with provincial
governments. The federal government began®a program of direct assistance to
universities in the year 1951-1952 (amounting to 50¢ per capita in each prov-

ince).

By this time, ﬁhe subsidies that universities had been receiving for veteran
enrolments had declined, and the grants were welcomed by the universities
themselves. However, the plan was less well-received by the provinces, as a
recommended intergovernmental process had not been followed. Quebec in par-
ticular opposed the grants and directed its insfitutions to refuse them. A

federal-provincial agreement in 1959 settled the issue.

The grants increased over the years until they were replaced in 1967 by the
Federal-Provincial Fiscal Arrangements Act. At that time university enrolments
were expected to double in the next ten years. The federal government proposed

a special arrangement of fiscal transfers to the provinces, based on '"foregone

.tax transfers" (i.e., the government reduces its taxes by a certain amount,

- enabling thé-provinces to raise their own taxes by corresponding amounts),

plus additiomal payments. In 1977, the Established Program Financing arrange-

ments (EPF) came into effect. - Compensation is based on population plus certain

- -economic indicators, and is made half in cash, and half through a combination

.of tax transfer- and further cash payments. -Support varies from province to

#See Parliamentary Task Force on Federal-Provincial Fiscal Arrangements
(1981), pp. 55 ff., for a brief history of the "Evolution of Federal Support
of Education in Canada."
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province. In Newfoupdland, for example, the federal share of funding of post-
secondary education operating costs was 847, and in B.C. it was 547, while the
average .for Canada was almost 617%.% (This includes a .number of direct payments

to institutions and individuals in support of activities.) (See Table o)

Other forms of federal support in post-secondary education include student
loan programs, and research funds for universitiés awarded through several
granting councils, such as the National Research Council, the National Sciences
and Engineering Research Council (NSERC) and the Social Sciences and Humanities

Research Council (SSHRC).

Recently the EPF transfers have come under scrutiny. They are large uncondi-
tional transfers to the provinces, and neither the federal government nor Par-
liament receives an accountiﬁg for these transfers. Also, the transfers are
made as block funds that also include support for provincial health programs,
and no funds are actually earmarked for educational use. It seems that the
value of the transfer for post-secondary education has grown faster than prov-

incial support for higher education in recent years.

A 1981 Task Force (on Federal-Provincial Fiscal Arrangements) recommended that
block~funding continue, but through a program that was separate from health-
care support. It also proposed the establishment of a focal point for the in-
ternal coordination of federal programs related to post-secondary education
(i.e., Secretary of State for EPF programs, Canada Employment and Immigration
Commission for Training, plus the granting councils). A further recommendation
urged greater accountability tO'Parliament; including an amnnual report which
should discuss the results of federal consultations with the provincial min-

isters (i.e., the Council of Ministers of Education, Canada) on national pur-

- poses -in education.

*Tbid.
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APPENDIX III
PROVINCIAL POLICIES TOWARDS MICROCOMPUTERS IN SCHOOLS

(AUGUST 1982)

B.C.
B.C.'s most prominent activity in computer learning has been a pilot project

using Apple II microcomputers that took place in 1980.

- The "Instructional Use :ofMicrocomputers" project was a response by the Ministry
of .Education to requests by educators that there be some investigation of the
potential use of computers in schools. About 100 machines were used, and ar-
rangements were made to use MECC material. 1In addition some seed money was
made available for local devélopment of content. The project report concluded
that- "the single most critical issue in the use of microcomputers in the
schools of B.C. was the acquisition, development and sharing of quality mater-

ial relevant to the B.C. Curriculum,"*

After this pilot project, however, plans within the Ministry of Education for a more

extensive role in CL.were curtailed by genefal budget cutbacks.

B.C. is also participating with several provinces in an indexing and cataioguing
project for CL content. Work is being done by JEM Research (a B.C.-based firm).**
The first phase of this project has been completed, producing a set of guid-

lines for an indexing system. National distribution is envisaged; though re-
gional centres may later evolve;and a standard indexing format with 26 "format
fields" providing information about content is recommended. Guidelines specify
capabilities for various output media and keyword search methods. Phase II of
. the project will design.the'systeﬁ-itse1ﬁ~and*accumulate information about

available content.

- Finally, B.C.'s educational communications authority XNOW (The Knowledge Net-

- work of the. West), has televised a course on microcomputers for teachers. -

*B.C., Ministry of Education (1981), report 03/8l.

*%Ontario and Alberta first supported this project. They suggested that
other provinces also participate, shouldering a share of the cost. B.C., N.B.,
and the Northwest Territories responded.



