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NOTICE 

In its budget speech of February 
1992 the federal governrrient 
announced its decision to disband 
the Science Council of Canada. 
This report was in production at 
the time of the announcement, 

Reaching for Tomorrow: Science 
and Technology Policy in Canada 
1991 was conceived to be the first 
in a series of annual reports in 
which the Science Council would 
review and interpret Canada's 
science and technology policies 
and activities, thereby contri­
buting to the development of a 
coherent national science and 
technology agenda. 
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June 1992 

The Honourable William C. Winegard, PC, MP
 
Minister for Science
 
House of Commons
 
Ottawa, Ontario
 

Dear Dr Winegard: 

In accordance with Section 13 of the Science Council of Canada Act, I have great pleasure in presenting 
Reachingfor Tomorrow: Science and Technology Policy in Canada 1991.This report is the first in a projected 
series in which the Science Council of Canada will review and interpret the nation's science and 
technology policies and activities. 

Yours sincerely, 

~C~~ 
Janet E. Halliwell 
Chairman 
Science Council of Canada 
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Preface
 

Science and teclmology affect every aspect of our 
daily lives, and science and teclmology policy is 
just as pervasive. Over the last few decades S&T 
policy has moved from a peripheral to a central 
position in the decision-making processes of 
governments, businesses, and educational 
institutions. As the number of advisory bodies, 
lobby groups, concerned citizens, and govern­
ment agencies active in some aspect of science 
and technology has grown, the quantity of advice 
has also grown. Once there were only a few 
voices speaking out on science and technology 
policy; now there are many. In the sea of voices 
it has become difficult to keep track of what 
everyone is saying and to identify currents of 
agreement. It is equally difficult to keep track 
of the numerous policies and programs. The 
observer of the Canadian scene is at once struck 
by the plethora of initiatives that are being taken. 
If there are national priorities behind the various 
initiatives, what are they? There is a great deal 
going on, but what does it all mean? 

The Science Council of Canada believes it is 
time to begin a regular review and evaluation of 
science and technology policies and activities in 
Canada. The Science Council is uniquely posi­
tioned to undertake this task. It operates at arm's 
length from government, and it is a truly national 
advisory agency, with a history of conducting 
multidisciplinary, consultative studies, and of 
offering sound policy advice to all sectors of 
society and all levels of government. 

The format of Reaching for Tomorrow: Science 
and Technology Policy in Canada 1991 is a simple 
one. Part I, an essay by Science Council Chairman 
Janet Halliwell, introduces the broad themes 
and directions that must be considered in the 
development of a national science and teclmology 
agenda. In a world of constant change, with 
growing threats to the economy and the environ­
ment, Canada needs a durable set of national 
strategies that combine vision with realism. 

Part 2 is a primer on competitiveness and its 
links to innovation. Despite the ubiquity of the 
word, competitiveness remains poorly under­
stood. Nevertheless, its importance is undeniable 
in a year in which bankruptcies soared, whole 
industries felt threatened, and the issue of unem­
ployment dominated the lives of increasing 
numbers of Canadians. 

The chapters of Part 3 chronicle the main 
events of 1991 in five areas that could be said to 
collectively define the scope of science and tech­
nology policy. The description of the key events 
is punctuated by opinions and comments from 
policy analysts and other participants in the 
science and teclmology debate. 

This review is the first of its kind for the 
Science Council but it takes its inspiration from 
the work of many other groups and organiza­
tions. It provides a national perspective that 
the Council feels is essential to development 
of a coherent, practical science and technology 
agenda; it is not a compendium of statistics or 
statistical analysis. The content and emphasis of 
future editions of this review will be determined 
by the reaction of readers to this one. We invite 
your comments and suggestions. 
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PART 1.MESSAGE FROM THE CHAIRMAN 

Message from the Chairman
 

Science and Technology Policy in Canada is designed 
to provide, on an annual basis, an overview and 
commentary on the integration of science and 
technology into the fabric of our society and 
economy. It is offered to those with a strong 
belief in the future of Canada and in the same 
spirit that inspired the creation of the Science 
Council in 1966. 

The essence of that spirit was a concern for the 
welfare of Canadians, coupled with a perception 
that science and technology had a profoundly 
important role to play in maintaining and enhanc­
ing the quality of life of Canadians. In a speech to 
the inaugural meeting of the Science Council on 
5 July 1966, then Prime Minister Lester B. Pearson 
presented his vision of what was really meant by 
the Council's formal mandate. He conveyed a 
challenge and an opportunity of immense scope. 

He spoke of the need for the governments and 
the people of Canada to receive advice from an 
autonomous body on the building of constructive 
links between science and technology, on the one 
hand, and economic growth, resource develop­
ment, health, environment, and the infrastructure 
of the nation, on the other hand. He challenged 
the Council to tap the wisdom of the pure and 
applied natural sciences and the social sciences 
and humanities. He stressed the importance of 
applying Canada's scientific talent to global social 
problems, and of assessing the impact of science 
and technology on society. 

The Science Council of Canada was charged 
with advising on the shape and dynamics of 
our national effort in science and technology, 
the role of that effort in relation to Canada's 
aspirations, our adequacy in research and its 
application, the organizational and social struc­
ture in which S&T are embedded, and the policies 
that guide the functioning and deployment of 
our S&T capacities. 

At the time of this inaugural speech, our col­
lective understanding - both in Canada and 
abroad - of what is now known as science and 
technology policy was very limited. Little was 
known about the social organization of research, 
the links between science, technology, and innov­
ation, the art of research evaluation, the nature 
and economics of industrial innovation, the new 
paradigms of environmental economics, the 

relationships between technological change and 
trade, or the underlying causes of technology 
gaps between nations and differing economic 
growth rates. Since the mid-1960s researchers and 
governmental policy analysts worldwide have 

_wrestled with such questions and have succeeded 
in laying down a rich body of knowledge to 
effectively inform political choice and private 
decision making. 

What Time Has Wrought 

If the charge to Science Council was challenging 
in 1966, it is even more so now. The world as 
a whole and Canada itself have changed pro­
foundly in 26 years. Today's geopolitical balance 
of powers has emerged from a science- and tech­
nology-based industrial revolution that is insepa­
rably interwoven with the increased movement 
of goods, services, capital, and people across 
national boundaries - the phenomenon of 
globalization. Those nations that cannot deploy 
science and technology to compete effectively 
in global markets stagnate or decline. 

To that transformed world, with all of its pro­
found implications for Canada, we must add our 
more recent recognition that our patterns of pro­
duction, consumption, and waste generation are 
leading to irreversible environmental change and 
a mutual interdependence among all nations of 
the world. This interlocking of the world econo­
my and the environment has profound implica­
tions for the shape of our national and interna­
tional institutions of governance. This in tum has 
deep implications for those who practise, use, and 
fund science and technology. 

Canadians are awakening to the realities of 
competition in an innovation-intensive, global­
ized economy that is indifferent to our domestic 
commercial and constitutional concerns. We are 
observing the challenges to our wealth-creating 
ability by the aggressive new entrants to the 
world economy, and recognize that more such 
entrants will follow. We are recognizing that 
competitiveness is intensifying, just as we are 
recognizing the vulnerability of the global eco­
system. We know we must respond to these 
multiple challenges if we are to retain those 
aspects of Canadian life we value. 
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How do we achieve this? And what is the role 
of science and technology? There is no "silver 
bullet" answer. We are dealing with issues that 
are infinitely more complex than they were at the 
time of Science Council's founding. Institutions 
and policies that served Canadians well in the 
past are unable to cope with the nature and pace 
of the changes. Some of the knowledge base 
needed to renovate these institutions and policies 
lies in the S&T policy literature, but there are still 
many questions to old and emerging problems 
yet to be answered. However, one thing is certain: 
we have the essence of the solution in our people. 
The health of our economy and environment 
depends more and more on how well we nurture 
and benefit from the intellectual strength of 
Canadians - on the way we use our skills and 
intellectual resources in a flexible and continu­
ously evolving economy. 

The institutions and the policies that guide the 
development and deployment of our intellectual 
resources are the stuff of a national science and 
technology agenda. In the following pages, I hope 
to provide a broad vision of today's international 
and domestic S&T climate with a particular focus 
on competitiveness (the theme of this year's 
report). I then suggest directions for a national 
S&T agenda that will enhance the capacity of 
Canadians to develop and prosper - the Science 
Council's contemporary response to Pearson's 
original challenge to the Council. 

Intemational Dynamics 

In recent years the world competitive environ­
ment has been increasingly characterized by the 
efforts of firms, often aided by governments, to 
systematically harness science and technology 
to gain advantage over others in national and 
international markets. New technologies (e.g., 
microelectronics and advanced materials) have 
transformed existing products and generated 
entirely new ones - witness the VCR, the fax 
machine, and compact discs. An even more fun­
damental revolution has been the radical change 
in production technologies and organization. 
The changes do not stop here, however. The very 
nature of innovation is changing - to accommo­
date more and more a complex interplay of tech­
nological, human, and organizational factors-
in a way that gives functional, qualitative, and 
temporal advantage over competitors. 

PART 1.MESSAGE FROM THE CHAIRMAN 

These changes penetrate much deeper than 
the high technology industry. Resource-based 
industries are using new technologies to trans­
form production processes and products. Service 
industries, businesses of all sizes, and the pursuit 
of research itself are being radically transformed 
by the introduction of new tools - especially those 
derived from the information technologies. 
Everyone is affected by technological change. 

Part 2 of this report, "Competing through 
Innovation," details the interplay of science, tech­
nology, innovation, and competitiveness, and 
outlines new concepts of management and busi­
ness that are revolutionizing the global process 
of wealth generation. It argues that an innovation 
culture is critical to the future competitiveness 
of Canada. It also stresses that in developing 
this innovation culture we must recognize the 
changing nature and pace of innovation and 
reassert the central role of our human resources ­
people, and the skills and flexibility they bring to 
the workplace. 

As described in the "Infrastructures" chapter 
of this report, there is global recognition of the 
important role that national S&T systems play in 
underpinning this innovation culture. Necessary, 
although not sufficient, conditions for an innova­
tion culture are strong infrastructures for science 
(public and para-public research facilities, sys­
tems producing highly skilled people, networks 
among researchers, and funding systems that 
provide selection and support) and strong infra­
structures for technology (the support systems 
and linkages that foster the development of tech­
nology and its dissemination and transfer by and 
to the private sector). It is the effective union of 
these science and technology infrastructures with 
managerial and organizational innovation that 
provides comparative advantage for a nation. 
An innovation culture cannot flourish in isolation, 
however; governments shape national S&T sys­
tems according to their philosophies of the appro­
priate balance between public intervention and 
market forces and the values of their citizens. 

Given decreasing national barriers to trade, 
global competition is driven by two fundamental 
forces - the competitive position of a firm itself 
and the national ground rules established by 
its domestic market system. From one country 
to another these domestic market systems vary 
widely and often are influenced as much by 
historical and cultural factors as by economic 
conditions. Because these systems can have 
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profound impacts on the science and technology 
infrastructures of a nation - on the environment 
for innovation and the ability to compete - they 
are beginning to capture some of the international 
attention that was previously concentrated on 
more conventional trade barriers. Whether 
domestic policies should or can be harmonized 
has now become a focus of considerable interna­
tional debate. 

There is now another profound paradigm shift 
for industrialized nations: the realization that 
human activities affect the environment in a per­
vasive and long-term manner. Human activities 
have now become so far-reaching in their effects 
that many of them are of the same scale as funda­
mental natural processes. A consequent demand 
by the public for environmental sustainability has 
taken shape much more quickly than the ability of 
our political, scientific, and economic systems to 
respond. In essence, we are moving to a world­
wide recognition that there are limits to unfet­
tered economic growth. But no nation has yet 
effectively grasped the full measure of changes 
that need to be made. 

Our understanding of the various dimensions 
of sustainable development is much deeper now 
than some 30 years ago. Many believe, however, 
that while there are limits to unfettered growth 
there are still enormous opportunities for eco­
nomic development and that the paradigm of 
sustainability can be reconciled with national 
competitiveness, often through sophistication of 
products and processes. Whatever one believes, 
it is clear that our ideas about the production of 
goods and services are shifting, with the focus 
turning to adding value, not physical resources ­
to doing more with less. 

The new paradigm of sustainability is a call 
for change; it involves management vision and 
industrial procedures that conserve resources, 
minimize waste and environmental impact, and 
promote ecosystem resilience and sustained pro­
duction - processes that require the extensive but 
judicious use of science and technology. 

The goal of sustainable development reminds 
us that it is the pursuit of a higher quality of life, 
rather than a brute struggle for survival, that has 
been at the heart of much scientific advance. 
There is strong societal support for science and 
technology that enhance life and welfare. There is 
also wide societal support for intellectual activity 
at the frontiers of science and engineering - the 
challenges that enrich and satisfy the human soul. 
This is an essential part of the science base. There 
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is, however, deep public scepticism about some 
of the supposed fruits of science and technology, 
especially if they are seen as leading to deteriora­
tion of the environment or umestrained commer­
cialism. Public support is essential for the health 
of the scientific enterprise and the effectiveness 
of its application. To this end, the cultural, social, 
and human dimensions of science and technology 
must be kept in mind if we are to have a balanced 
integration of S&T into the economy and society. 

Worldwide, the emergence of these new issues 
has revealed inadequacies in human understand­
ing and has challenged existing institutions, 
attitudes, and policies. Canada is no exception. 

Canadian Dilemmas 

Canada is a relatively prosperous nation with 
an enviable standard of living and a tradition of 
outstanding contribution to international diplo­
macy and development. We now, however, find 
ourselves in a state of anxiety, and are losing, it 
seems, a great deal of our economic advantage. 
Our relative standard of living is starting to suffer 
accordingly. Some of our social and political 
institutions have not performed as we had hoped 
and we are confronted by environmental realities 
that we failed to anticipate. We appear to be a 
society searching for a sense of direction and com­
mitment and apparently resigned to the recon­
struction of some institutions and major aspects of 
public policy. After a great deal of analysis, how­
ever, a coherent picture of the problems Canada 
faces is emerging, and thus the general direction 
of the solutions. 

In the chapter of this report dealing with recent 
actions to stimulate industrial innovation, we 
review how Canada is currently dealing with 
the many problems facing our economy. There 
are various efforts to improve our ability to use 
innovation and to identify and apply new tech­
nologies in a timely way. Unfortunately, most 
Canadian managers have yet to demonstrate their 
understanding and appreciation of the new busi­
ness environment in the global context. 

The key message is that knowledge, training, 
skills, and hard work must be coupled with 
private sector vision and capital. To lack skills 
or education is to be at risk. Even more, not to 
use existing skills or education is to throwaway 
a competitive advantage. Recognition of the role 
of "intellectual capital" in competitive success 
is forcing countries to take a hard look at the 
effectiveness of public policy in developing 
intellectual resources. 
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Most Canadians support the concept of life­
long learning and skills development. Some, how­
ever, question the goal of producing more scien­
tists, engineers, and technologists in the face of 
current unemployment numbers. Yet such an 
attitude may simply ensure Canada's demise 
as a competitive nation. 

For we have in Canada a dissonance in our 
systems of research and of development. Our 
university system - for all its shortcomings­
bears the characteristics of a system appropriate 
to a modern industrial economy. But the economy 
itself - at least in its use of "knowledge inputs," 
its R&D dimension, especially in the private 
sector - seems to behave like that of a semi­
industrial state. R&D investment by business is 
low and skewed to incremental technological 
advance rather than innovation. To add to this 
dissonance or mismatch, our attitudes, policies, 
and programs in the vital area of technical train­
ing and apprenticeship - as well as in corporate 
workforce training and adult education generally 
- are of the kind that you might expect to find in 
a less-developed country. 

Pushing on the end of a rope is not enough; the 
"demand" for human resources must improve. 
The solution is not to renounce or to diminish our 
commitment to scientific and technological edu­
cation or research. Rather Canada must create an 
environment in which discovery, invention, and 
innovation flourish and are fostered by an active 
and productive private sector that stimulates de­
mand for the best. We must educate our citizemy 
more effectively. We can then use our intellectual 
resources to sustain a quality of life that supports 
Canadian values and to become as smart, or 
smarter, than our competitors in applying crea­
tive ideas to both economic activity and social 
and environmental structures and services. 