Alberta

In June 1982, the Alberta Ministry of Education began a comprehensive 3-year
"Computer Technology.Program.” .Aims include the establishment of hardware
standards, information dissemination about CL, coordination of inservicing
activities, and clearinghouse functions for content. The program has four
components a clearinghouse (for Apple content*qnly); an .. Education In-service
Project; the creation of an education technology support group within the

Ministry of Education; and a Minister's Task Force consisting of a number of

- "gtakeholder”" groups -to plan where--educational computing should be, in five

years time.

A clearinghouse project is underway to evaluate math material. If content is
highly rated, 1t will be treated as textbooks are-—in a recommended category,
40% of costs will be subsidized; and in an "approved" category, 15% of costs
will be supported. Varlous means to distribute content are also being explored
such as saleS through the School Book Branch, subscriptions, rental agreements
provincial licensing agreements, and/or per pupil annual fees. Alberta was
also instrumental in starting the indexing and cataloguing project being done
by JEM research. Regarding teacher training, an elementary computer literacy

curriculum is being piloted in 1982, and a high school curriculum will follow.

Besides these initiatives, the department of education has bought 1000 Bell
and Howell microcomputers which it will resell to schools. Its motives were
to advance computing, and to encourage standardization of the Apple format.
Some industrial implications were considered--for example, whether a local
hardware manufacturing capability could be nurtufed. But the small market

size in Alberta discouraged this approach.

ACCESS, Alberta's educational communications authority, has also been active

in computer learning. It has broadcast a series of programs on microcomputers
.aimed at educators. ACCESS has also produced a print -guide about microcomput-
ers for educators, ‘and has made multimedia Computer Literacy Workshop Packages,
introducing computer awareness, illustrating classroom applications, and imstruct-
ing in ) authoring (i.e., the use of PASS). ACCESS is also experimenting

with videodisc and videotex in interactive training modules (for nursing assist-

ants), and with some modules for teachers. .ACCESS is considering a proposal
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to develop a Comﬁuter—Based Multimedia Training System, using advanced video-
disé technology, to be used in training centres for a govermment department.
And while the Department of Education plans to. set up a clearinghouse for CL
school material, ACCESS is considering a clearinghouse role for post-secondary
material. Finally, ACCESS is developing an educational communications network
for post-secondary institutions that will offer time-shared access to informa-
tions,  and® possibly downloading over telephone lines. ACCESS may also

experiment with FM sidebands and satellite.

Saskatchewan

v

During 1981 the Ministry of Education in Saskatchewan developed plans for ac-
tion in the area of microcomputer development, such as software support and
pilot projects. Expenditures, however, were not approved, as CL was not per-

ceived as a provincial priority in the current economic climate.

Saskcomp, the provincial crown corporation for the supply of computer products
and services, has taken a more active role in CL, and has been selling Bell
and Howell hardware and software. Bell and Howell machines now dominate in
the province (making up about three-quarters of 700 systems). Furthermore,
Saskcomp will provide a membership for schools in MECC (Minnesota Educational
Computing Consortium, described in Chapter Five), for the acquisition of soft-
ware packages. Each school division shares a cost in the membership, and
Saskcomp acts as a non-profit vehicle, passing on content, making copies, and
making revisions as requested by schools. (Each-school division participating
pays a $1000 fee, which-when-combined covers the $4000 MECC joining fee, plus
MECC fees of $250 per institution, plus copying costs for diskettes). While
it is possible that Saskcomp would .also market local authors, material has mnot

been economically viable,

Manitoba

A major action of the Manitoba Ministry of Education in CL has been its. member-

ship in MECC, absorbing the $4000 MECC joining fee, reproducing MECC content,
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and passing it on to school divisions (who participate in the system for a $250
' fee). However, only a small proportion of the microcomputers in use in Manitoba
are Apples: of 500 systems, about 50% are Pets, 30% are Radio Shack, and the

remainder are Apples.

Also, the departiment maintains a centralized computer service for the province

that serves both administrative.and.instructional functions on a cost-per-use

basis. Through the efforts of a faculty member at the University of Manitoba who
established a consortium of schools to develop- CL programs, there are now over 300
programs available for thenyber‘mainframe computer in-use. These are being con-.-

verted. for Radio Shack microcomputers, and could potentially be moved to other system

also. Both the Ministry of Education and this consortium hire summer students
to develop content. In addition, this computer learning consortium will prov-

ide inservicing to schools.
Finally, two. modest pilot- projects are being supported by the Ministry: ome will eval
ate the effectiveness of Apple and Pet software in a high school math setting}

the second is a pilot computer awareness project at elementary-secondary levels.

Ontario

Compared to the other provinces, the Ontario govermment has both the most evolved
and the most ambitious outlook towards CL. Ontario is the only province to

have allocated substantial funds to, CL development. It is also the only prov-

and to work with industrial pianners to this end. 1In particular, BILD (the’

Board of Industrial Leadership and Development, a cabinet committee) has given

_attention to-CL as part of its. eéfforts to support the high technology sector.

The Ministry of Education's educational goals in CL are linked to a philoéophy

that future industrial prosperity -will increasingly be based on the use of

. computers, From this viewpoint, the long-term payoff of computer learning is

a population who knows how to use computers creatively.

The most prominent efforts in computer learning in Ontario ‘are the

"Canadian Educational Microcomputer" (CEM) project, and a major content development

s
ince to face the "make or buy" decision and choose to develop Canadian products l
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project. Ontario was also an initiator of the.indexing project in which sev--
eral provinces are now participating (see note in section on "B.C." above).
Its other projects include: '
— an r&d project on intelligent videodisc (supported by BiLD at
the Ontario Institute for Studies in Education)
~ research on the impacts of LOGO (supported by the Ministry of
* education)
- consideration of an approved list for CL content. (All textbooks
for baéic use in a classroom must be approved.)
.The efforts in Ontario include several parties:
. The Ministries of Education and colleges and universities;
. BILD (with its perspective on development of the high-tech sector);
. The Ministry of Industry and Trade (itself a member of BILD);
. The OISE (Ontario Institute for Studies in Education),,, which is a major cente

of CL expertise; -
. The OECA (The Ontario Educational Communications Authority).

The CEM project

The Ministry of Education's first interest in CLarose from concern about.the-quality'
of learning material. It then perceived a likelihood that "offshore" hardware

and content would dominate as CL developed, and talks were initiated with the
Ministry of Industry and Tourism (now Industry and Trade) to consider the Canad-

ian industrial capabilities in computer learning, and to consider also how the
problem of incompatibilities could be dealt with. Subsequently, in 1981, CATA

(the Canadian Advanced Technology Association) was asked to develop functional
specifications for a Canadian education microcomputer--a CEM. The CEM would be
singular in two respects: first, its emphasis on Canadian.manufacture, and

second the designing.of a.system-specifically for educational use.

The specifications produced were .a Wide—ranging list of features, including:
. = the use of the computer for computer literacy, as a general computer
. tool, for -computer 1eafning,-and4for‘coﬁmunications;
- the use of a famiiy of microcéhputers,.so that students could use
familiar systems as they moved through the grade system, énd so
that compatibility of software occurs;

— support applications not only for the student-computer.interface,.
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but for peer-group communication among students,
“~eacher use of the computer for record keeping, report generation,
etc.;
- 1oca1.network%connecting students to the teacher, remote networks
where the CEM acts as a terminal connected to a larger computer,
and access to videotex and teletext systems:

;o ”’a host of additional features, such as videodisc compatibility,

special input devices, ability to incorporate technological en-

hancements, etc.

A revised set of specifications is now being developed. Meanwhile, the Ministry
has indicated that a subsidy will be available to schools purchasing a computer
that meets the specifications that eventually are set. This subsidy is as fol-
lows: provincial grants covér an average of 504 of the costs of the purchase

of equipment. (This varies depending on local assessments--in Toronto it may
be as low as 20%, and in otherrplaces as high as 907%.) However, "extraordin-
ary expenditures” are subsidized at a higher rate, averaging 75%. Microcomput-

ers from an approved list will be supported at the "extraordinary” level.

Several Canadian firms have indicated they would be prepared to produce approp-
riate CEM's. 1In addition, a special initiative developed in response to the

Ministry's moves: CEMCORP (Canadian Educational Microprocessor Corporation).

CEMCORP hopes to not only be the major beneficiary of the Ministry's grant
system, but to successfully manufacture and export a world class microcomputer
tailored for educational use. Its efforts to date include cross-country travels
to contact Ministries of Education in each province. and to identify manufactur-

ing and software resources across Canada. Despite these efforts, industry par-

“ticipation in CEMCORP remains rooted in Ontario, and while provincial ministries

are "interested" no other province has stepped forward with the level of commit~

ment to a Canadian proﬁucﬁ‘that Ontario has promised. Secondly CEMCORP has

- engaged in a major effort of research, studying ergonomics, and designing a

family of systems.specifically for educational use. It is expected that one-
third of.the development costs of thée CEMCORP microcomputer will be spent on
basic research. Third, CEMCORP has established a centre at a school in North

York .which would be its pilot school. It has plans for an "Educational Tech-

nology Centre,”" including a "hall of products," inservice training, demonstra-

tions, etc.
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Most of CEMCORP's energy, however, has been absorbed by efforts to organize

a corporate structure (first as a limited partnership, and now as a share cap-

. ital arrangement among participating companies), and to raise initial capital.