The societal aspects cannot be ignored either. 
Until the public comes to terms with the fact that 
technology can be deployed in a manner consis­
tent with the goals of social justice and environ­
mental sustainability, we will continue to floun­
der. This raises the vital issue of the quality and 
suitability of the education that all Canadians, not 
just the practitioners of S&T, receive. If Canadians 
are to make effective judgements on the use of 
S&T, our educational system must make math­
ematics, science, and technical subjects more 
accessible to all. Our postsecondary education 
system must continue to evolve, providing both 
areas of concentration and multidisciplinary 

education to all students. In the workplace, 
researchers and managers are increasingly faced 
with difficult societal and institutional demands 
while pursuing research and development. They 
find that training in foreign languages, history, 
and financial training would be an asset. We 
may, in fact, have to face significant institutional 
change to accommodate better training in busi­
ness practice, to say nothing of continuous learn­
ing, mass public education, and high-level 
specialization. 

Our educational system should provide for 
two streams of students - educating and training, 
on the one hand for the broader purposes of 
society and on the other for the development of 
particular intellectual skills, including research 
and development capacity. We cannot have one 
without the other if we hope to succeed either 
socially or economically. Achieving both, how­
ever, within the bounds of fiscal realism and 
continued movement to mass education may 
require a cultural and institutional change in 
higher education. 

Unless we are eventually to sell our labour ­
be it intellectual or physical- for a mere pittance, 
and that only to survive, we must recognize that 
our collective wellbeing in the future will depend 
on Canadians possessing high levels of training 
and education. It is a deep and continuing 
involvement in learning, but not necessarily in 
conventional or narrow ways, that we are talking 
about when we champion the cause of "lifelong 
education" or the "learning culture." The quality 
of the social culture in which R&D activities are 
embedded is at least as important as R&D itself. 

Science and technology also underpin our 
relationship with the environment. As northern­
ers with a vast landmass and a harsh and unfor­
giving climate and terrain, Canadians necessarily 
have devoted much of their physical, intellectual, 
and financial resources to forging an accommoda­
tion between human aspirations and the physical 
environment. This dominant influence of the land 
and sea has in tum greatly affected the develop­
ment path of Canadian science, technology, and 
business. We have enormous research strength 
in earth and environmental sciences and in civil, 
geotechnical, and ocean engineering, and our 
economy is dominated by the communications 
and resource industries. Over time other areas 
of strength have emerged, adding depth and 
diversity to the intellectual and technological 
fabric of Canada. Some of these are highlighted 
in the "New Frontiers" chapter of this report. 
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Some see the geographically and historically 
driven characteristics of Canadian competitive­
ness as being out of balance with the contempo­
rary realities of technology-driven innovation, 
knowledge-intensive trade, and global competi­
tion. This is simplistic. These characteristics 
should, rather, be seen as providing Canada with 
a special opportunity. We can build on this spe­
cial set of competencies to decrease the through­
put of physical resources associated with econo­
rnic activity by focusing on adding value, reduc­
ing waste, and controlling consumption patterns 
- the actions necessary if we are to move towards 
sustainable economic development. Our economy 
is an expanding system operating on a finite and 
non-growing planet. The limits to growth are 
increasingly determined more by consumption 
patterns than by resource deficiency. If we are to 
manage these patterns with public policy, we 
need a new understanding of the links between 
human activities and the biogeosphere and we 
need new energy and environmentally benign 
technologies. We also need new approaches to 
managing the life cycle of our resources and the 
products derived from them, as well as new 
approaches to our relationships with developing 
countries. 

But, while new understanding is needed, 
institutional and policy change must proceed. 
Decision makers must make judgements in the 
face of uncertainty and ambiguity. We need the 
confidence to deal wisely with that ambiguity. 

A National Response 
In response to the external and domestic chal­
lenges, Canada has not stood still. The country 
has developed institutions, decision-making sys­
tems, and policies that bear on every sector of the 
economy and numerous aspects of our social 
fabric. Science and technology are increasingly 
recognized as vital elements in these initiatives. 

But we know there are still serious deficiencies, 
simply by looking at the state of Canada's econo­
my. One must ask if we can, as a nation, produce 
a set of policies and action plans that blend vision 
with realism. Perhaps we have focused too much 
on searching for that elusive single silver bullet. 
If so, it is timely to remember the old adage: "To 
every human problem there is a solution that is 
simple, neat, and wrong." 

There must be no oversimplification of the 
dynamics of innovation and the changing nature 
of competitiveness. A better understanding of 

the nature of science and technology and their 
interrelated support systems is a key element in 
our ability to make decisions that will direct our 
path towards prosperity, but it is not the only key. 
Strategic vision and management capacity are 
even more important. 

There is, however, a need for clear directions 
for action. The Science Council has a continuing 
role - as do many others - in analysing S&T 
policy options and catalysing that action. 

In Canada, the Science Council has been joined 
in its advisory capacity by the National Advisory 
Board on Science and Technology, S&T advisory 
bodies in each of the provinces, and a Council of 
Science and Technology Ministers comprising 
representatives of federal, provincial, and territo­
rial governments. The voices of trade associations, 
technical and scientific societies, and other pro­
fessional groups are also being heard. This report 
monitors these voices and tracks the responses of 
public policy. 

The general shape of the S&T agenda for 
Canada is evident. If we are to have a long-term 
capacity for economic development, a short-term 
approach won't do. We need confidence, determi­
nation, and a durable set of national strategies 
and policies. 

Throughout the developed world, science 
and technology policy has moved to the centre 
of the public policy stage. Effective management 
of science-based innovation is now broadly un­
derstood to be indigenous to the economic sys­
tem, and the basis of the competitive success of 
increasing numbers of firms or industries. This, 
in tum, places new expectations and demands 
on the science infrastructure and future practi­
tioners of S&T. 

The phenomenon of globalization is having a 
profound impact on the way in which nations 
handle their S&T systems. Globalization contains 
three distinct dimensions: 

•	 the increasing movement of goods, services, 
capital, ideas, and people across national 
borders; 

•	 the rise of global corporations and supra­
national political or scientific entities; 

•	 the growing number of problems or situations 
that inherently involve more than one country 
and that cannot be effectively addressed by 
domestic actions alone (e.g., the environment, 
world population trends, and certain health 
and welfare issues). 
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With this context in mind, it is urgent that we 
work to improve our capacity to acquire, gener­
ate, absorb, and apply science and technology. 
Priorities are: 

•	 To develop a consensus on how we could 
better use 5&T to address the major economic, 
environmental, and social issues of today and 
tomorrow. This will require an unprecedented 
level of cooperation among major players in 
society and a sharing of public and private 
resources and talents. 

•	 To strengthen the technology infrastructure 
(the support systems and linkages that foster 
the development and dissemination of technol­
ogy and its transfer by and to the private 
sector). 

•	 To strengthen the science infrastructure (the 
collection of public and para-public research 
facilities, the systems producing highly skilled 
people, networks among researchers and fund­
ing systems), particularly to accommodate 
the effects of globalization and the increased 
demands placed on the science infrastructure 
by society. 

•	 To enhance our systems of learning, by re­
fining the system of formal education (at all 
levels) and improving continuous training and 
skills upgrading. 

Long-term vision is required to adapt to the 
new paradigms of competitiveness, globalization, 
and sustainability. Inevitably, the major burden 
of responsibility must fall on the private sector ­
the source of our wealth-generating capacity. 
What is most in demand here and elsewhere 
is evolutionary adaptability and responsiveness. 
The pace of change is itself changing. Canada 
must embrace and even lead that change for its 
own wellbeing. 

In Conclusion 
Lester Pearson had remarkable vision in 1966. 
He foresaw the linking of science, technology, 
and society and the need to develop and utilize 
science and technology to enhance the quality of 
life. There was an intrinsic validity in his chal­
lenge to the Science Council that has stood the test 
of time. We are facing, nationally and internation­
ally, a rate of change unparalleled in history, with 
5&T being both a driver of change and a means of 
coping with change. In an evolving world, atti­
tudes, institutions, and policies must evolve. 

At the same time we must seek new frame­
works for understanding relationships and 
linkages, such as the link between science and 
competitiveness, and new insights into how pub­
lic policy can accommodate the changing face of 
science and technology. Most important of all, 
however, is to enhance our capacity for long-term 
economic, environmental, and social security in a 
world of constant change - a capacity that can be 
realized only through improved wealth genera­
tion, which, in tum, requires better nurturing of 
our human resources. Canada has fared well to 
date, but we are on a threshold. Our ability to 
accommodate rapid change is the 5&T challenge 
and the human challenge of the decade. 
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PART 2. COMPETING THROUGH INNOVATION 

Competing through Innovation
 

A Critical but Inadequate Debate 

It has been called a cliche, "the C word," and an 
evangelical pursuit.' It has engaged the media, 
business, and most citizens. It has been the subject 
of analysis, polemic, rhetoric, and extensive con­
sultation by governments at every level. And yet, 
the issue of competitiveness - which lies at the 
very core of our long-term well-being - remains 
unresolved. 

What is at stake is nothing less than the liveli­
hoods of our children, the levels of education and 
health care we will be able to afford, and the kind 
of environment that will surround us. How 
competitive we are will depend quite simply on 
the intellectual abilities and skills of our people, 
on the kinds of industries we attract and develop, 
and on the strength of our policies and policy 
mechanisms. 

Unfortunately, the debate about competitive­
ness has to date been partial and rather lopsided, 
especially given the rapidly changing nature of 
the world economy. In part, this is because the 
meanings of competitiveness are not easily 
grasped. The new world economy with its 
emerging, highly interconnected web of compa­
nies is far too complex for traditional economic 
ideas and their derivative policies, which can deal 
with the new competitiveness only in very 
limited ways. Too often, the underlying factors 
of competition - such as research, technology, 
and innovation - are ignored or seen as being 
nondynamic, equally accessible features of 
economies. Compounding all of this, Canada's 
debate on competitiveness has been notable for an 
absence of vision and of leadership from govern­
ments, business, and academia. 

This paper is designed to aid in the debate. It 
attempts to clarify the linkages between research, 
technology, innovation, and competitiveness - to 
get beyond the traditional ideas that have influ­
enced the debate so far. With such an improved 
understanding, Canada can develop an effective, 
long-term, wealth-producing position in the new 
world economy. 

Competitiveness: An Elusive Concept 

Competitiveness at the Level of the Firm 

Although the term"competitiveness" has been 
used relentlessly in recent Canadian debates 
about the economy, no comprehensive, fully 
realistic, or consistent definition has been given to 
it. Originally, the notion of competitiveness was 
born out of firm-level economics. At this level, 
and in very general terms, a competitive firm was 
one that regularly created and sold a better pro­
duct or offered a better service than its rivals. 
Importantly, the firm generally knew who its 
rivals were since they were usually in exactly the 
same business, had similar products to sell, and 
operated in the same markets. On the strength of 
its products and services, a competitive company 
was typically one that made a profit and had a 
large or healthy share of its markets. A firm's first 
markets were usually nearby - except in the case 
of large multinational firms. To be competitive, a 
firm constantly had to try to improve its products 
and services. It also had to be as efficient as 
possible, in terms of cost control, in terms of close 
supplier linkages, and in terms of production 
processes. Indeed these were often seen as the 
principal measures of the quality of a firm's 
management. The world is no longer so simple. 
And yet it is undeniably at the level of the firm 
that notions of competitiveness make real sense ­
it is here and only here that wealth and jobs are 
created. 

Competitiveness at theLevel of theSector 

It is important to realize that notions of competi­
tiveness that are based on industrial sectors are 
problematic. Sectors do not compete: only firms 
do. A sector is little more than a convenient 
mental construct that is used either by analysts 
and researchers, or by people within an industry 
to connote a grouping of firms that tend to have 
core products, processes, or markets in common. 

Having said this, however, one can talk about 
the general conditions for promoting or retarding 
the competitiveness of firms within a sector. From 
a policy point of view, one might call this setting 
the environment for sectoral competitiveness. 
While individual firms succeed or fail largely on 
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the basis of their actions and reactions to their 
specific environments, it is equally true that the 
conditions that are conducive to the competitive­
ness of firms within a sector vary significantly 
from one region or country to another. Such 
conditions are known to be related to the number 
of firms in the sector, the mix of different-sized 
firms in the sector, and the size of home market. 
As the number of firms and the size of the home 
market both increase, the competition within the 
sector intensifies. Clearly there are advantages to 
firms if their sector is geographically clustered. 
For example, it becomes easier to keep informed 
about one's rivals, there is a common labour pool 
with the requisite skills, and technologies or ideas 
can more easily move from firm to firm. In high 
technology industries, for example, Canada has 
rather limited geographical clustering. As a result 
many Canadian firms are competing against 
distant competitors. This tends to dull their com­
petitive edge, thin out the available labour pool, 
and provide little stimulus for the development 
(in size and sophistication) of a home market. 

Thus, as interesting as sectorally based analysis 
of competitiveness may be, sectoral-level data 
must be used with great caution because the 
general observations that may be gleaned from 
the data tend to have limited applicability for 
either the individual firm or the analysts wishing 
to make meaningful comparisons. 

Competitiveness at theLevel of theNation 

At the level of the nation, the idea of competitive­
ness is also open to interpretative difficulties. For 
example, what is a competitive country? It is not 
reasonable to view competitiveness as being 
simply a matter of the"average competitiveness" 
of its firms, but it does make some sense to think 
of a competitive economy as one with enough 
competitive firms to keep people employed and 
prosperous. Moreover, it is not at all clear 
whether - if one wished to - one could define a 
nation's firms in terms of the nationality of the 
firm's ownership 2 or in terms of whether the firm 
operates in Canada and thus provides Canadians 
with jobs, pays Canadian taxes, contributes to 
Canadian communities, and so on. 

Thus, while there are parallels between the 
ideas of firm-level, sectoral-level, and nation-level 
competitiveness, the definition of the latter is 
much more elusive. For example, most analysts 
would have no difficulty in locating the source of 

a firm's strategies and decisions in the firm's 
management. There would be no end of diffi­
culty, however, in trying to locate similar func­
tions at the national economic level, and there 
would be outright hostility if attempts were made 
to equate the roles of firm management with the 
roles of national governments. There are a great 
many other such difficulties. 

Comparative Indicators of Competitiveness 

The Canadian debate has had problems in 
defining competitiveness in terms of international 
norms against which Canada should be meas­
ured. For example, many Canadians wonder: 
Is it reasonable for us to expect to compete with 
countries such as the United States, Japan, or 
Germany, which have much larger workforces, 
consumer markets, and capital markets? Or: Is it 
reasonable for us to try to compete with countries 
such as Mexico, Poland, or Thailand, which have 
much lower labour costs? What exactly can we 
expect from our economy when we have a small 
but quite well-educated population, a heavy 
reliance on trade, and a country that is still 
extremely rich in natural resources? 

These types of worries are all legitimate, but 
they really stem from well-entrenched ideas of the 
old economic order and do little to advance our 
understanding of the nature of the new competi­
tiveness. Thus, when discussing the competitive­
ness of Canada in terms of norms, we rely most 
frequently on a wide variety of both qualitative 
and quantitative indicators of our collective and 
personal standards of living. What is the unem­
ployment rate or the price of groceries this year? 
Are housing costs taking a higher share of my 
take-home pay? Can I afford a vacation this year? 
Do there seem to be more plant closures or home­
less people in my city? And so on. 

However, there is also a major problem with 
the use of indicators in the competitiveness 
debate, as two brief examples will illustrate. Each 
year, the World Economic Forum publishes The 
World Competitiveness Report. This renowned 
report has a broad readership but is really of use 
only to a small number of specialist economists. It 
has very limited direct applicability to policy 
making. In the latest version, the WEF published 
"scoreboards" on 33 countries that combine seven 
"factors of competitiveness" with 330 "criteria of 
competitiveness." A complicated and rather 
subjective methodology is used to weigh each of 
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these indicators.l'I'hus any international rankings 
that are based on the sum of these 2310 indicators 
and that compare highly industrialized countries 
with newly industrializing ones must be inter­
preted extremely carefully. 

While interesting, such measures not only raise 
the difficult question (mentioned above) of what a 
competitive nation is, but they also lack any ex­
plicit theory to justify and integrate them. More­
over, the process of being competitive, at the firm, 
sectoral, and national level, is a highly dynamic 
process that takes place over time: it is more of a 
motion picture than a snapshot. It is not very 
helpful, therefore, when newspapers and maga­
zines publish Canada's overall ranking each year 
(as reported by such organizations as the WEF) 
without any kind of theoretical underpinning or 
preamble. As it turns out, the WEF ranked 
Canada 11th overall in 1982 but now ranks it 5th. 
If one were a trend-watcher, one might easily be 
convinced that the Canadian economy is improv­
ing, but in the recent debate on competitiveness, 
policy analysts, media analysts, and business 
representatives were all arguing over the mean­
ing of our drop from 4th place the year before. 
Clearly, such casual indicator watching can be 
misleading without reference to methodology; it 
cannot tell us much at all about how well we are 
really doing, regardless of whether the indicators 
go up or down. 