There have been considerable problems. There is little firm commitment to
CEMCORP among participating»companies-and~conditions do not compel a coopera-
tive effort. While CEMCORP could benefit from the Ontario Ministry's grant

support sdheme, so could any Canadian manufacturer on its own. While CEMCORP

could be a favoured part, it has no assured buyers.

Thus firm commitment of participants in CEMCORP has been difficult to achieve.
At time of writing, it seems the Electrohome and NABU Manufacturing Corporation
(a firm oriented to cable-compatible products) will be major participants.

v

BEducational lLearning Materials Project

Using $2M ailotted by BILD, the Ministry of Education has initiated a major
project to develop exempiéry computer learning material. A call for proposals
some months ago resulted in over 500 responses. Three criteria were used in
evaluation: the content should be exemplary in content, pedagogy, and the use
of the computer. TFifty-seven proposals have been accepted. The first phase
of development is to design the pedagogy of the applications. The Ministry

will play an active role, providiﬁg guidance, consulting,‘etc.

One result of this initiative is that a cadre of authors has been identified.

The procesé has already achieved a kind of talent search, in an area where

expertise is scarce.

OECA

OECA -pioneered in' experimenting with the educational use of videotex and
teletext in its Telidon and Education project, and experiments with Telidon
continue, using satellite to~deliver a Telidon database in-one project and also
experimenting with downloaded Telidon. -OECA is alsé operating an online data-
base of student guidance’information and is developing a model for a clearing-
house of computer information for Ontario teachers that would track develop-

ments in hardware, courseware and lessonware, ljst people active in certain

N
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classroom teachers with knowledge about the use of microcomputers. The Academy
consists of a series of telecasté, plus printedAlearning materials including
‘questionnaires. Returned questionnaires are marked by computer. It i1s hoped

that 10,000 teachers will register (beginning in February 1983).

Quebec

Quebec was a.pioneer in the development of computer networks linking schools and
post-secondary institutions to .central computers for administrative purposes.

It was found, however, that these administrative uses consumed computer power
and that pedagogy could not also be supported.

Thus, though Quebec embraced theiéomputer in the mainframe era, the technology was no
put to educational use. Furthermore, Quebec stood firm against some early dis—
cussions about cross-Canada computer networks, for fear of loss of identity

among its English-speaking counterparts. 1t also resisted efforts of Control

Data to establish PLATO in schools and colleges.

As the microcomputer era developed, it failed to take hold in Quebec education.
There are obvious problems in the availability of content, as there is very
little apﬁopriate French-language material., -Even so, the use of microcomputers
is remarkably low: there are only some 400 units in elementary and secondary

schools.

The Ministry has undertaken several projects to catalogue and evaluate content,
and to build a bank of "didacticiels" (courseware or lessonware). There are

also plans to support authors in centent development. There has been consider-

.ation of bulk purchasing, as has been done with computers for administrative

uses. However, hardware standardization is not emphasized and instead the needfor sof

ware that allows compatibility is stressed. Internal efforts are also being

made to assign a more active responsibility in the area of CL.

The Maritime Provinces

The Council of Maritime Ministers of-Educationvand the Council of Maritime

R T N I E e
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. Premiers both have groups or subcommittees ‘with an interest in educational

computing. Newfoundland is an Atlantic province as opposed to a Maritime prov-
ince. However, it is informally kept abreast of the Maritime deliberations on

CL.

In one such group, a list of cooperative activities were recommended regarding
CL, but no’ initiatives have yet been taken. Apart from some investigation of
the use of OECA's tv broadcasts to familiarize teachers with the use of micro-
computers, and an égreement in principle that bulk purchasing is desirable,

there is little activity at present.
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APPENDIX IV

INTERNATIONAL EXAMPLES OF PUBLIC SECTOR SUPPORT FOR COMPUTER LEARNING

The National Science Foundation

In the US, in a way that is similar to the provincial responsibility for edu-
cation in Canada, responsibility for education rests with individual states.

A few states have plunged into educational computing, such as Minnesota (dis-
cussed below). Unlike Canada, however, there 1s considerable federal involve=
ment in educational subjects. Though no federal agency 1s active in any educa-
tional institution, the fedeyal government funds educational technology pro-

jects, supports educational tv, examines policy issues in education, sponsors

conferences, and so on.

For example, there are House Committees on Education and Labour, and on Science
and Technology. The Office of Technology Assessment of the US congress has
just completed an assessment of the use of computers in education. The Depart-
ment of Education has funded educational tv, including popular children's prog-
rams. There have been several special commissions on Instructional Technology
over the years, and the National Science Foundation has funded a substantial
amount of r& in computer learning. The NSF has a long-standing interest in
computer science, and an awareness of computers as a cornerstone in industry
and in the society of the future. Its approach in funding projects 1is to
neither compete with the efforts of business and industry, nor to intrude on
local responsibility for education, but instead:

. o » to foster innovation and provide alternative
systems for instructional purposes. The foundation's
efforts have been aimed at "proof-of-concept" experi-
ments, demonstrations and field tests designed to
reduce the uncertainty for the commercial sector and
to offer compelling educational evidence to the
academic community.¥

Some of the seminal projects supported by the NSF include:

*A. Molnar (1975).
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. PLATO, at the University of Illinois;
. TICCIT, at the MITRE Corporation;
. LOGO at M.I.T.; and
. the wbrkiof Dr..Patrick Suppes, at Stanford University, in the use of
 audio and natural language.
All these projects were begun before 1975, More recently there has been a focus
-on interactive videodisc projects (at the University of Nebraska-Lincoln, at
WICAT, Inc., and at Utah State University, among others). Also, there has been a _ foc-
us  on the need fér computer literacy and a project has been funded at MECC

(described -below) toevaluatecomputer‘literacywlevels. Ihe'NSF hasz- also considered

" NSF also had an early interest in computer networks, and supported several

regional computing networks.' The CONDUIT clearinghouse (described below) was
begun with NSF support. Another early project was Project COMPUTE to develop -

college-level curricula that integrated the use of computers.

MECC - Minnesota Educational Computing Consortium

The MECC is one of the outstanding organizations in computer learning, renowned
for its extensive online network, and esteemed for the quality of its content.
MECC software has been used in many schools across Canada (and two provinces

have taken MECC memberships).

MECC was established in 1975, and its network grew to serve virtually all
schools, colleges and educational agencies in the state. 96% of the IM stud-
ents in Minnesota have access to 1000 education programs. Applications are
developed by MECC staff or culled from the user community (after evaluation
by peers-and by MECC -eXperts.)

MECC has been based on a timesharing model, whereby terminals access a central
computer by telephone lines. Gradually Apple computers have been added in
schools, - MECC set a standard that advocated the use of Apples, now expanded

to also include Atari. Over 1000 Apple II's are in use.

MECC's annual budget was $5.6M in 1981. Special projects, such as a high school

course on videodisc, received $300,000. $3.76M is spent‘on timeshared computing,
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inservice training, content development and distribution. MECC also has a large -

grant to develop learning packages that relate to computer literacy.

Recently, with state funding cutbacks, MECC'has lost the state subsidization
of telecommunication costs that it had in the past. This is likely to- place
greater emﬁhasis on its supply of software for microcomputers. MECC software
is generally considered superior to most commercial products and careful atten-

tion is paid to support material and documentation. "Creative Computing" -

magazine is now marketing MECC packages.

California State.University: author stimulation project

California State University has 19 campuses (each with a distinct approacn to
education), 20,000 faculty members and 300,000 students. A three-year plan
has been established, funded with $200,000, to stimulate content development
for microcomputers. Apple microcomputers will be used both for authoring
(using the PASS authoring system), and for delivery. The goal of the project
is to encourage content creation in higher education, and to encourage the
sharing of the material that has been made. A pilot proved successful in

creating interest in CL among faculty members.

Design for computer learning material will be submitted by faculty or stud-
ents and reviewed by peers from other campuses. Highly-rated designs will
then be ranked by advisory committees according to the need for content in
specific areas. Top-ranking designs will be ﬁrogrammed at a CL centre on one
campus (at Fresno). The programming will occur with considerable interaction
with authors. Institutional and student guides will also be prepared. The
completed progréﬁ and support material will be sent to all 19 éampuses for
evaluation. The CL programs will also be sold.externally, and funds will go

to support the project itself (to reimburse the funding foundation, cover prog-

ramming costs, etc.), and to provide royalties to authors.

County Resource Centres for Teachers

In San Mateo county in California (in the heart of the "silicon valley'),
teachers can draw on a county-level resource centre that helps them use micro-

computers in schools. .The centre has a hardware demonstration area, stocked
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with equipment lent by suppliers. A library of software allows teachers to
“sample content packages. Some of this content has been donated to the centre, .

and is vpublic domain,"

and in this case teachers can make a copy or order it
by.mailil. There -is also a collection -of commercially available content, which
teachers can pre-view before purchasing from commercial sources. There is
a library of computer-related material as well, and finally some inservice

training tékes place.