To take a second example, there has been a 
great deal of discussion over the past decade 
about the importance of science and technology to 
the future of our economy. However, it has 
become fashionable in some circles of both the 
federal and provincial governments to argue in 
favour of R&D "targets" at the national, aggregate 
level. Research and development expenditures at 
the national level are often measured, and com­
pared internationally, as a ratio - this being the 
gross expenditure on R&D (GERD) as a percent­
age of gross domestic product (GOP). Using this 
measure, Canada has consistently fluctuated 
around the 1.3 per cent GERD/GDP level for 
about 20 years. In comparison the US. ratio is 2.8 
per cent, and Britain's is 2.2 per cent. The blunt 
argument in Canada's "target" debate is simply 
that we, as a country, need to set a target and a 
schedule to increase our GERD/GDP ratio to, say, 
2 or 2.5 per cent by the year 2010. The assumption 
here is that if Canada spends more on science and 
technology, then Canada will have a "high tech­
nology economy.":' If we have a "high technology 
economy," then we will be competitive. 
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Unfortunately, the relationship between 
GERD / GOP ratios and competitiveness is not 
quite so easily made - for a vast number of 
reasons that can be summarized as follows.' If the 
people of Canada were to sign a cheque for, say, 
$1 billion to be spent on science and technology, 
and if our cheque were to be cashed tomorrow 
and divided among the researchers and compa­
nies who are already doing R&D, then the real 
effect on our economy would be minimal. This is 
because there would be no capacity to effectively 
use this money. To use such funds for the benefit 
of the country, and the researchers and firms 
involved, there has to be infrastructure in place to 
allow the effective absorption of new investments. 
For R&D to be productive, university and indus­
trial labs both need high-quality instrumentation 
and equipment. For research scientists and 
engineers to be productive, they need assistants 
with high-quality technical and vocational 
training as well as good co-researchers with 
undergraduate and postgraduate training. For 
firms to tum their R&D investments into new 
products, services, and profits, they need - among 
other things - technically literate marketing and 
administrative staff with a wide range of skills. 
Moreover, using such macro-indicators as the 
GERD/GDP ratio as a focus for policy ignores the 
problems associated with the quality of the 
research and the source or distribution of the 
research (be it industry, university, or govern­
ment) relative to other countries. 

Traditional Analytical Approaches to 
Competitiveness 

In the process of analysis, the complexity of com­
petitiveness is too often reduced to single items of 
concern - the implication being that if we can just 
fix this one item then Canada, or the industrial 

Traditional Focuses in the Analysis 
01 Competitiveness 

• Prices 
• Costs 
• Exchange rates 
• Productivity 
• Savings 
• Cost of capital 
• Investment 
• Comparative advantage 
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sector in question, will be competitive. Unfortu­
nately, the identification of lone problem areas, 
while often important, rarely goes to the heart of 
the problem of competitiveness. Moreover, by 
focusing on one or another symptom of competi­
tive decline, traditional analytical approaches 
have tended to ignore the real dynamics of bus­
iness and the contributions that research, technol­
ogy, and innovation are making to the changing 
ways of creating wealth. 

Prices, Costs, Exchange Rates, and Competitiveness 

Prices, costs, and exchange rates are often cited 
by business representatives as being at the centre 
of their industry's international competitiveness 
problems. Undoubtedly these are important 
elements for firms, especially those firms that 
compete on the basis of cost instead of product 
differentiation. But analytical approaches that 
focus almost exclusively on these factors typically 
do not accurately reflect the changing competitive 
experiences of firms. Often these approaches 
hold that export prices are principally determined 
by industrial costs - most notably, wages. In 
terms of economic policy, this view has led to a 
good deal of importance being placed on wage 
control and currency devaluation as avenues to 
competitiveness. 

This view has seen something of a revitaliza­
tion in Canada, despite the evidence of Germany, 
Japan, and Switzerland, which have by all 
accounts been very competitive internationally, 
while having extremely strong currencies and 
high-wage workforces. Moreover, highly re­
spected studies have shown that in the United 
States and Britain, contrary to traditional analyti­
cal expectations, drops in the relative unit wage 
costs and export prices have gone hand in hand 
with significant losses of world market share in 
manufacturing. By contrast, in Germany, Japan, 
and Switzerland rises in relative unit wage costs 
and export prices have occurred at the same time 
as significant increases in world market share. 
Thus, relying uniquely on prices, costs, and 
exchange rates is not a trustworthy guide to 
understanding competitiveness." 

There is another misleading aspect of the view 
that emphasizes labour costs as a negative pres­
sure on the competitiveness of firms. As the 
Economic Council of Canada has shown, overall 
hourly wages and salaries in Canada have - when 
corrected for inflation - remained about constant 
since 1975. However, a recent U'S. study has 

shown that the average Canadian chief executive 
officer makes 12 times more than the average 
Canadian shop-floor worker? This multiple is 
higher than that for the CEOs in Germany, 
Ireland, Japan, Korea, the Netherlands, Sweden, 
and Switzerland. Individual cases that have been 
cited in the press show that some firms have a 
salary and compensation package for their senior 
executives that amounts to more than 1000 times 
what they pay the average worker. The us study 
makes clear that these executive pay packages are 
usually not tied to firm performance and thus 
raises important questions about business 
leadership. 

Productivity and Competitiveness 

If one area of concern is singled out most fre­
quently as a prime determinant of competitive­
ness, it is productivity. Indeed, Michael Porter's 
much discussed report on Canada says exactly 
this: "the underpinning of competitiveness, and 
thus of a country's standard of living, is produc­
tivity.?" Productivity is extremely important. It is 
a measure of how efficiently we are using our 
workers, our machines, and other means of pro­
duction. In a sense, though, singling out produc­
tivity as the pivotal problem of competitiveness 
may be pointing to something of a truism. After 
all, along with long-term survival and the con­
tinual search for profitability, isn't the goal of 
every responsible firm or organization to make 
as productive use of its resources as is possible? 
In addition, although productivity growth is an 
important part of the competitiveness equation 
in both analytical and firm performance terms, 
it is not an area that government policies can 
really affect.9 

Having said this, Canada's basic level of pro­
ductivity is high, though the growth in productiv­
ity has slowed. From 1979 to 1989, Canada's total 
factor productivity - which measures the produc­
tivity of both labour and capital- rose by a mere 
0.4 per cent per year. This was identical to the 
American performance. However, over the same 
period, the growth in manufacturing labour 
productivity in Canada was the lowest of the G-7 
countries, averaging only 1.8 per cent per year. 
This is a worrisome situation because, in general, 
the more a country can produce per unit of labour 
or capital, the more its products will be able to 
compete with similar products of other countries 
(assuming stable exchange rates). Moreover, 
a high base of productivity and a high rate of 
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productivity growth may not be sufficient to 
make Canadian industries more competitive 
than their foreign counterparts. We stand to lose 
world share. 

There are many well-known ways to improve 
productivity, such as updating equipment and 
machinery or smoothing production processes. 
But none of these in and of themselves spell long­
term competitiveness for Canada or for Canadian 
firms. None reflect the fact that much of what is 
happening in the economy is new. Simply be­
coming more productive at manufacturing un­
competitive products, or becoming more efficient 
at performing poor processes, will not give us the 
edge we are seeking. Meanwhile, the sources of 
our faltering productivity growth continue to be 
the focus of much debate among economists. 
Adding to the complexity of the debate is the fact 
that most measures of productivity relate to 
manufacturing and tangible processes (such as 
the number of tons of pig iron produced per 
hour), whereas more than 60 per cent of Canada's 
gross domestic product now comes from the ser­
vice industries and intangible products (such as 
software). Thus standard productivity measures 
can give us a distorted picture of what is "wrong" 
with our economy. Research, technology develop­
ment, and innovation tend to be such intangible 
activities. All in all it is difficult to find any solace 
in approaches based on productivity as a key to 
competition.'? Productivity growth remains an 
important piece of the puzzle, but it is not the 
whole picture. 

Savings, Cost ofCapitol, Inveshnent, and 
Competitiveness 

Two further factors that are important for com­
petitiveness are the rate of savings and the cost of 
capital, which affect the level of investment. 
Together these two factors help determine the 
degree to which we are able to invest and re­
invest in the upgrading of our productive systems 
and resources. Typical examples of investment 
requirements are for new plant and equipment, 
new technologies, and upgraded skills. 

Not surprisingly, there is a close connection 
between a country's productivity growth and the 
growth in physical productive stock (the amount 
of net investment), the speed with which it is 
modernized (which depends on gross invest­
ment), and the way the stock is allocated (the 
types of investment). All are sensitive to the cost 
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of capital and, in the case of high-risk, high tech­
nology operations, the availability of "patient" 
capital, including venture capital. In the case of 
the latter, as Richard Lipsey has said, "the idea of 
venture capital in Canada seems to be something 
of an oxymoron.?" That is to say, there is a severe 
limitation on the amount of capital that is avail­
able to firms in Canada - particularly small and 
medium-sized high technology firms - involved 
in.activities that are viewed by the large banks 
and lending organizations as being "nontangible 
intensive" (i.e., having nonsecurable assets such 
as knowledge). Instead, a growing portion of new 
venture funds are being diverted away from 
small and medium-sized high technology firms 
towards expansions, mezzanine financing, and 
leveraged buy-outs. From 1985 to 1988, the share 
of risk capital infusions into high technology 
companies dropped from 60 per cent of all 
venture capital investments to 32 per cent. Much 
of the blame for this trend has been placed on 
professional fund managers - for their lack of 
expertise in technology ventures - and on the 
managers of small, technology-intensive firms 
who, venture fund managers claim, are inept at 
preparing business plans. 

The cost of capital is the price that a business 
pays for additional financial assets, whether to 
investors or lenders, taking into account expected 
dividends, interest, and tax payments. Thus the 
overall cost of capital depends not only on the 
sources of funds but also on what the funds are 
used for - to buy land, buildings, equipment, and 
inventories. The cost of capital is also important 
for research and development and for other types 
of knowledge capital. Not only does R&D 
compete for corporate funds, but the rate at which 
research results can be put to use depends on 
how quickly a firm can modernize its plant and 
equipment to incorporate new products and 
processes - the effectiveness of R&D in raising 
productivity is greatly enhanced if the cost of 
capital is low enough for businesses to undertake, 
adopt, and adapt more R&D. Improvements in 
human capital through education and training of 
all kinds (including training in advanced re­
search, language, literacy, and numeracy) often 
depend on access to sufficient quantities of 
quality, up-to-date equipment. Elementary and 
secondary education, for example, can benefit 
from more computers, research and language 
laboratories, and materials. The availability of any 
of these forms of capital is sensitive to the cost of 
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capital. However, our low savings rate relative to 
competitors such as Japan, our high public debt 
load, and our high dollar have all had the effect of 
driving the cost of capital up in Canada. 

Overall, it is true that Canada's total invest­
ment growth has been quite strong. However, we 
lag well behind our major competitors in terms of 
private sector investments that are linked directly 
with improving productive systems and re­
sources. Between 1980 and 1989, our investment 
in machinery and equipment as a percentage of 
GOP was lower than that of most other industrial­
ized countries. Similarly, Canadian private sector 
investment in research and development as a 
percentage of GOP was the second lowest of the 
G-7 countries. Canadian business investments in 
worker training fell well short of the investments 
made by Germany, Japan, the United States, and 
many other industrialized nations. Moreover, 
anecdotal evidence suggests that, following an 
international trend, Canadian investments in 
nonproductive activities (such as moving funds 
globally and daily to high-interest deposit 
accounts) are outpacing investments in produc­
tive activities by as much as 250 times. 

Comparative Advantage, Trade, and 
Competitiveness 

Another traditional area for analysing interna­
tional competitiveness is a country's comparative 
advantage, trade levels, and trade patterns. By 
comparative advantage, we mean the relative 
export strength of a particular sector of the econ­
omy compared with the same sector in foreign 
economies. It is seen as a way for countries to 
trade with one another in order to benefit from 
their differences in resources, skills, and so on. It 
builds on the observation that no country can be 
competitive in every sector or industry. Thus the 
underlying industry mix of a country - and the 
unique mix of resources that a country has - will 
shape its pattern of international trade. For 
example, countries with a highly skilled work­
force, such as Germany, will tend to export goods 
that are skill-intensive. Countries that have 
unique capabilities in niche markets - such as 
Canada has in scientific instrumentation, remote 
sensing, and telecommunications equipment ­
will tend to have trade surpluses in those sectors. 

While comparative advantage and trade are 
extremely important elements of the competitive­
ness debate, traditional analytical approaches to 
these areas tend to model world trade in terms of 

a series of static "factor endowments" that seek 
"equilibrium." Although traditional trade theory 
does accept that technology and technological 
capability are potentially important endowments, 
it tends to assume that technology is unchanging 
and that the rate of technical change is static. It 
also tends to assume that the effects of technology 
in determining comparative advantage and trade 
can be perfectly substituted by any other factor of 
production. Clearly such approaches have little to 
offer government policy since they not only re­
duce the firm and the nation to mere abstractions, 
but they cast the highly dynamic worlds of firm 
competitiveness, trade, and the forces of produc­
tion as being static. 

Whether taken individually or collectively, all 
of the above-noted traditional approaches to 
understanding competitiveness tend to suffer 
from theoretical difficulties and from discrepan­
cies with the real experiences of people, firms, 
and nations. For example, in the case of trade, it 
was thought in the 1960s and 1970s that the pro­
duction costs and production structures in the 
various industrialized countries (including 
Canada) were converging and that the expansion 
of trade would therefore lead to greater special­
ization. Consequently, it was widely believed that 
international trade could grow without precipitat­
ing massive dislocations of firms and workers, 
and that the political costs of expanded trade 
were low. For example, in the machine-tool 
industry, Germany would capture a large share of 
the market for some tools while the United States 
would increasingly dominate in other areas of the 
market. Expanded trade would only lead to 
increased company specialization and produce 
higher incomes for both trading nations. In the 
world of growing trade - and for all industrial­
ized participants - there would be only winners. 

And yet, as we know, there are circumstances 
in the new competitiveness in which increased 
international trade produces real losses," These 
losses can be in terms of lower standards of living, 
lost jobs, lost industries, lost purchasing power, 
lost ability to pay for social security and health 
systems, eroded educational facilities, and so on. 
These conditions have created significant adjust­
ment problems for governments, businesses, and 
individuals alike. Two changes in the world 
trading system have made this point clear in the 
past decade. The first is the entrance of producers 
from newly industrializing countries into the 
markets of the industrialized nations. The second 
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significant trade change is rooted in the new 
nature of competition between firms in the 
advanced countries. Put in its most blunt terms, 
the Canadian response to the challenge of the 
newly industrializing nations should not be to 
panic about competing with the low-wage 
workers for low value-added activities because 
we do not want a low-wage economy." Canadi­
ans want - and deserve - high-wage jobs in high 
value-added industries, for it is these industries 
that will generate the wealth through which we 
will be able to afford the health, social security, 
and education systems that we want. 

Canadians sense that the new competition is 
about rivalry - that it is about winners and losers 
and increasingly about international competition. 
Moreover, many successful Canadian firms are 
also beginning to realize that the new, long-term 
competition is increasingly based on intangibles 
such as research, innovation, and people - that it 
has to do with nonprice factors such as quality, 
corporate strategies and attitudes, and organiza­
tional patterns. These - along with staying near 
the forefront of research and innovation - are the 
underlying determinants of competition, not 
simple productivity or costs per se. The source of 
our future wealth is latent in our people and in 
their ideas. The site of our future wealth is to be 
found in the types of companies and the mix of 
industries that we can attract and develop. The 
environment conducive to productive wealth 
creation can be greatly stimulated and enhanced 
by government policies." But still the question 
remains, "what are the new forms of competing?" 

What Is New about Competitiveness? 

Everywhere there are signs of a shift in the nature 
of competition. Among the more profound shifts 
- to which Canada must respond - are the 
following: 

1) A fundamental redefinition of the manufacturing 
company is takingplace. The manufacturing 
company is traditionally a site for production, 
and the economist's formulation of production 
is the production function: that is, the mix of 
capital and labour that is required to make 
things. But the new manufacturing firm is 
beginning to invest more in its research and 
development of new products and processes 
than it is in capital. Indeed, in Japan in 1986, 
R&D investment surpassed capital investment 
in manufacturing, and the change occurred 
rapidly. This is a signal of fundamental change, 

What Is New about 
Competitiveness? 

• A fundamental redefinition of the 
manufacturing company is taking place. 

•	 There are deep changes taking place in 
the definition of a firm's business. 

•	 Competitive firms are increasingly 
evaluating their core strengths, not on 
the basis of end products but on the 
basis of core competencies. 

•	 Many competitive firms are rapidly 
moving towards lean - versus craft or 
mass - production. 

•	 The very concept of value added is 
changing from what we have to what 
we do. 

•	 There are major changes taking place in 
the technology development process. 

•	 There are major changes taking place in 
the patterns of technological innovation. 

•	 Increasingly, the underpinnings of the 
new competitiveness are based on social 
innovation. 

for if R&D investment is thought to be more 
important to the competitive position of a large 
number of such firms, then they could be said 
to be changing from being a site for production 
to a place for thinking. 

2) There are deep changes takingplace in thedefinition 
ofafirm's business. Today, technological 
diversification has progressed so much that it 
is hard to distinguish between a firm's princi­
pal and secondary businesses. In Germany, 
Japan, and the Netherlands, for example, the 
once principal business of many firms has been 
overtaken by secondary business. Or, in other 
cases, competitive firms are actively redefining 
their core businesses; steel companies, for 
example, are moving away from steel towards 
new materials and (in the case of Japan) bio­
technology. Thus, competitive firms are 
finding that their rivals may no longer even be 
in the same industry as they are. Such busi­
nesses are moving from visible to invisible 
enemies. Less successful firms are seeking 
corporate diversification through mergers and 
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acquisitions. According to several analyses of 
North American mergers and acquisitions, 
however, corporate growth through diversifi­
cation is surprisingly low, and many attempts 
at diversification along these lines have ended 
in failure. 

3) Competitive firms are increasingly evaluating their 
core strengths, noton the basis ofend products but 
on the basis of core competencies. No longer are 
top managers in competitive firms being 
judged on their ability to restructure, unclutter, 
and de-layer their corporations. Today, they 
are being judged on their ability to identify and 
cultivate the core capabilities of the firm. They 
are, in effect, having to rethink the idea of the 
corporation itself. A core competency involves 
the collective learning or knowledge of a firm, 
especially as it relates to the coordination of 
diverse production skills and the integration of 
multiple streams of production technology. It 
involves the flexible organization of work - so 
that the isolated cost centre or strategic busi­
ness unit is no longer seen as optimal produc­
tive organization - and the clear expression of 
corporate values. Firms that understand their 
core competencies ensure that technologists, 
engineers, and marketers have a shared under­
standing of customer needs and the techno­
logical possibilities. 

4) Many competitive firms are movingrapidly to­
wards lean - versus craft or mass - production. 
Craft producers use skilled workers and 
simple but flexible tools to make custom­
designed products one at a time. Mass produc­
ers tend to use narrowly skilled professionals 
to design highly standardized products made 
by unskilled or semi-skilled workers with 
expensive single-purpose machines. Jobs are 
broken down into small, easy-to-master steps, 
permitting the employment of inexperienced 
workers. Lean producers are employing teams 
of multi-skilled workers at all levels of the 
organization and use highly flexible and in­
creasingly automated machines to produce 
volumes of products in enormous variety. 
There is a major implication in the flexible and 
automated lean production system. It is pos­
sible both to attain economies of scale and to 
offer variety. 

5) Thevery concept of valueadded is changing from 
what wehaveto what we do. No longer are com­
petitive firms adding value simply by working 
more efficiently with their raw materials - be 

they wood, silicon, or semi-fabricated compo­
nents. Instead, these firms are migrating. If 
their traditional business is in raw materials, 
then they are moving their product lines up 
through processing, semi-fabrication, compo­
nentry, subsystems, and full systems. Staying 
at the low end of the new value-added chain 
will only mean increasing competition with 
firms in low-wage economies. As world re­
source prices continue to fall and new suppli­
ers continue to enter the market, a firm's ability 
to pay fair Canadian wages, upgrade technol­
ogy, or to migrate the business, will only be 
eroded. This is important to realize because 
Canada still depends heavily on resource com­
modities to generate its trade surplus - which 
it uses to pay for sophisticated machinery, 
medical equipment, and so on. Many of 
Canada's competitors, having situated their 
principal businesses at the high value-added 
end of the chain, are migrating their businesses 
down the chain and in so doing are both 
strengthening their own supplier linkages and 
setting the terms for operation in those down­
stream activities. 

6) There are major changes takingplace in the technol­
ogydevelopment process. In the most advanced 
technology areas, the key issue for technology 
policy has become not how to break through 
technological bottlenecks, but how to access 
best-practice research and technologies and 
put them to the best possible use. Accordingly, 
a day of reckoning is coming for technology 
policy, which has traditionally concentrated on 
the supply side of technology (funding of basic 
research, technology creation, and so on). 
Increasingly - and rapidly - technology policy 
will need to deal with the demand side of tech­
nology, and in particular with demand arti­
culation. Through this process, the need for 
specific technologies can manifest itself and the 
R&D effort can be targeted toward accessing, 
developing, and perfecting them. 

7) There are major changes taking place in the patterns 
of technological innovation. Conventional wis­
dom holds that technological innovation is 
achieved by breaking through the performance 
boundaries of existing technologies. With 
regard to new fields such as optoelectronics 
and mechatronics, however, it would be more 
appropriate to view leading-edge technological 
innovation as fusing different types of technol­
ogy rather than as technical breakthroughs. 
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Canada seems to be more active in the more 
traditional style of technological innovation. 

8) A final important shift underpinning the new 
competitiveness has to dowith thesocial innovation 
associated with technology diffusion. The wide­
spread generation and utilization of informa­
tion technology (IT) throughout IT and non-IT 
sectors of the economy is possible only after a 
period of adaptation in the social organization 
of firms and social institutions. This adaptation 
is one that opens the organization to the 
potential of the new technology. Although 
technological innovation can happen very 
rapidly, there is usually a great deal of institu­
tional inertia to overcome. Diffusion relies on a 
succession of firms identifying, adopting, and 
adapting a technology of potential use. 

A Framework for Growth: Research, 
Technology, ana Innovation 

As Richard Lipsey has recently reminded us, 
research, technology, and innovation are the 
driving forces underlying competitiveness" in 
high value-added firms and advanced industrial 
countries. However, there is almost as much 
confusion about what these terms really mean as 
there is about competitiveness. For example, 
innovation is most often thought to refer only to 
technological innovation. This is too narrow. 
Innovation is a broad and dynamic process that 
applies equally to the technologies, product 
development, production-process smoothing, 
management, marketing, organization, and 
learning capability of a firm. So a technical 
breakthrough or technology fusion may well be 
based on one or a series of technical innovations, 
but it may not be identified or used effectively 
unless the firm itself can reorganize, or is already 
flexible enough to internalize the technology. This 
involves social innovation. Thus an innovative 
firm does not have to be in a high technology 
industry. It may use the technology for its internal 
purposes (word-processing pools or inventory 
control) or production purposes, in which case 
the technology becomes embodied in the business 
and products or services of the firm. Or it may 
begin, as its main business, to create, modify, or 
assemble the technology itself (as in the case of 
computers, numerically controlled machine tools, 
and so forth). 
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Technology 

Technology is knowledge that is embodied in an 
artefact. It contributes to the creation, fabrication, 
and improvement of economically and socially 
useful products and services. Such knowledge 
relates not only to physical artefacts but also to 
forms of organization needed for their produc­
tion, distribution, and use. We clearly depart here 
from the widely held assumption that technology 
is simply a form of "information" that has the 
properties of being costly to produce, but virtu­
ally costless to transfer and to use. On the con­
trary, technological knowledge is mostly tacit 
(that is, it cannot be made fully explicit in the 
form of instructions), is embodied in individuals, 
and is mainly firm-specific. Technological knowl­
edge is not largely generated by basic research 
activities, but is instead developed by firms to 
improve specific product lines or to solve specific 
problems. Depending on the type of technology, 
industry, or firm, such activities may be defined 
in terms of design, development, or production 
engineering. 

Technological know-how and technology 
acquisition for firms is a cumulative and highly 
specific process. For example, two firms that 
make, say, light bulbs, may do so based on very 
different core technologies, core competencies, 
and corporate cultures. Given the firm-specific 
and highly specific nature of products, processes, 
and related technological knowledge, the majority 
of firms tend not to engage in broadly based in­
house research, but instead tend to closely watch 
technology and market areas that are germane to 
their existing activities. What firms try to do tech­
nologically in the future is strongly conditioned 
by what they have been able to do in the past. 

Basic Research 

In many instances, at the defining edge or frontier 
of much technical innovation is basic research. It 
is most often thought of as an international acti­
vity that is (mostly) publicly funded and carried 
out in universities. Its principal output is usually 
the publication of research results in scientific 
journals. As a result, the national benefits of basic 
research do not stop at national borders. Attempts 
to deliberately contain basic research by isolating 
it from international exchange are counterproduc­
tive not only to science, but to the rapid advance 
of scientific understanding and ultimately to the 
advance of the society funding it. This "free­
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floating multinational" character of basic research 
does not imply that it has little economic value, 
nor does it suggest that basic research does not 
factor into the competitive advantage of firms and 
nations. In fact the opposite is true. 

Basic science has strong economic ties (i) in its 
own right as a form of intellectual consumption, 
(ii) as a foundation to the technical training of 
future generations of researchers and technicians, 
(iii) as a source of fundamental knowledge 
needed to solve practical problems, and (iv) as a 
source of future generic or strategic technologies. 
It is for these reasons that a great many large 
firms are constantly involved not only in monitor­
ing basic research results, but in contributing to 
and using them. It is also for these reasons, 
although in a decidedly more constrained and 
focused way, that many small, very high technol­
ogy firms engage in basic research. 

Having said this, it is important to recognize 
that there are two extreme, but still popular, 
models of the linkage between science, technol­
ogy, and innovation that are not valid. Unfortu­
nately, they still seem to have currency - espe­
cially in policy circles - and must be discarded. 
The first can be described as the "science push" or 
"linear" model, where "R leads predictably to D" 
and then to innovation (defined here as the first 
commercialization of a product or process), and 
diffusion. The second model can be described as 
"demand pull." It assumes that the rate and 
direction of technological change are by-products 
of other forms of economic activity: in particular, 
investment in plant and equipment is assumed to 
be the means through which innovations are com­
mercialized. Both these popular models ignore 
the vital importance of interaction between re­
search, corporate culture, and the market or users. 
They ignore the considerable variations among 
sectors, products, and technologies. They ignore 
the institutional sources of knowledge and the 
growing importance of (and problems associated 
with) inter-institutional linkages (as in university­
industry and inter-firm connections). They ignore 
the unpredictability or serendipity of all research. 
And they assume that "science" feeds evenly into 
"technology" at a consistent or dependable rate. 
In fact, while the relationship between science 
and technology is known to be extremely impor­
tant, it is also very poorly understood. 

As a result of the economic importance of basic 
research, it is important to underscore four critical 
reasons for its public support. First, if left to itself, 
a market will tend to invest less than is optimal in 
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basic research because a profit-making firm can 
never capture all the benefits of the research that 
it sponsors. Second, basic research underpins the 
development of strategic technologies, which ties 
a firm into the international marketplace and 
which ties a country - via its researchers - into the 
world pool of new knowledge and new technolo­
gies. Third, facilities for basic research form an 
important part of a nation's infrastructure for 
future technological and productive activities. 
Fourth, basic research provides the critical train­
ing and research skills needed for the develop­
ment of many future employees. 

Strategic Technologies 

Strategic technologies are so called because they 
have a firm footing in advanced research and an 
extremely wide applicability across industries 
and sectors. It is a characteristic of strategic tech­
nologies - such as microelectronics - that they 
transform entire industrial sectors while creating 
new ones. It is characteristic of strategic technolo­
gies that a large portion of their knowledge base 
lies in the public domain in the form of published 
papers and patents. In part this is due both to the 
novelty of the technologies themselves and to 
their rate of development. These features create 
an incentive for firms and researchers to keep 
informed about alternatives to those technologies 
that the firm is currently backing. In some sectors, 
it is essential for a firm seeking to be at the fore­
front to have an in-house knowledge base that 
enables it to monitor and absorb knowledge from 
public sector research institutions - most notably, 
universities. This is even (perhaps especially) 
important for smaller firms near the forefront, as 
it is (albeit in a different way) for firms following 
an adopt and adapt strategy. It is because of the 
knowledge-intensive, rapidly developing, and 
public nature of these technologies that firms in­
creasingly are moving into collaborative arrange­
ments. These arrangements include research 
consortia (in which companies and university labs 
share recent results), contract research, joint 
ventures, and strategic alliances. 

Leading firms in strategic technologies tend to 
be drawn along a technological trajectory that 
improves their performance and leads them into 
new products with high growth in demand. Their 
technologies often spill over into adjacent sectors, 
creating in tum new technologies, new products, 
and at times new industries. Conversely, firms 
that are well behind the technological frontier­
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both as generators in some niche areas, and as 
users in broader areas - may find that their future 
performance is IIdynamically penalized" by their 
current industrial structure. In such a case, the 
national economies drift into lower value-added 
production and exports. One of the challenges to 
Canada is to shift its industrial mix into more, not 
less, value-added production and exports. This 
underlines the importance of strategic technolo­
gies and innovation. 

By being active in strategic technology areas 
and by defining narrow niche areas in ways that 
build on indigenous strengths and market 
opportunities, a nation's industrial structure can 
be made more knowledge-intensive and more 
competitive. In Britain, France, Germany, Japan, 
Sweden, and the United States, for example, care­
fully defined strategic-technology niche areas and 
niche policies have been set or sought. These 
countries - our competitors - believe that by 
focusing on certain specific capabilities, they will 
move their industrial structure into higher value­
added products and processes. In Canada, by 
contrast, we have not yet identified key niche 
sectors or technologies, nor have we adopted a 
more dynamic understanding of value added. 
This is true despite the fact that we have superb 
indigenous capabilities in such important technol­
ogy areas as remote sensing, satellite technolo­
gies, advanced software, energy technologies, and 
so on. Canada needs a clear, well-articulated, 
goal-oriented innovation strategy. 

Despite the critical contribution that basic re­
search makes to the competitiveness of a country, 
it is its role with regard to strategic technologies 
that most often is of interest to policy makers. As 
has already been suggested, the general impor­
tance of strategic technologies stems from the fact 
that they set the performance standards for the 
next generations of technology and they are 
applicable in a wide variety of industries and 
products. They can be generated and developed 
by a large number of industries, and they can be 
IIstretched" or modified over time to underpin 
subsequent families of technology. However, to 
fund basic research on the expectation of develop­
ing strategic technologies is shortsighted and only 
follows the now-dead linear models." Indeed, it 
may seem unusual that disparate technologies ­
such as informatics (information plus communi­
cations technology), biotechnology, and new 
materials - are being clustered together by policy 
makers and afforded similar special treatment as 

strategic technologies. After all, there is much that 
they do not have in common. Some form the basis 
for enormous international industries while 
others, such as high-temperature superconductiv­
ity, are little more at the moment than promising 
laboratory phenomena. What they do have in 
common, however, is that they are knowledge­
intensive and they are likely to become pervasive. 
(It is these characteristics that have contributed to 
Japanese firms spending more on R&D than 
physical capital). 

Successful Firm-Level Innovation 

Firm-level innovation must be seen as being more 
than just research and technology. More broadly, 
it has to include development and design activi­
ties, finance and marketing, market surveillance, 
firm organization, and firm strategy. Competitive 
firms, regardless of size or industry, have to be 
innovative. But innovation is multifaceted. There 
are no simple, single-factor explanations. How­
ever, factors underlying successful innovations 
are fairly generalizable. 

Successful firm..Levellnnovation 

Successfully innovative firms 

• are people-centred; 

• forge extremely strong end-customer 
linkages; 

• are internally integrated; 

• see innovation as a corporate-wide 
task and set the ~onditionsfor 
innovation. 

1) Successful innovation ispeople-centred. It is based 
on competence and an ethos that encourages 
and rewards creativity and innovation wher­
ever they may be found. Formal management 
techniques can enhance the performance of 
competent managers, but they are no substi­
tute for management of high quality and 
ability. Just as research and technological in­
novation are the result of creativity and insight 
(people-centred characteristics), so too is suc­
cessful innovation dependent on key individu­
als - top management, technological gate­
keepers, and product champions. 
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2) Successfully innovative firms forge extremely 
strongend-customer linkages. Traditionally, the 
role of marketing is to scan the marketplace to 
identify new and evolving customer require­
ments as a basis for initiating new product 
developments or modifying existing ones. 
This is a passive, or at best reactive, attitude, 
regarding the user as simply responding to a 
marketeer's questionnaire. The marketeers 
then assess the answers for themselves and ­
feed what they feel is appropriate into the 
product development or design function. The 
interaction ends there. In high value-added 
competitive firms, however, the user is seen as 
an integral part of the design and development 
process. Product improvement is based on a 
relentless focus on customers' needs and 
markets. Strong customer service, customer 
training, and follow-up are key. 