.This centre is the largest in California but there are several others, and the
government has plans for centres to be set up in 19 regions. There are also a
few such centres scattered across the rest of the US; but California appears

to be leading in this idea.

CONDUIT - clearinghouse for higher education content
CONDUIT is a non-profit organization that distributes post-secondary educational
software. It was originally supported by the NSF when it began in 1971. CONDUIT

is now affiliated with the University of Iowa and is still partly funded by NSF.

CONDUIT distributes materials that are typically authored by faculty. Programs

- submitted are subjected to a selection process that includes a peer review and

a technical review. CONDUIT documents the software, provides a student's guide
and an instructor's guide, and distributes the package through a cétalogue-
order system. It publishes two catalogues: one for standard BASIC and Fortran
languages and one for microcomputers (including Apple, Radio Shack TRS-80 syst-
ems, Commodore Pet, and Atari systems). All software is copyright and reproduc-
tions are prohibited. Prices are usually between $35 and $75. 148 packages

are offered in numerous disciplines.
MicroSIFT

MicroSIFT is a clearinghouse designed to meet teachers' needs for knowledge and
access to instructional computing software. The project began in 1980 at the
Northwest Regional Eduéation Laboratbry in Portland, Oregon, under a 3-year
grant from the federal National Institute for Education. At present courseware
evaluations are available through a newsletter, several magazines and the online

ERIC database. MicroSIFT has also developed an evaluator's guide, and an online
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database on Resources in Computer Education is planned for the fall. There is

also a technology centre for demonstrations and training that offers workshops

for educators to learn about microcomputers.

Learning Parks and Experience Centres

The Capital Children's Museum in Washington, D.C. was set up to offer interest-
ing learning experiences to children. In its Future Centre, it provides an
introduction to computers (using equipment donated in 1980 by Atari, Inc.).
-The Museum offers :a weekend: computer workshop called CompuPLAY that -uses games,
graphics and music.in unstructured sessions with microcomputers. In its
CompuTOTS course young children play educational games that convey simple
programming concepts. CompulAB lets older children explore computer applica-
tions (word processing, data analysis, etc.). There are special arrangements
for CompuPARTY and CompuGAME that turn the Centre into a game arcade. Finally,
teachers can spend day-long seminars at the Centre to understand the use of

the computer as a learning tool.

Also in 1980, Sesame Place was established in Pemnsylvania as the first in a
projected series of learning parks developed by the Children's Television Work-
shop and Bush Entertainment Corporation. Some initial support came from the

Department of Education, through the Children's Television Workshop, but Sesame

. Park is designed to be a self-supporting commercial venture. For an entrance

fee of about $4, it offers a 'total learning experience,” combining physical
activities, science experiments, and computer games, for ages 3-13. Over 70

computers were installed. Familiar Sesame Street characters appear throughout

the park.

..National Centres for. Personal.Computers in .Education

There have also been proposals in the US for a national centre on microcomput-
ers in education, urged'in particular by Ludwig Braun (director of a laboratory
for Personal Computers in.Education at the State University of New York, Stony-
brook). In a bill introduced some years égo by a Congressman from New York,

$1M was requested to set -up a centre to address the problem of lack of content.

National centres would create high quality material, which in turn would
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encourage schools to use computers. Once the market was established, private

publishers could either support or absorb the centres.*

The Technology Education Act: donating of microcomputers to schools

The Technology Education Act of 1982 (H.R. 5573) was the brainchild of Apple
Computer, Inc., and was introduced to Congress by a representative from Calif-
ornia, the "silicon state." If passed, it would accelerate the use of comput~-

ers in schools enormously.

The Act would amend the Internal Revenue -Code to encourage manufacturers to
donate microcomputers to elementary and secondary schools. The bill would
liberalize the charitable deduction for such donations, by allowing the same
téx credit that manufacturers receive in contributing scientific equipment
for.research at colleges and universities. It would also temporarily raise the
maximum allowable charitable contribution from 10%Z to 30% of a corporation's
taxable income——to allow Apple to proceed with a massive promised give-away

that would amount to a value of between $200M and $300M.

Apple has proposed to donate a computer to each of the nation's schools-~a gift
of over 103,000 systems. Apple would receive a tax deduction of an estimated
$27M. From the Apple point of view, the systems cost a fraction of their retail
cost. The firm may be planning a move to new models and donating computers
could be a way to clear stock. Most importantly, through this give-away Apple
would have achieved a hold on the marketplace that could last for years. In-~
compatibilities between software now virtually ensure that if a school has one
brand of microcomputer, and it buys software for that system, it will then stick

with that manufacturer to maximize its software investment.

Other manufacturers, however, are also prepared to respond if the Act is passed.
There is a tradition of donation in return for charitable contribution credit:

already .Commodore Business Machines has donated $15.2M of equipment to schools.

*J. Botkin (1980)..
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NDPCAL ~ author stimulation program

The NDPCAL project was a 5-year computer learning project that began in 1973
funded with‘i}M.' NDPCAL stands for National Development Program in Computer-
Assisted Learning. NDPCAL aimed to stimulate CL through development of new
courseware. Different universities took on central roles for different sub-~
jects, and overallithere was an emphasis on the sciences. The NDPCAL ended
in December- 1977, but-some 607%-70% of its projects.are.still operating in one
form or another. Also a significant number of quality CL programs developed

are in use and some international exchanges may occur.

BBC Computer Literacy Project

In January 1982 the BBC began a l0-part television series to provide a begin-
ner's guide to microcomputers. The project is part of the BBC's Continuing

Education tv division, an educational broadcasting service for the adult popu-

lation.

Besides the tv series itself there are several other elements in the projéct.
A BBC b&ok has been produced (The Computer Book) and the National Extension
College offers a self—instructional course in BASIC programming. Also, view-
ers have access to a '"referral network™: over 1000 local college classes and
computer clubs form a network to provide‘hands-on cbmputef experience to the

public. And finally a widely-publicized aspect of the project has been the

BBC microcomputer.

" 'ACORN Computers Ltd. has made a microcompu®er to BBC specifications and the

machines are sold through the BBC. The microcomputers cost between jﬁoo and
AZOO, and between February and June 1982 over 20,000 were sold. A teletext
receiver is being developed and eventually the BBC could download software

through its tv signals. Meanwhile, the ACORN is being made in Hong Kong where

manufacturing costs are less.
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The BBC project is accompanied by other efforts to promote ‘the educational
use of computers in the U.K. The Department of Industry has a "Micros in
Schools" plan begun in April 1981. 1In secondary schools, the government
will fund 50% of the purchase of either a BBC microcomputer or another
British-made system (Sinclair). Computer learning projects are also
.occuring through the Department of Education and Science, which
haé a Microelectronics Education Programme, and the Scottish Microelectronics
DevelomenE Programme. Britain has also launched IT82, an Information Technol-

ogy year to create awareness of computers.

FRANCE: 10,000 microcomputers in schools

The French s&stem of education is a momolithic one--all teachers are govermment
employees, from kindergarten to. university, and the same curriculum is used in
all schools. Computers were introduced in schools in 1970 among 15 to 18-year

olds, to be used as a learning tool with emphasis on modelling and simulation.

From 1971 to 1976 a major project in CL took place. IOO‘secondary school teach-
ers were trained each year in computer sciences at university. (There were
usually a thousand applicants.) During training each had to undertake a project
involving the pedagogical use of the computer. Also correspondence courses

in computer sciences were offered to teachers in secondary education, and some
5000 teachers participated. On return to the classroom after training the
workload of these teachers was reduced three to six hours a week, to allow

them to form groups and write courseware packages. Their software was evaluated,

documented and distributed.

A standard hardware configuration for the use of the computer was defined, con-

--sisting -of -a timeshared-minicomputer with 16. terminals sold for $70;000.‘ Two

companies were awarded the contract to provide this hardware. It was decided

to use a single programming language and the contract to develop this language

. was awarded to a post-secondary institution.

The outcome of this project was a total of 58 systems installed in schools,
a collection of some 500 programs (with thousands of copies of these programs

in use), and a cadre of over 600 trained teachers.
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Little action was taken at the outset of the microcomputer era after 1975.
In 1979, a 5-year plan began to install 10,000 microcomputers in secondary
schools over a number of years. The standard programming language is used to
make use of existing material. The microcomputers will be compared with the
timesharing model. A number of the teachers trained in the earlier project wWill

give seminars to other teachers on the use of the computer in schools.

Centre Mondiale pour le Developpement de la Micro-informatique

In- November 1981, the-president of the republic of France (Francois Mitterand)
announced the allocation of some $18M per year to a world centre for the devel-
opment of "microinformatique.” The project is a brainchild of Jean-Jacques

Servan Shrieber, whose recent book Le Defi Mondial (the Global Challenge)

emphasized the educational needs of the third world. Third world applicationsaare
stressed in planning for the Centre, and international researchers have been
sought. Most, however, have come from the US~-causing some chagrin among

French specialists. Especially preeminent is Dr. Seymour Papert (one of two
vice-presidents), who has been joined by several colleagues in LOGO development.
Thus LOGO and the philosophy of education underlying it can be expected to be

influential in the Centre's research.