3) Truly innovative firms are internally integrated. In 
firms where functions are separated - compet­
ing strategic business units, for example ­
products or product ideas are essentially 
"thrown over the wall" to the next group that 
has to deal with it in order to get it to market. 
There must be integration of management, 
ownership of the new product or idea, corpo­
rate sense of direction, and feedback from the 
market to the engineers. Without these there 
will be no impulse to improve products, pro­
cesses, or services. The firm will not be in a 
position to set the terms for competition and 
will be forced to accept the terms set by a rival. 

4) High value-added competitivefirms see innovation 
asa corporate-wide taskand set theconditions for 
innovation. Top management must be seen to 
be receptive to risk, as well as committed to 
and supportive of innovative ideas and prac­
tices. There should be a long-term commitment 
to major projects and there should be, to the 
extent possible, a willingness to seek finance 
internally. 

Just like firm-level innovation, successful 
innovation at the level of the nation must be seen 
as involving much more than just research ­
although, again, a critical (and healthy) mass of 
research and development is essential for the 
development of a competitive nation. Innovation 
depends, for example, on the culture of the nation 
- on the willingness of its people to learn and to 
put their know-how and vision together in action. 

It depends on the ability of the country to con­
stantly enhance its technological capabilities. 
Successful innovation (and "imitation," which is 
the "next best practice" upon which all countries 
including Canada depend for diffusion) requires 
high levels of technological activity to be per­
formed and financed by firms. It requires publicly 
funded systems of basic research, which provide 
skills, instrumentation, and delivery of know-how 
to practitioners through a multiplicity of channels. 
Over time, the mix between innovation and 
imitation (in both science and technology) will 
and should change, reflecting the fact that a 
nation is either moving towards or away from 
the world's best practice. 

It should be realized that successful innovation 
and imitation does not come cheap or easy. The 
infrastructure for innovation in Canada must be 
continually built up and maintained at interna­
tional best-practice levels. This necessarily re­
quires strong and interlinked policies for research, 
training, finance, management, communications, 
and even transport. Imitating best practice 
German, Italian, or Japanese technology is diffi­
cult, not only because of the technical aspects but 
also because of distance and language. Many 
Canadian firms - though nowhere nearly enough 
- have recognized the importance of person­
embodied knowledge transfers and have pursued 
a variety of activities through which to enhance 
their technology and marketing capabilities. 
These have ranged from personnel exchanges 
with universities and R&D labs to foreign­
language courses and joint ventures. 

Can Canadians Really Lose Out? 
Canada has some superbly innovative firms and 
some extremely strong research and technology. 
Our standard of living is high. We still have 
strong social security systems. Canada is a small 
country that has a surprisingly big economy.'? 
And Canada has a very positive international 
reputation - geopolitically, environmentally, and 
as a place to live.IS 

However, Canada is vulnerable because it is 
still dependent on undifferentiated resource 
industries for a large part of its wealth creation. 
We are heavily dependent on trade with the 
United States, and our trade pattern is narrowing. 
We are technologically dependent and our 
industrial structure is narrow. Canada contributes 
roughly 2 to 4 per cent of the world technology 
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pool and 3 per cent of the world research results. 
Our high technology trade balance shows a 
$7 billion deficit. More than 75 per cent of our 
exports go the United States, while a mere 6 per 
cent go to Japan. Although we have tremen­
dously talented individuals and firms, more than 
65 per cent of all our industrial R&D is done by 
only 100 firms. Our high technology exports are 
concentrated in four commodity groups: aircraft 
and associated equipment, telecommunications 
equipment, ADP machines, and non-electric 
engines and motors. Our federal deficit, and the 
emphasis of most firms on the "bottom-line, 
quarterly statement," is squeezing our ability to 
save and re-invest in productive activities. Many 
argue that Canada probably has too many law­
yers per capita 19 - as compared with Germany, 
Japan, and Sweden - and that we need more 
engineers, scientists, teachers, and entrepreneurs. 
Canada's population is aging rapidly and will be 
requiring the services of our health care system in 
increasing numbers. As it is now, we are not 
creating enough wealth to be able to pay for this 
surging demand on the health care system. 

Surveys regularly point to the fact that Cana­
dian managers do not understand research, tech­
nology, or innovation, and prefer to focus on 
short-term finance and sales. Other surveys show 
that our business and engineering schools offer 
ludicrously few courses in technology manage­
ment, technology policy, or the economics of 
R&D.20 They are training for a marketplace that 
existed 20 to 30 years ago. 

It is clear that we are not adjusting to the new 
competition fast enough. Between 1971 and 1986, 
Canada's high technology exports as a proportion 
of total exports increased from 11 to 14 per cent. 
During the same period, the proportion of high 
technology exports rose from 27 to 38 per cent in 
the United States, from 12 to 28 per cent in Japan, 
and from 9 to 24 per cent in the newly industrial­
ized countries of Asia. Contrary to the optimistic 
expectations of the 1960s and 1970s, the world 
economy is not the exclusive terrain of the indust­
rialized countries. The world economy grew by 
only 1 per cent in 1990 and was growing even 
more slowly in 1991. Almost all the growth is 
taking place among our competitors. In 1990, the 
economies of Latin America shrank by 4 per cent, 
Eastern Europe by 11 per cent, and the Soviet 
Union by 14 per cent. There is nothing magical 
sustaining the Canadian economy or the Cana­
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dian standard of living. Canadians can lose out. If 
we are to compete, we have to work and we have 
to invest - in our people and in our firms. We 
have to innovate. And we have to create a climate 
that stimulates competition on the basis of final 
customer needs, high value added, and a vision of 
the way we want Canada to be. 

But where is the clear leadership from our poli­
ticians, entrepreneurs, employees, and teachers? 
We need everyone pulling together. What we 
need from our leaders is a very clear agenda for 
action - even if it seems controversial. But most 
are too preoccupied with the trees to see the for­
est. Our leaders must be willing to take unpopu­
lar stands when necessary. And when such stands 
are necessary, they have an obligation to explain 
their positions to their constituents. They must 
solicit the support of their constituents and win 
not only their approval but their involvement. 
Canadians know that we must work to shed the 
"woodshed of the OECD" image. The linkages 
between research, technology, and innovation­
coupled with a belief in people - give us the 
building blocks. 

A first step in making Canada more competi­
tive is for our leaders to take responsibility for 
ensuring that every citizen realizes what being 
competitive really means and why it is important 
to every individual. In this way, the vision of 
Canada's leaders can be translated into reality. To 
date, however, such leadership has not been 
forthcoming. There seems to be a preference in 
some business circles for opinion over vision and 
a reliance in academic circles on old practices, 
while some government circles seem to have 
opted for a process of excessive - or at least, un­
focused - consultation. To be sure, consultation is 
an important element in our parliamentary 
democracy. But it has practical limits. Unless clear 
questions are asked, and clear mechanisms exist 
through which to translate business and public 
concerns into action, there is a real danger that 
Canadians will see consultation processes as mere 
proxies for leadership - as indications of the 
absence of vision. And, after all, competitiveness­
like research, technology, and innovation - is a 
visionary activity. 
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Introduction
 

Part 3 provides a brief overview of the main 
events in science and technology policy in 1991. 
It is divided into five chapters to cover five 
broad (and overlapping) policy areas: education, 
industrial innovation, impacts, infrastructures, 
and new frontiers. Woven into the summary 
of the principal events are the comments and 
opinions of a variety of participants in the science 
and technology policy debate. 

The five chapters are presented in the order of 
importance identified by readers of the Science 
Council's newsletter, In Touch. In a survey in 
July 1991,readers ranked "education, training, 
and literacy" as the most important of the five 
policy areas for study, and "new frontiers" as the 
least important. It should be stressed, however, 
that the majority of readers felt it important to 
investigate all five areas. 

The treatment is necessarily somewhat selec­
tive: one could focus on anyone of the five 
interrelated policy areas and find that in a given 
year a tremendous amount is going on in policy, 
programs, advocacy, and debate. For this first 
review, for example, the chapter on impacts 
focuses on aspects pertaining to the environment. 
Subsequent reviews may reflect a different 
approach or emphasis. 
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1. Education, Training, and literacy
 

The unavoidable conclusion from the reports and 
the surrounding debate on education in 1991 is 
that a consensus is emerging in Canada that must 
lead, ultimately, to fundamental changes in the 
country's educational system. The question is 
whether change will happen sooner rather than 
later. This section will review some of the major 
events and opinions shaping the discussion. 

The momentum for change is the growing 
recognition, first among scholars and now in­
creasingly among employers, parents, educators, 
and politicians, that Canada's future prosperity in 
a global, knowledge-intensive economy is cru­
cially dependent upon the enhanced education 
and training of its people. The realization that 
education must extend beyond the acculturation 
and "empowerment" of the individual to con­
sider society's broader economic and social re­
quirements was reflected, at the federal level, in 
the May 1991 Speech from the Throne: 

Increasing economic prosperity is first and 
foremost an issue of people. Canada's ability 
to prosper in a global economy will be deter­
mined by the level of Canadians' education 
achievement, by the sophistication of our 
management skills and by our attitudes to 
work and to change. In the dawning knowl­
edge age, how well we live will depend on 
how well we learn. 

This message was reiterated by the govern­
ment in the subsequent publication of two con­
sultation papers, Prosperity through Competitiveness 
and Learning WelL.Living Well. 

An international perspective was provided by 
the World Economic Forum and the International 
Management Development Institute in their 1991 
World Competitiveness Report. Although, as men­
tioned in the previous section on competitiveness, 
this document must be read with close attention 
to its methodology and limitations, it nevertheless 
served as a further reminder that the availability 
of skilled human resources was as significant to 
Canada's economic performance as industrial 
efficiency and financial dynamism. Our poor 
ranking in people factors, defined by poor worker 
motivation (16th), the high number of industrial 
disputes (16th), and limited availability of skilled 

labour (15th), contributed to Canada's drop from 
fourth (in 1990) to fifth place in the world com­
petitiveness standings. 

The dialogue on education, training, and lit­
eracy also involved social issues such as poverty, 
drug abuse, violence, and hopelessness, as 
indicated in the Organisation for Economic 
Co-operation and Development's 1991 Employ­
ment Report: 

The increased incidence of unemployment is 
affecting the living standards and welfare of 
many people and their families, adding to the 
problems of poverty and social exclusion. 
Moreover, those entering unemployment risk 
losing skills, motivation, and the capacity to 
work and to learn new skills.' 

For Canada, with its high unemployment 
levels in 1991, the danger that a growing number 
of Canadians would enter the unemployment­
poverty-illiteracy cycle was heightened. This 
cycle, once considered to be a problem for citizens 
of developing countries, is a growing reality for 
citizens of developed countries, including 
Canada. 

Who then has the responsibility for improving 
Canadian education, training, and literacy? In 
September, the federal government presented its 
constitutional proposals for national discussion. 
Its proposal to transfer certain responsibilities, 
such as labour market training, to the provinces 
served to re-ignite the debate regarding national 
educational standards, training, and testing. 
These are among the issues examined below. 

Elementary and Secondary Education 

The call for national educational standards was 
prominent in the discussion on education in 1991. 
It found new and vocal allies in the business com­
munity, which brought the lexicon and manage­
ment practices of business to the discussion. For 
example, many industry leaders expressed the 
view that education requires the application of 
market forces to keep it competitive. Robert 
Kennedy, chairman and chief executive officer of 
Union Carbide, in his address to a conference on 
education and business sponsored by the Confer­
ence Board of Canada in April, contrasted how 
business and education assess their health: 
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If you and I want to know how good our com­
panies are, we ask the stock market. We learn 
quickly from our customers. We listen to the 
security analysts, even when it hurts. We pick 
up the annual reports of our competitors. 
Schools don't have that continuous feedback. 
They don't have competition; therefore they 
don't have competitive benchmarks. 

How can the educational system set competi­
tive benchmarks? For Thomas D'Aquino, presi­
dent and chief executive officer of the Business 
Council on National Issues, "Standardized tests 
are one way to introduce excellence into our 
educational systems. The tests set goals for people 
to shoot at.'? 

Some teachers and school administrators, on 
the other hand, question the value of national 
testing for students and ask: How does one 
measure excellence? Geraldine Kenney-Wallace, 
president of McMaster University and former 
chairman of the Science Council of Canada, 
suggests that: 

The concern over testing is deeper than just an 
argument over whether testing will reveal 
what you wish to know. It is also an argument 
about who is going to compare my students 
with your students, this school against that 
school, this province against that province.' 

In any case, the use of national standards test­
ing is increasingly being viewed not only as an 
assessment of student knowledge but as a per­
formance and accountability measure for teach­
ers, schools, and school boards. 

As for tangible initiatives regarding the imple­
mentation of educational standards, the Council 
of Ministers of Education had the support, until 
the middle of the year, of all the provinces for a 
pilot testing project (School Achievement Indica­
tors Program). Beginning in 1993, this national 
program would test the reading, writing, and 
math skills of 13- and 16-year-olds. In the spring, 
Ontario rescinded its participation in the project, 
claiming that the tests would not take into 
account the ethnic diversity of Ontario students or 
reflect what students were being taught in 
school.' In December, however, education mini­
sters from all provinces except Saskatchewan 
agreed to nationwide school tests. Saskatchewan's 
new minister of education indicated that a deci­
sion to participate in the project would be forth­
coming after consultations had been conducted in 
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her province. Regardless of the outcome of this 
project, some provinces, such as Alberta, are com­
mitted to measurement tests and have taken steps 
to institute provincial testing. In October, the 
Alberta minister of education unveiled a blue­
print for the next decade that included more 
provincial testing and basic skills development as 
well as clearer guidelines on what is expected 
from teachers and students." 

The federal government advocated national 
educational standards in Learning Well...Living 
Well, released in November. It suggested that 
national standards and measures are necessary 
for portability, mobility, and consistency. They 
would enable individuals to move with compara­
tive ease through different educational institu­
tions at different stages of their lives. The docu­
ment also suggested that performance measures 
would allow individuals to compare educational 
institutions. The federal government, however, 
offered no strategy or plan for developing na­
tional standards or for resolving any of the other 
issues challenging Canada's competitiveness. It 
did say that it would consult with Canadians to 
find the solution through a prosperity secretariat 
(consisting of about 30 federal bureaucrats as well 
as private sector committees), public meetings, 
and public awareness programs. Given the spate 
of consultations that Canadians have been asked 
to participate in over the last two years and the 
economic downturn of the past year, it was not 
surprising that support for this process was weak. 
As John Bulloch, president of the Canadian Fed­
eration of Independent Business, put it: 

We are being savaged out there and [the fed­
eral government] wants to get us involved in a 
one-year-long talkathon. There are a bucketful 
of studies that have dealt with competitiveness 
issues. Action should have been taken already." 

The achievement of national standards possi­
bly became more difficult when the federal gov­
ernment released (in September) its constitutional 
proposals in Shaping Canada's Future Together. The 
document acknowledged that the responsibility 
for education has always been the domain of the 
provincial governments and stated that it should 
remain there. But in addition it proposed to trans­
fer federal labour-market training functions to the 
provinces. This transfer was seen, by some, as a 
contradiction in policy objectives. How could the 
central government set national standards and at 
the same time abandon its role in training? 
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Figure 1. Second International Science Study, End ofHigh School, Science
 
Specialists, 15 Industrialized "Countries," 1983-1986
 

(per cent correct, adjusted for years ofschooling and retention rate)
 

Hong Kong (form 7) l 65.1 
i 

!Hong Kong (form 6) l 64.5 

England [ 59.5 

Hungary 59.3I
I 

Japan I 59.0 
I 

Norway I I 57.6
 

Singapore I l 57.4
 

Poland l 55.9
 

Australia 54.9I 
i 

Finland -1 52.9 
i 

Sweden I 52.0 
I 

ICanada (French) 49.8 
I 

Canada (English) 
i 

49.6I 

United States 
I 

45.2 
I 

Italy I 35.0i 

Sour~e: Judith Maxwell, Chairman, Economic Council of Canada, "Notes for an Address to the National Forum 
of SCIence and Technology Advisory Councils," Victoria, B.C., 30 September 1991. 