The activities of the Cenire are threefold: The first is to develop technol-
ogy, hardware and software, working with industry. A particular aim is to

develop a book-sized microcomputer of powerful capacities that would be avail-

able at very low cost.

Secondly, there will be pilot projects in the third world on the use of micro-

electronics., Projects are already planned in Senegal, India and Saudi Arabia.

~Also, ‘there will:-be socially-oriented experiments -in France, including the use

of microelectronics for the young, the elderly, etc. Plans are still in early

stages.
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There has been little notable activity in Japan in the area of computer
learning to date. Some experimentation with the educational use of micro-
computers is occurring,. (Sakamoto, T., 1981), including applicatioms

for .teaching English, and Tsukuba-University is using microcomputer-video-
disc units and has ‘its own videodisc production centre as well.

Japan is ;emarkable, however, for a long—term computer r&d project which

has implications for CL. The Fifth Generation Computer project is a 1@-year
venture backed by the Ministry of International Trade and Industry (MITI).

Another research group, backed by Nippon Telegraph and Telephone, ‘has a
similar project. Some $400M has been allotted to MITI's "5G" venture.

The Fifth Generation computer project plans to build a powerful new computer
equipped for a more intelligent computer era. Some of its requirements
include: inference powers, associative memory, parallel processing,

and vastly more powerful logic chips and core memories than are available
today. The tools themselves for the project's goals in artificial

intelligence will take several years to achieve.

_These efforts have been noted as the first major Japanese r&d initiative

which is not merely adaptive but which also breaks new ground. Even if
some of the project's ambitious objectives are not attained during its

timeframe, the galvanization of research efforts is expected to provide
lucrative products in any case. A super personal computer, for example,

is part of the research agenda,
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SOURCES CONSULTED

Provincial Governments (and Related Organizations)

B.C. Ministry of Education (Bill Tennant, JEM Research)

B.C. Ministry of Education~=Post-Secondary Dept. (R. Ferris)
B.C. Ministry of Labour (Sara Menzel)

Education Alberta (Jim Thiessen)

ACCESS (W. Sawchuk)

Saskatchewan Dept. of Education (Bob Arco)

SASKCOMP (George Odegard)

Manitoba Ministry of Education (Duncan McCaig)

Ontario Ministry of Education (Lorne Smith, Doug Penny, Gary Bonner)
Ontario Educational Communications Authority (Peter Bowers, Maria Cioni)
Ontario Institute for Studies in Education (Bill Olivier, Bob McLean)
Ontario Ministry of Industry and Tourism (Keith Revill)

Gouvernement du Québec, Minist@re de 1'Education (F. Maynard, Louise Dubuc)
P.E.I. Dept. of Education (Tom Rich, Media Committee, Council of Maritime

Premiers)

Council of Ministers of Education, Canada (Doug Penny)

Federal Government

Jack Brahan
Capt. J. Belanger
Gordon Betcheraan
W.E. Cowley

Drew Cameron
W.C. Edwards

Jim Feeley
Arthur Cordell
Keith Glegg
Dan Henslowe
Pierre Lalonde

Dorothy Phillips

-Lou Reeves

Lieut. Griff Richards

National Research Council

National Defence, Training Development Division
Economic Council of Canada

Industry, Trade and Commerce*, Electrical and
Electronics Branch

Department of Communications

Industry, Tradé and Commerce, Electrical and
Electronics Branch

Department of Communications

Science Council of Canada

National Research Council

Canada Employment and Immigration Commission
Industry, Trade and Commerce, Electrical and
Electronics Branch

Department of Communications

Canada Employment and Immigration Commission
National Defence, Training Development Division

Other Govermments and Agencies

Neil Barnes
Tony Bates

Arthur Melaud
Don Thom
Fred Weingarten

British Broadcasting Corporation, London
Institute of Educational Technology, The Open
University, London

Dept. of Education, Washington

Ministry of State for Science and Technology

Office of Technology Assessment Congress of the United
States, ‘Washington

*now the Department of Regional Industrial Expansion
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Apple Computer, Cupertino Ca. (Joanne Koltnow)

B.C. Telephone Co. (Ron Kellison)

Cablesystems Engineering Ltd., a Rogers Cablesystems subsidiary,
Toronto (Roger Keay) )
Ceacorp, Toronto (David Fraser, Bob McLean)

Control Data Canada Ltd., Willowdale Ontario (Wendy Hunter)
Electrohome Electronics, Kitchener Ontario (Patrick Anthony)
Homecom (Bill Olivier)

Honeywell Canada, Toronto (Frank Paine)

Honeywell U.S., Los Angeles (Selwyn Brent)
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