Science Education 

The relatively poor performance of Canadian 
students in high school in math and science 
programs was assessed by the Economic Council 
of Canada, drawing on data from the Second 
International Mathematics and Science Studies. 
Even after the results were adjusted for differ­
ences in years of schooling and retention rates, 
Canadian students finished near the bottom of the 
list, as indicated in Figure 1. (Only British Colum­
bia and Ontario participated in the mathematics 
study, while all provinces participated in the 
science study.) 

Some researchers, however, are cautious about 
the usefulness of such international indicators 
because cultural and policy differences between 
countries confound the interpretation of the re­
sults (for example, by comparing students in a 
general study program with those who are 
"streamed" into science programs). It has also 
been suggested that the hunt for performance 
indicators is driven by the search for accountabil­
ity measures.' If this is the case, perhaps it would 
be more meaningful to measure how well the 
educational system is meeting local expectations 
and a school's declared mission. Although the 
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Economic Council describes this as "largely 
uncharted territory, raising formidable questions 
a~out.concepts and measurements, liB policy 
direction for education will be difficult to define 
without better information. 

.A widely a~cepted prescription for improving 
SCIence education has been available since 1984in 
the Science Council of Canada's report Science for 
Every Student: Educating Canadians for Tomorrow's 
W?rld. A recent informal survey of provincial 
SCIence curriculum initiatives revealed that many 
of the report's 47 recommendations have been 
incorporated in full or in part by all ministries of 
education. British Columbia, in particular, quickly 
adopted t~e recommendations as ministry policy. 
Altho~g~ It may be ~~incidental, it is noteworthy 
that British Columbia s performance in the inter­
national science study exceeded that of all the 
other provinces. 

In 1~90, the House of Commons Standing 
Con:uruttee on Industry, Science and Technology, 
Regional and Northern Development heard bus­
iness, professional, and trade associations and 
educators strongly advocate the need for more 
math and science education in Canadian schools. 
The Committee's final report, Canada Must 
Compete, stated: 

Witnesses impressed upon Committee mem­
bers the need to instill a greater awareness of 
science in young students....The low profile ac­
corded science and technology in Canada and 
th~ lack of interest among students in pursuing 
SCIence careers must be addressed immedi­
~tely. If Canada fails to create a scientifically 
literate labour force it will not be able to 
compete in the global economy." 

Ottawa's specific response to the call for sup­
port for math and science education was to point 
to existing public awareness programs, such as 
Science Culture Canada and National Science and 
T~chnologyWeek. lO A discussion paper on 
SCIence and math education by the Conseil de la 
science et de la technologie du Quebec noted that 
aside from the Science Culture expenditures and' 

despite the statements of the Prime Minister at 
the National Conference on Technology and 
Innovation in January 1988about the impor­
tance of science and mathematics education in 
schools, the federal government's targeted 
expenditures on pre-college science and math­
ematics education are precisely $O.n 
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Dropout Rate 

The dropout rate (estimated at between 25 and 
30 per cent) in high schools drew attention to an­
other set of issues that challenge the educational 
systen:. Th~se issues include poverty, drug abuse, 
and alienation, and they prevent a growing num­
ber of students from participating fully in the 
education process. In Quebec, where the dropout 
r~te was estimated at 36 per cent (1988-89), a 
policy paper released in the fall by the Quebec 
~stry of education identified poverty as the 
major obstacle to reducing the dropout rate" ­
a conclusion reached in several other studies 
elsewhere in recent years. 

Furthermore, the dropout rate is a problem 
that is not easily resolved using standard educa­
~onal solutions, e.g., longer class periods, imposi­
tion of tougher stay-in-school regulations, or even 
curriculum changes. The question then arises: 
who or what agency is responsible for providing 
~ solution? This year the federal government 
mtroduced a new program, Start, aimed at 
supporting projects that offer solutions to the 
dropout issue. But Michel Page, Quebec's mini­
ster of education, is convinced this initiative is a 
waste of money: 

We can do much more than the federal gov­
ernment with the money that will be spent on 
this program. Can anyone really say that 
Ottawa has the ability to define the local needs 
of people living in British Columbia or 
Quebec?13 

In April, the Conference Board of Canada 
pub~shed its report on the dropout problem, 
Profiles ofPartnerships: Business-Education Partner­
ships thatEnhance StudentRetention, and it also 
announced the establishment of the Conference 
Board's National Business and Education Centre. 
The r~port profiled 30 business-education part­
nerships currently operating that have enhanced 
student retention in schools across Canada 
through a variety of program strategies including 
dropout prevention and intervention. The report 
acknowledged that 

because there is no one cause or common 
theme that explains dropping out, there need 
to be many programs and strategies to solve 
the many aspects of the problem." 
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Universities and Community Colleges 

EPF Transfers and Accountability 

In a 1985report on federal financing of post­
secondary education and research prepared for 
the Secretary of State of Canada, A.W. Johnson 
reviewed the deficiencies in the finances (e.g., 
expenditures per student) and financing (e.g., 
federal and provincial contributions) of post­
secondary education." He identified conflicting­
perspectives between the federal government and 
the provinces regarding the use of Established 
Programs Financing transfer payments. These 
payments represent the means by which the fed­
eral government contributes to the financing of 
universities and colleges. In particular, he re­
ported that since the EPF transfers were uncon­
ditional, the provinces were not bound to spend 
the funds on universities and colleges. The federal 
government, on the other hand, believes that the 
provinces are morally bound to dedicate the fiscal 
transfers to postsecondary education without any 
offsetting decrease in provincial grants to univer­
sities and colleges. These issues reflect a long­
standing debate over the provinces' wish for 
more fiscal autonomy and the federal govern­
ment's wish for more accountability in the 
spending of federal funds. 

A 1990 report prepared by James Cutt for the 
Institute for Research on Public Policy defined the 
issue of federal government funding for universi­
ties this way: 

More difficult economic times required more 
careful choice in the use of scarce resources, 
and, in the absence of persuasive evidence of 
the value provided by the funds allocated to 
universities, governments turned to a more 
detailed framework of direct control." 

The federal government, in Learning Well... 
Living Well, was more oblique in expressing its 
desire for more accountability: 

Investments in learning must be made in light 
of their long-term payoff to individuals, to 
companies and to society as a whole. Looking 
at spending on learning as an investment, 
rather than as an expenditure or a cost, 
changes the nature of some familiar discus­
sions. It changes some of the questions we ask 
about learning. 

For example, when looking at the amount of 
public funding going to education, the key 

question is shifted from "which sector is 
underfunded?" to "which sector is providing 
the most benefits for moneys invested."!" 

In February 1991, the federal government 
extended, from the previous budget, its freeze on 
EPF transfer payments. The deep and lingering 
economic recession may have accounted for the 
freeze, but sceptics and pragmatists alike believe 
the reason had little to do with the recession. One 
suggestion is accountability. Since the federal 
government spends about $11 billion a year on 
education and training in Canada, it wants more 
say on how its money is spent. A freeze puts pres­
sure on provincial governments and provides the 
opportunity for the federal government to assess 
whether it is getting value for its investment. 

Funding Options 

In July, the Association of Universities and 
Colleges of Canada released a discussion docu­
ment that examined options for funding univer­
sity education and research. The report recog­
nized that autonomy, whether for the universities 
and colleges or the provinces, does not imply a 
lack of accountability or responsiveness. In fact, 
the report stated: 

To be considered seriously by the current 
federal government, new arrangements would 
have to be consistent with its emerging com­
petitiveness/human resource development 
agenda, provide greater visibility and in­
creased accountability... and avoid federal 
commitments to open-ended and formula­
driven financing." 

The AUCC report stated that students and the 
private sector, as well as the federal and provin­
cial governments, should contribute to the oper­
ation of universities and colleges. In the case of 
student support, the report qualifies its recom­
mendation by stating that no student should be 
prevented from attending a postsecondary insti­
tution because of a lack of financial means. The 
report explored a number of direct-to-student 
funding mechanisms (e.g., vouchers, contingent 
repayment loans, and scholarships/bursaries) 
that would enable students to pay some portion 
of the cost of their education. 

Without a countervailing increase in provincial 
funding, the freeze of EPF transfer payments had 
immediate effects on several campuses across 
Canada. Many universities and colleges experi­
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enced overcrowding in classrooms, high student­
professor ratios, and greater demands on re­
sources such as computers, laboratory equipment, 
and library material. If this situation continues, 
and there is evidence that it will, there is concern 
that the quality of undergraduate and graduate 
programs will be compromised and so will 
Canada's ability to compete in a modem, global, 
economy. Over the last decade, the number of 
Canadian students enrolled in postsecondary 
education rose by 25 per cent, while real expendi­
tures per student have been dropping since 1977 
(with the exception of one year)." 

Quality ofUniversity Education 

In August 1990, the AUCC commissioned Stuart 
Smith, former chairman of the Science Council of 
Canada, to study the quality of university educa­
tion. In the first few pages of the report, released 
in October 1991, Smith stated that Canada's uni­
versity system is fundamentally healthy. Further­
more, he said that the economic squeeze felt by 
universities was being experienced by all sectors 
of the economy." The report did not call for 
massive funding increases to universities but 
rather for gradual increases until funding matches 
the levels in U'S. state universities. He also sug­
gested that tuition fees be increased gradually so 
that they cover 25 per cent of the university's 
operating costs. The report indicated that this 
latter action should not be taken until govern­
ments make student loans more widely available. 

A principal conclusion of the Smith report, that 
teaching is undervalued at universities, exposed 
an increasingly contentious issue within the 
university community, namely its teaching versus 
its research function. According to Smith, "Uni­
versities don't like to see themselves as teaching 
institutions. They think teaching institutions are 
community colleges and high schools.'?' 

Many factors have contributed to this situation, 
including changes in the structure of the federal 
government's university funding policies. The 
Smith report called for a new equilibrium be­
tween the teaching and the research function of 
universities. In order to redress this imbalance, 
the report suggested that each faculty member 
should be given the opportunity to choose 
whether performance would be evaluated pri­
marily on the basis of teaching or research. 

Enrolment ofEngineers and Scientists 

Although statistics indicate that the proportion of 
Canadians enrolled in universities is the second 
highest in the world." there are concerns about 
shortages in the labour market of certain profes­
sions, particularly in science, engineering, and 
technology. A number of reports have reiterated 
these concerns." According to the Ontario 
Premier's Council report, People and Skills in the 
New Global Economy: 

There have traditionally been two major 
sources of professionals and researchers in 
these fields: immigration and youth. During 
the 1960s, immigration supplied approxi­
mately half of the new engineers in Canada. 
By the mid-1980s, immigration was supplying 
less than a tenth of the new engineers." 

Current information on the national supply of, 
and global demand for, scientists and engineers 
suggests, however, that neither strategy (immi­
gration or youth) will be successful in meeting the 
growing demand in Canada. Other countries, 
including the United States, Sweden, Japan, and 
Britain are also forecasting shortages. This global 
shortage will likely result in increased competi­
tion for scientists and engineers. As for youth as a 
likely source to alleviate the bottleneck, enrolment 
in engineering and applied science has declined 
from 11 per cent of all university enrolments in 
1980 to about 9 per cent in 1989-90,and enrolment 
in mathematics and physical sciences has de­
clined to 5.5 per cent (1989-90) from a peak of 
8 per cent in 1984.25 The enrolment of women in 
math and physical sciences, however, is signifi­
cantly up and their degree attainment in these 
fields has also risen significantly since 1975 
(Table 1). 

At present, there is no long-range or coordi­
nated strategy to deal with the anticipated shor­
tage of scientists and other highly qualified per­
sonnel. There are some direct initiatives such as 
the funding of scholarship programs. Through 
the federal government's Canada Scholarships 
Program (announced in 1988),$80 million has 
been designated to support outstanding first-year 
students in science and engineering programs 
across the country. More funds for CSP were to be 
targeted as a result of the February 1991 budget. 
Indirect initiatives are mostly public awareness 
programs. The Council of Science and Technol­
ogy Ministers announced the National Science 
and Technology Action Plan in May, which in­
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eluded a program to enhance knowledge about, 
and interest in, scientific and technological careers 
among secondary school students. This program, 
Innovators in the Schools, joined other similar 
programs such as National Science and Technol­
ogy Week and Science Culture Canada. Industry, 
including such firms as Du Pont Canada and 
General Electric Canada, have also become in­
volved by contributing to the CSP and by partici­
pating in the Innovators in the Schools program-. 
Whether these types of programs will meet 
labour market needs is at best uncertain. 

Table 1. Women's Degree Affainment
 
by Field of Study
 

(Bachelor and FirstProfessional
 
University Degrees)
 

Percentage of total 
earned by women 

Field of study 1975 1989 

Household science 98.1 95.5 
Nursing 97.0 96.0 
Social work 68.2 77.9 
Pharmacy 50.9 68.0 
Physical sciences 16.1 23.0 
Medicine 24.5 45.0 
Engineering 1.8 11.5 

Source: Industry, Science and Technology Canada, Women 
ill Scienceand Engineering:Vol.1: Universities (Ottawa, 1991), 

39-40. 

There is some evidence to suggest, however, 
that the problem is more one of demand than 
supply. An industrial adjustment committee 
reported in July that the number of graduate 
chemists and chemical engineers working directly 
in their fields in 1988, two years after graduation 
(1986),was only 26 per cent and 17 per cent 
respectively." So where are the other 74 per cent 
and 83 per cent of the graduates and what are 
they doing? According to the report, many are 
using their training to work in related occupa­
tions, such as university or secondary school 
teaching, medicine, and so on. Including these 
occupations raises the proportion of chemistry 
graduates working in their field to 60 per cent. 
Sixty-two per cent of graduates in chemical 
engineering are employed in some form of 

engineering." The report did not examine why 
graduates entered related professions or whether 
a shortage of industry-related jobs was an issue. 
The Chairman of the Science Council of Canada, 
Janet Halliwell, commented: 

The assumption seems to be that Canadian 
demand for scientists and engineers will be 
that of an advanced industrial nation seized of 
the importance of innovation to economic 
strength and competitiveness. The evidence to 
the contrary is that the effective demand...is 
that of a semi-industrial nation." 

Although it is important to ensure that a 
nation's educational system trains a highly 
qualified labour force, this effort must be matched 
by the creation of industries that can demand and 
absorb the production of skilled personnel. 

Training 

Towards Services 

Over the last four or five decades the structure of 
the Canadian economy has changed enormously. 
Once based primarily on the production of goods 
(from the natural resource, manufacturing, and 
construction industries), it is now predominantly 
a service-producing economy based on transpor­
tation, communications, utilities, retail trade, and 
nonmarket services such as health, education, and 
social and public administration." Today, over 70 
per cent (up from 40 per cent in the 1940s) of 
Canada's workforce is employed in the service 
sector. Furthermore, the educational level of the 
workforce has risen with this shift and is expected 
to continue to rise over the next decade (Table 2). 

Table 2. The Educational Requirements
 
of Current Jobs in 1986
 

and of New Jobs in 1986-2000
 

Years of 1986 1986-2000 
education and Current jobs New jobs 
training (%) (%) 

17 or more years 23 49 
13 to 16 years 22 15 
12 years (high school) 10 3 
Less than 12 years 45 33 

Source: Ontario Premier's Council, People and Skills in the
 

New Global Economy (Toronto: Queen's Printer, 1990),8.
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Technological advances have also reshaped 
both the nature of Canada's economic engines 
and the make-up of the labour force. The implica­
tions of these changes have been widely studied 
by labour, industry, and provincial and federal 
government agencies including the Canadian 
Labour Market and Productivity Centre," the 
Canadian Manufacturers' Association." the 
Ontario Premier's Council." and the Economic 
Council of Canada." Their reports present 
evidence that illustrates the direct links between 
the level of educational attainment and income 
levels, the amount of training a person receives 
and labour productivity, and the degree of 
literacy and numeracy skills and employment 
opportunities. 

Training Imperative 

The GECD's Employment Outlook in July advo­
cated "staying the course" on the new labour 
market policies it proposed in 1990. These policies 
set out a number of long-term objectives that gave 
priority to active labour market measures includ­
ing training, placement, and rehabilitation pro­
grams for the unemployed; development of em­
ployment-related skills to avoid skill gaps; more 
effective matching of people to jobs; and encour­
aging active job searches. The report suggested 
that Canada's unemployment rate (high by hist­
oric and international standards) is in part the 
result of its inefficient unemployment insurance 
schemes, high minimum wages, and inadequate 
training programs. More generous insurance in 
high-unemployment provinces has reduced the 
incentive for the jobless to search for a job in 
another province (or another sector). The report 
also stated that increases in Canada's unemploy­
ment and unfilled job vacancies in recent years 
are indicative of structural unemployment 
problems. These problems arise when the skills 
that the unemployed possess are no longer useful 
in the evolving labour market. 

Better training has become a central compo­
nent of prescriptions for economic recovery and 
competitiveness. For instance, Cedric Ritchie, 
chairman of the Bank of Nova Scotia, has sug­
gested, "We need a national commitment to com­
petitiveness that begins on the shop floor and 
extends to the highest councils of business, labour 
and government."> 

Peter Larson, co-author of the Conference 
Board of Canada's report on training and devel­
opment, pointed to the need to spend more on 
training employees: 
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It really is becoming clear that companies 
stand or stumble largely on their human 
assets ....All this talk about "people are our 
most important asset" was for a long time 
vacuous. Now there is some evidence compa­
nies are beginning to believe it." 

William Waite, president of Siemens Electric 
Ltd. of Mississauga, says, "My problem is not the 
88-cent dollar; my problem is skilled labour."> 
Siemens, the German electronics firm, wants to 
quadruple its current workforce of 3000 people in 
Canada, but a shortage of skilled labour may 
curtail those plans. 

The fact that rhetoric has far outdistanced 
action on Canadian education and training issues 
was underlined by the Human Resource Devel­
opment Committee of the National Advisory 
Board on Science and Technology in its April 1991 
report Learning to Win: Education, Training and 
National Prosperity. This committee of NABST, 
which is chaired by the Prime Minister, noted that 
over the past 10 years there have been 40 reports 
containing 600 recommendations about Canadian 
education and training, but that these have had 
"only minor discernible effects."37 

Part of the answer must be that Canadians, 
although uneasy about the quality and rel­
evance of education, are reasonably satisfied 
with the status quo. Yet the Canadian economy 
has not paid its way since the mid-1970s, and 
among those who know or will admit this, 
education and training are identified as the 
principal tools with which to redress the 
situation. 

The only conclusion is that the message of 
economic crisis has not got out. Not nearly 
enough people understand (or want to under­
stand) its long-term implications. For years we 
have allowed constitutional, legal and political 
wrangling to dominate the news and absorb 
political energy, leaving the economy and the 
environment to fend for themselves." 

The NABST report acknowledged, however, 
that there are "massive problems of jurisdiction 
and entrenched self-interest" and that "deficit 
reduction must remain the overall first priority.'?" 
Funding, according to the report, will have to 
come from reallocating existing government 
expenditures and investments by the private 
sector. 
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Policy Initiatives 

The NABST conclusion - no new money for 
education and training - is consistent with the 
recommendation made in the 1989 report of the 
Advisory Council on Adjustment, the agency 
created by the federal government to examine the 
ramifications of the Canada-Ll.S. Free Trade 
Agreement. Its report indicated that Canada 
spends as much as Germany, Sweden, and Fin­
land, as a percentage of GDP, on labour markef 
programs, including income maintenance 
(unemployment insurance benefits) and employ­
ment promotion programs (e.g., Canadian Job 
Strategy)." The difference, however, is that 
co~:ries such as Japan, Sweden, Germany, and 
Bntam spend relatively more on employment 
promotion and less on income maintenance 
(Table 3). The report saw "little need to recom­
mend a dramatic increase in overall levels of 
moneys [for labour-market intervention]" and 
suggested a shift in emphasis towards employ­
ment promotion programs." Its other recommen­
dations in this area included doubling the amount 
alloc~ted to tr~ining programs and increasing the 
fundmg for skill-shortage and skill-investment 
programs. 

Table 3. Government Employment
 
Promotion and Income Maintenance
 

Expenditures as a Percentage of Total
 
Labour Market Expenditure, 1987
 

Employment Income 
promotion maintenance 
measures measures 

Sweden 70 30 
West Germany 42 58 
United States 29 71 
United Kingdom 35 65 
Finland 32 68 
Japan 29 71 
Canada 25 75 
France 24 76 
Australia 21 79 

Source: Advisory Council on Adjustment, Adjusting to Win 
(Ottawa: Supply and Services Canada, 1989),46. 

The federal government has responded to 
some ~f the su?gestions made by the Advisory 
Council on Adjustment by shifting its training 
focus over the past couple of years from passive 
unemployment insurance income support to 
entry-level skills training and cooperative educa­
tion. This shift was made principally through the 
Cana~ian Job Strategy programs and unemploy­
ment msurance reforms. In April 1989, Ottawa 
announced a new initiative (under the Canadian 
Job Strategy), the Labour Force Development 
Strategy, to support active training programs for 
youth. This initiative was broadened recently to 
include adults. 

In January 1991 the government announced a 
ne~ Canadian Labour Force Development Board, 
a nux of business, labour, education, and social 
action representatives. Co-chaired by Laurent 
Thibault (former chairman of the Canadian 
Manufacturers' Association) and Gerard 
Docquier (former national director of the United 
Steelworkers of America, Canadian Branch), the 
board is charged with advising and recommend­
ing on.more, better, and more accessible training. 
More importantly, the establishment of the 
CL~DB is an attempt to engage industry more 
actively and effectively in human resource de­
velopment. In Ontario, a similar initiative (the 
Ontario Training and Adjustment Board) was to 
be announced. 

In April, the Canadian Manufacturers' Asso­
cia~~n announced a Canada-wide management 
trammg program that will be marketed and sold 
to small and to medium-sized businesses. Unlike 
other training programs, which are brought in 
fr~m other countries, this program, Compete to 
Wm, was developed within Canada with the 
involvement of the private sector, government, 
the academic community, and union and non­
union employees. It was funded ($1.8million) by 
Employment and Immigration Canada. 

Too Many Free-Riders 

'!'he Econ~mic Council's 1991 report Employment 
in the Seroice Economy points out that only 31 per 
cent ?f private sector firms supported or directly 
provided formal training for their employees in 
1987 a~d notes that there is no evidence to sug­
gest this has changed since. Moreover, there is a 
strong disincentive to change because some firms 
who do not invest in training poach from firms 
that do - "free-riding," as the Council calls itY 
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Periods of economic recession also contribute 
to the problem of under-investment in human 
resources because companies are less likely to 
spend on training in hard times. Furthermore, 
training, when it takes place, is generally confined 
to industries whose employees already have a 
high level of educational attainment, leaving 
employees in other industries such as manufac­
turing, mining, fishing, and forestry in a training 
vacuum." 

A 1990 report by the Hudson Institute, Work­
force Literacy: An Economic Challenge for Canada, 
suggests that one of the principal causes of in­
adequate skills in the workforce is the absence of 
a strong tradition of training among Canadian 
businesses." Policy proposals, such as a training 
tax, have been suggested to eliminate the advan­
tages of free-riding and to create incentives to 
provide training. 

Beyond Job Skills 

An increase in task-specific job skills training is 
only one step in the process that confers competi­
tive advantage. Nan Stone, citing the findings of 
the Commission on the Skills of the American 
Workforce, revealed that: 

...researchers expected employers to report 
widespread skills shortages and that new jobs 
would require higher skills. Instead, they 
found limited skills shortages and a tiny 
minority of companies...that were concerned 
about their growing need for better educated 
workers.... The skills more than 80% of em­
ployers worried about were not academic but 
social- good work ethic, a pleasant 
demeanour, reliability." 

For M.J. Ryan, president of Ryka Blow Molds 
Ltd., Mississauga, the current approach to skills 
training lacks certain elements such as the devel­
opment of sound work habits, pride, awareness of 
change and the effect on the individual, and an 
understanding of the employer's position of com­
petition in a global market, as well as sound gen­
eric and technical skills." Generally, more atten­
tion needs to be devoted to the discussion of non­
skills-related training and education. 

Also affecting competitiveness are manage­
ment skills and employee-management relations. 
Although some industry representatives have 
heavily criticized the education and skill levels of 
Canadian employees compared to those of Jap­
anese or German workers, there is no evidence to 

suggest that Canadian workers would not be as 
productive under the right kind of management. 
In fact, says Charles McMillan, management 
professor at York University: 

The Japanese [in their Toyota plant in Alliston, 
Ontario] have taken Canadian workers and 
turned out products that are the equal of any­
thing in Japan. It proves that employee-man­

_agement relations are a fundamental issue." 

Michael Porter, the Harvard business professor 
hired to diagnose Canada's competitiveness, also 
pointed to the poor performance of Canadian 
managers as one of the factors contributing to 
Canada's poor economic performance." 

Towards National Standards 

To ensure that worker training is of the highest 
quality and that the acquired skills are portable 
from one province to another, national training 
standards were advocated last year by many task 
forces and committees." For its part the federal 
government, in proposing (as mentioned above) a 
constitutional amendment to place labour market 
training under exclusive provincial jurisdiction, 
also called for joint federal-provincial leadership 
in establishing skills standards.'? Whether the 
discussion on national standards can generate 
action over the next few years is uncertain, con­
sidering the issues raised in federal-provincial 
relations. 

Literacy 

Once considered a problem for developing 
countries, literacy now also concerns the devel­
oped countries, who have come to recognize its 
crucial role in economic growth and develop­
ment. The common assumption about illiteracy ­
that it is a problem for a few unemployed and 
marginalized youth - does not hold up in analy­
sis." The assumption was also refuted in the 
report of the Conference Board of Canada on the 
impact of employee illiteracy on Canadian busi­
nesses. Fully 70 per cent of the 626 companies 
surveyed by the Board indicated that they had a 
significant problem with functional illiteracy in 
some part of their organization.52 

The figure most often cited for functional 
illiteracy in Canada, 38 per cent, is derived from a 
1989 Statistics Canada survey of the "Literacy 
Skills Used in Daily Activities" by adult Canadi­
ans between the ages of 16 and 69 (Table 4). It 
represents the proportion of Canadians who have 
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reading limitations that potentially affect their 
daily and working life - not those who can 
neither read nor write their own name (the 
illiterate). The survey further indicated that 16 per 
cent of adults have reading skills too limited to 
deal with written material that they encounter 
every day, while 14 per cent have limited numer­
acy skills." The study also revealed that profi­
ciency in literacy and numeracy skills diminishes 
with age and increases with educational attain- ­
ment, and that literacy rates tend to decline 
steadily from west to east. These latter findings 
confirm the results of a 1987 survey on adult 
literacy conducted for Southam News. 

Table 4. Percentage ofCanadians 
Aged 16-69 Whose Reading Skills 

Meet Most Everyday Demands 
(Reading Level 4) 

Province % 

Saskatchewan 
Alberta 
British Columbia 
Manitoba 
Ontario 
Quebec 
Nova Scotia 
New Brunswick 
Newfoundland 

72 
71 
69 
65 
62 
57 
57 
56 
39 

The traditional response of industry to reports 
on literacy rates has been to blame schools for 
falling educational standards. However, improv­
ing schools will not address the literacy needs 
of the current labour force: about two-thirds of 
individuals who will be in the labour force in 
the year 2005 are already working. The OECD's 
report, The Literate Worker, suggests that, although 
there is strong support for fighting illiteracy, 
employers do not match their rhetoric with 
significant investment. While it is true that some 
companies such as SCRL Electric Ltee (Quebec), 
Budd Canada Inc. (Ontario), Fishery Products 
International Ltd. (Newfoundland), and BP 
Canada (Alberta) have invested in literacy 
training for their employees, many more have 
not. The Conference Board of Canada reported 
that only 24 per cent of the firms it surveyed had 
developed a systematic human resource policy or 
program to deal with the issue of workforce 
illiteracy. 56 

Illiteracy in the workforce is matched by a high 
rate of illiteracy among students. The Canadian 
Teachers' Federation and the federal govern­
ment's National Literacy Secretariat reported in 
October that 3 out of 10 students have some 
difficulty with reading, writing, and math." 
Poverty prevents many students from coming to 
school ready to learn, their study found. Teachers 
they surveyed identified poor home environ­
ments (poor nutrition, abuse), as well as learning 
disabilities and cultural and language differences, 
as factors contributing to the problem. Harvey 
Weiner, deputy secretary-general of the Canadian 
Teachers' Federation, disputes the notion that 
schools are not doing their job: 

The only way we're going to reduce the scope 
of the literacy problem is to recognize that it is 
a societal problem, which will only be resolved 
if we get all segments [of society] doing their 
share of the job." 

Where's theAction? 

In 1988 the federal government acknowledged 
that it had sat on the sidelines and left the issue of 
illiteracy to the efforts of the voluntary sector." 
Over the years, it has made funds available to 
provincial government and non-government 
agencies for the delivery of a variety of literacy 
programs. These programs, numbering in the 
thousands, have served an important function in 
society. Yet the need for literacy has evolved from 
being an element of social necessity to an element 

Source: Statistics Canada, Adult Literacy in Canada: Results 
ofa National Study, cat. no. 89-523E (Ottawa, 1991),27. 

A Costto Everyone 

For industry, functional illiteracy means lost 
productivity, literacy-related accidents and safety 
costs, and additional costs for basic remedial 
training. One estimate of the cost of functional 
illiteracy to industry is $4.2 billion a year." 

For Canadians in general, functional illiteracy 
places greater demands on social safety nets, 
which in tum lead to higher taxes to finance these 
programs. The Canadian Business Task Force on 
Literacy estimated that the cost of illiteracy to 
Canadian society exceeds $10 billion a year." 
Furthermore, illiteracy creates barriers to training 
that prevent individuals from participating in the 
rapidly changing labour market and from receiv­
ing the benefits of working in higher-paying jobs. 
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of economic necessity as welL The question then 
arises: Are current literacy training programs 
meeting the needs of present and future labour 
markets as well as social needs? The answer, 
according to the OECD report on literacy, is that 
very little research and analysis has been done on 
what kinds of remedial programs succeed in im­
proving adult literacy. Jean-Paul Hautecoeur, a 
literacy consultant, concurs with this assessment 
and suggests that more program-based research 
is required for literacy training programs if they 
are to be effective in achieving their objectives." 
In the meantime, experience so far suggests that 

basic skills may most effectively be acquired in 
the context in which they will be used - that is, 
where the purpose is to improve performance 
at work, literacy may most easily be acquired 
in programmes based in the workplace." 

In Learning Well. ..LivingWell the federal 
government suggested that a possible end-of­
decade target would be to cut the rate of adult 
illiteracy by half. Other than suggesting that 
everyone has a part to play in meeting this 
objective, the document offers no fiscal or policy 
changes to facilitate this action. What the federal 
government has done is to shift the National 
Literacy Secretariat from the auspices of the 
Secretary of State to the Ministry of Multi­
culturalism and Citizenship. No policy rationale 
was offered to explain the shift. 

The general lack of action by government and 
industry on improving literacy reflects the atti­
tudes most Canadians have about the issue. In a 
1990Decima poll conducted on behalf of ABC 
Canada, a non-profit organization established by 
the private sector to promote literacy, Canadians 
viewed illiteracy as more of a social problem (46 
per cent) than either an educational (26per cent) 
or an economic issue (10per cent)." The survey 
also revealed that most people think that public 
schools (31 per cent), federal (22per cent) and 
provincial (30per cent) governments, as well as 
the individuals themselves (50per cent), are most 
responsible for assisting adults with the problem 
of illiteracy. (Respondents could choose more 
than one response.) Only 13 per cent of respon­
dents thought employers had any role to play in 
literacy development. 

Conclusion 

It is too early to assess whether the findings of the 
various task forces, committees, and research 
surveys regarding the importance of education, 
training, and literacy for Canada's economic and 
social development have made a significant im­
pression on any sector of the Canadian economy. 
Perhaps what the NABSTcommittee found is still 
true: "the message of economic crisis has not got 
out." Michael Porter's report suggests that 
Canadian public indifference is a condition 
brought on by "paternalistic government policies, 
a history of market protection and accumulated 
attitudes and experiences of both individuals and 
businesses." The Economist of 29 June 1991 sug­
gested that Canadians' "fondness for govern­
ment" (to solve their problems) prevents substan­
tial change from occurring. 

To date, most of the federal government's 
initiatives to produce change in Canada's educa­
tion, training, and literacy policies have been 
oriented towards developing nationwide goals 
and abstractions such as "learning cultures" or 
public awareness programs. The underlying 
assumption directing these efforts is that a change 
in individual and collective attitudes will result in 
changes in individual and collective behaviour. 
There is not much evidence that these types of 
programs or strategies work. 

Neither is there evidence to suggest that 
Canada is any less equipped or trained to define 
and solve problems than any other country. The 
number of Canadians with postsecondary dip­
lomas and degrees rose from 21.6per cent in 1985 
to 25 per cent in 1989.63 Canada's enrolment rate 
in postsecondary education is the second highest 
of 17 OECD countries." The same World Competi­
tiveness Report cited earlier ranked Canada second 
in higher education enrolment, and fourth in 
secondary school attainment and quality of its 
labour force. Why, then, have the nation's indust­
ries and public institutions not harnessed these 
skills and knowledge and made more effective 
~se of this tremendous natural resource? Perhaps 
It has been for the same reasons that industry and 
government have failed to add value to Canada's 
other natural resources - its trees, fish, land, and 
water. Until some answers can be found to this 
fundamental question, the educational, training, 
or literacy solutions offered to revitalize Canada's 
economy will be viewed, at best, as tinkering. 
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2. Industria/Innovation and Techn%gy*
 

Globalization and Innovation 

Many Canadians would support the view of the 
Canadian Research Management Associa tion: 

The forging of R&D linkages to enhance 
industrial innovation is particularly important 
to Canada, given that its technological re­
sources are limited, and that its industries must 
employ technology if they are to remain 
competitive in the global marketplace.' 

It is a perspective shared by many readers of 
the Science Council's newsletter, In Touch: respon­
ses to a questionnaire included with the July 1991 
issue of In Touch revealed broad agreement that 
industrial innovation and technology are funda­
mental to economic revival. As one reader put it, 

Industrial t~chnology and innovation is a dis­
aster zone for Canada. If we fail to improve 
industrial technology and innovation, then all 
other issues become irrelevant, and so, alas, 
does the country. 

The challenges of globalization, competitive­
ness, structural change and adjustment, and the 
reconfiguration of the federation and its govern­
ing institutions will all have a profound impact on 
how the Canadian economy and society evolve. 
Advances in communications (particularly sat­
ellite technology, broad-band networks, and 
closely linked financial networks) as well as 
advances in transportation have permitted the 
building of powerful economic trading blocs. 
These are forcing companies to approach markets 
from a global perspective that is also sensitive to 
local customer needs. 

Increasingly, escalating costs are forcing firms 
to penetrate international markets. Domestic 
markets are no longer sufficient to generate the 
revenues needed to support high product­
development costs in areas such as microelectron­
ics, new materials, biotechnology, and pharma­
ceuticals. They are also not large enough for the 
traditional resource and goods-producing sectors. 
Numerous studies over the past several years 
have driven home the same fundamental point: to 
compete, Canadian firms must innovate. 

"This chapter describes the major events and directions 
in industrial innovation and technology in Canada 
in 1991, building on the themes of Part 2 of this report, 
"Competing through Innovation." 

To innovate, Canadian management must 
accept the new definition of competitiveness des­
cribed in Part 2 of this report. The challenge is not 
simply to invest more in R&D, but to improve 
management, quality control, marketing, and 
intelligence gathering as well as achieve a judi­
cious "bundling" of these. As Paul Cook, chief 
executive officer of Raychem, has put it, 

Every company is innovative or else it isn't 
successful. It's just a question of degree. The 
essence of innovation is discovering what your 
organization is uniquely good at - what special 
capabilities you possess - and taking advan­
tage of those capabilities to build products or 
deliver services that are better than anyone 
else's. Every company has unique strengths. 
Success comes from leveraging those strengths 
in the market.' 

In Canada, a consensus is emerging in busi­
ness, government, financial, labour, and academic 
circles that the lack of industrial innovation is 
retarding Canada's ability to adapt quickly to 
change. Analyses over the past year by the 
Science Council of Canada, Michael Porter, 
Richard Lipsey, Alan Rugman and Joseph 
D'Cruz, Coopers Lybrand, the Economic Council 
of Canada, the Canadian Labour Market and 
Productivity Centre, and others have all pointed 
to this deficiency. 

The Science Council's current examination of 
the technology strategies of leading sectors points 
to a series of lacunae in our industrial structure ­
deficiencies that account for much of Canada's 
relatively low spending on private sector R&D. 
Problems include the dependence on a resource­
based economy, the high proportion of small and 
medium-sized businesses, significant foreign 
ownership of our manufacturing economy, and 
the weak equipment and machinery industries. 
Some commentators see the absence of a large 
defence program as a further handicap to Cana­
dian industrial innovation, but the argument is 
weakened by similar circumstances in Japan and 
Germany. 

Another telling factor in Canada's poor in­
novation record is the general failure of manage­
ment in all respects. As Cedric Ritchie, chairman 
and chief executive officer of the Bank of Nova 
Scotia, points out, 
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The challenge is to instill habits of innovation, 
continuous product and process improvement, 
and the relentless upgrading of technology, 
even in the most basic resource industries. Ask 
yourself, for example, why we Canadians had 
to wait for the Norwegians to teach us how to 
farm salmon.' 

The availability of capital, particularly risk or 
venture capital, also poses problems for our 
innovative capabilities. Some argue that Canada's 
risk capital for technology-based start-ups is non­
existent. Others say there is plenty of money 
around - that what is lacking are good projects 
and an understanding by venture capitalists of 
technology-based projects.' 

Protection of intellectual property is clearly 
critical in a borderless world, where investments 
in R&D can sink or swim on the basis of how 
proprietary information is protected. The phar­
maceutical industry is a good example of how 
poor intellectual property guidelines have acted 
as barriers to investment in this country, and 
where, as some have argued, Canada is disadvan­
taged because its patent protection has been 
weaker than that of global competitors.' 

And, of course, there is the question of a skilled 
workforce. Interviewed in Ottawa on 8 July 1991, 
Robert Reich of Harvard University suggested, 

There are only two ways in which a govern­
ment can attract global capital to its country. 
One way is saying come here because it is so 
cheap to do business here....The other way of 
attracting global capital, global corporations to 
Canada...is saying come here because we have 
a first-class workforce and a first-class infra­
structure, and our human capital and infra­
structure combined with your know-how and 
financial capital will generate huge returns." 

Canada's natural resources sector, historically 
the country's major international trading asset, is 
experiencing decreasing profit margins. The real 
prices of Canada's export commodities have been 
gradually declining for at least the last 15 years as 
new competitors enter international markets and 
substitute materials are found. For example, the 
Canadian metals price index fell from 119.5 in 
1965 to 109.6 in 1990.7 

Traditionally, Canada has adopted and adapt­
ed technology developed elsewhere to extract 
natural resources. These resources were then ex­
ported with little value added. This approach to 
economic development was adequate for the 

times and a high level of productivity sustained a 
high-wage economy. However, the growth of 
Canadian productivity is declining. Annual 
productivity growth, which was 2.3 per cent 
between 1946 and 1973, fell to 0.9 per cent be­
tween 1973 and 1990. Hence, Canada's interna­
tional competitiveness has been faltering, and has 
declined particularly sharply vis-a-vis the United 
States. 

In the fall of 1991 the federal government 
began a consultative process by releasing the 
discussion paper Prosperity through Competitive­
ness. The government, through a private sector 
steering committee, has invited discussion on 
what it calls the five building blocks of Canadian 
competitiveness: learning and education, new 
technologies, finance and investment, a competi­
tive domestic market, and improved international 
trade. 

Canadians have been debating these issues for 
several decades now, and exercises such as this 
new one often evoke a certain cynicism and sense 
of deja vu in the private sector, which for the past 
two decades has been arguing for a stable eco­
nomic policy and coherent framework policies to 
create the environment necessary for wealth 
creation. In the meantime, the global context for 
competition has changed considerably. 

Private Sector Initiatives: Facing 
International Competition 

The Competitiveness Issue 

Canada's debate on international competitiveness 
took on new intensity and focus in 1991 with the 
publication of Michael Porter's Canada at the 
Crossroads: TheReality ofa New Competitive Enui­
ronmenti Porter argues for a new paradigm for 
economic development in Canada based on 
innovation. 

Interestingly, Porter identifies semiconductors 
and computers as upstream or commodity sectors 
(along with minerals and forestry) in the new 
world economy, because they are the "raw 
material" for advanced informatics and commu­
nications products. Of course, in Canada, while 
we have substantial surpluses in the traditional 
raw materials sectors, we have a deficit in semi­
conductors, one of the building blocks of value­
added industries in a new economy based 
increasingly on "grey matter" industries. 

By giving a commodity aspect to what are 
conventionally accepted as advanced sectors, 
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Porter clearly indicates the direction that indus­
trial innovation needs to take. A dedicated thrust 
to capture niches in "grey matter" sectors, such as 
telecommunications where Canada has strengths, 
would lead to a more balanced trade picture. 

Earlier in the year, Kodak Canada Inc. released 
a study on Canada's competitiveness prepared by 
Alan Rugman and Joseph D'Cruz of the Univer­
sity of Toronto," These authors argued that a full 
understanding of Canadian international com- ­
petitiveness requires analysis of the issues within 
a North American context, and not simply the 
domestic perspective offered by Porter. It is only 
through an understanding of the close industrial 
links between Canada and the United States, they 
said, that competitive conditions in Canada can 
be anpreciated. 

TheEconomist's 1991 "Survey of Canada" listed 
a number of factors that were perceived to affect 
Canada's competitiveness." These included high 
interest rates, high taxes, regulations, and 
interprovincial trade barriers. In particular, the 
survey emphasized the reluctance of Canadian 
firms to embrace new technology and to spend 
money on R&D; it also pointed to a general lack 
of inventiveness. 

Some of the issues pertaining to industrial 
innovation and competitiveness were picked up 
in other reports. For example, the Prime 
Minister's National Advisory Board on Science 
and Technology issued two reports, one on the 
financing of industrial innovation and the other 
on human resource development." 

The first report made the following recommen­
dations regarding the financing of industrial 
innovation: 

•	 a new capital gains exemption on eligible 
equities held for more than three years; 

•	 a modest levy on pension funds that fail to 
invest in small R&D-intensive enterprises or in 
risk capital groups that target technology 
ventures; 

•	 an industrial innovation risk-sharing fund of 
up to $1 billion managed at arm's length from 
government; 

•	 a $100 million matching fund that would top 
up venture equity investment secured by start­
up or early-stage technology enterprises; 

•	 an industrial innovation merchant bank to 
supply both equity and debt financing for 
technology-intensive firms. 
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Most of these recommendations have fallen on 
deaf ears. However, some dynamic and innova­
tive experiments have been initiated indepen­
dently in Quebec. For example, in March 1992 
Quebec plans to implement a new policy aimed at 
making the financial community more aware of 
the fact that firms must make long-term invest­
ments in training, new technology, and research. 
As a result of the policy, Quebec's chartered 
accountants will follow a new system to help 
small and medium-sized firms frame their long­
term goals. They will examine investments by 
SMEs in areas such as training and research and 
development, and include the information in the 
companies' financial statements. As a result, 
bankers and investors will have a more appropri­
ate explanation of any financial setbacks caused 
by such investments. Further, the Quebec govern­
ment is insisting that these new financial state­
ments, which incorporate long-term consider­
ations, be provided for any SMEs seeking loans 
from the public purse. 

The second NABST report focused on the need 
for life-long education and training, arguing that 
these are necessary if people are to possess the 
skills that will enable them to participate effec­
tively in the industrial innovation process. The 
government's Prosperity Initiative took up this 
argument in the discussion paper Learning 
WelL.Living Well. 12 The issue is a global one now 
being debated in most industrialized economies. 
As TheEconomist pointed out: 

Technologies pass rapidly from one company 
to another. Only that intangible, vital quality, 
the environment of active brains and produc­
tive skills in which companies operate, is non­
transferable. To change it, governments need 
to start at the school-gate." 

(We explore the education agenda further in the 
"Education, Training, and Literacy" chapter.) 

The views of the high technology community 
were captured in a 1991 pre-budget submission 
by the Canadian Advanced Technology Associa­
tion. That submission placed the promotion of 
competitiveness and structural adjustment as the 
first priority of government and proposed the 
following goal: 

Canada must shift a higher percentage of 
national investment into the production and 
marketing of advanced technology goods 
and services, into the production of higher 
value-added products in all sectors, into the 
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application and use of technology to build 
competitiveness, and into the development of 
human resource capability required to facilitate 
these shifts. 

Industrial R&D 

A key indicator of industrial innovation is indus­
try's commitment to R&D. Statistics Canada has 
estimated that the total corporate R&D outlay will 
increase by 5.9 per cent in 1991 to more than $5.2 
billion. This compares to a 5.6 per cent increase in 
1990 and a 2.7 per cent rise in 1989. As we note in 
the "Infrastructures" chapter, industry's expendi­
tures on R&D have risen dramatically since 1977, 
partly as a result of the introduction of industrial 
R&D support programs and tax incentives for 
R&D. There are now over 3300 companies 
performing R&D; 25 of these account for half of 
all industrial R&D in the country." 

The telecommunications sector is the largest 
performer of intramural R&D. It is followed by 
aerospace, engineering and scientific services, 
business machines, other electronics, computer 
and related services, electrical utilities, pharma­
ceuticals, other chemicals, and refined hydrocar­
bons. The first six sectors account for more than 
half of all intramural R&D expenditures. This 
concentration of R&D spending has not changed 
perceptibly since 1973.15 

Telecommunications R&D deserves special 
mention since it clearly outdistances that done by 
other technology-intensive sectors and accounts 
for the largest share (about 17 per cent) of Cana­
dian industrial R&D. Most of this R&D can be 
attributed to Northern Telecom Ltd., Canada's 
world-scale telecommunications company, which 
is pushing into new areas such as optoelectronics. 
Canadian telecommunications firms are also 
pursuing R&D in areas such as private branch ex­
changes, mobile communications, satellite com­
munications, data switching, transmission 
equipment, and microelectronics. 

Aerospace, the next most R&D-intensive sec­
tor, has a number of niche products including 
Canadair's executive and regional jets as well as 
CAE's flight simulators. David Race, chief execu­
tive officer of CAE, sees R&D as a necessity in this 
sector: "Without research and development, you 
don't get the quality, the products, or the prices 
you need in order to compete."!" In space-related 
R&D, Canadian companies are most active in 
communications satellites, remote-sensing satel­
lite systems, and space robotics. Recent prelimi­
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nary analyses of the balance of trade show that 
aerospace jumped from a deficit of $1.6 billion in 
1988 to a surplus of $975000 in 1990.17 

There has been a major increase in R&D 
spending by the pharmaceutical sector, largely 
due to the passage in 1987 of Bill C-22, which 
improved patent protection on new drugs. 
Amendments to the bill included the requirement 
that the Canadian pharmaceutical industry 
double its ratio of R&D to sales by the end of 1996 
(from 5 to 10 per cent). By 1990, this ratio had 
climbed to 8.8 per cent with total expenditures 
amounting to $281 million. While much of this 
went to applied research in industrial develop­
ment facilities, a significant amount went to basic 
research in universities and hospitals." 

R&D expenditures decreased in some areas, 
notably the electrical products and automotive 
sectors. In these and a number of other sectors, 
investments by Canadian business are well 
behind those of international competitors. As the 
results from the Science Council's sectoral tech­
nology strategy study indicate, much of the 
Canadian economy has chosen to compete on the 
basis of cost, rather than innovation and quality. 

Sectoral Strategies 

Sectoral strategies have become highly favoured 
levers for governments to promote and strength­
en industrial innovation. Quebec, for example, 
has announced an economic development 
strategy that focuses on 13 industrial clusters, all 
of which have a strong knowledge component. 
As Gerald Tremblay, Quebec's minister of 
Industry, Commerce and Technology argues, 

our collective success now rests on the rapid 
transition from an economy based on mass 
production to one based on value added 
[Translation].' 9 

The Science Council's sectoral technology 
strategy study (which examined 15 industrial 
sectors'") has attempted to go beyond simple 
macroeconomic output measures of innovation 
such as R&D expenditure as a percentage of gross 
domestic product. One of its conclusions is that 
R&D spending must be evaluated in the context 
of a firm's technology strategy, which in tum is 
closely linked to its business strategy. Because 
Canadian firms tend to compete on the basis of 
low-cost production of commodities, they also 
tend to favour adopt and adapt technology 
strategies and to concentrate on process R&D. 
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The sectoral study also points to a host of 
factors that influence the environment for innova­
tion and have a determining impact on the 
business strategy of a firm. These include tax and 
non-tax incentives, infrastructure for innovation, 
labour-management relations, education and 
training programs (which provide the highly 
skilled labour pool), a technology diffusion sys­
tem, marketing support, and technology adoption 
mechanisms. These mechanisms are important for 
a country that must rely on the rest of the world 
for about 98 per cent of its technology and has 
only just begun to adopt and integrate lean 
production techniques from abroad. 

An interesting example of lean production, 
combining traditional manufacturing technolo­
gies with advances in management science, is the 
wide field of advanced manufacturing technolo­
gies. The world market for ANIT is expected to 
expand to over $170 billion by the year 2000. 

A recent study of the uptake of these new tech­
nologies in Canada and the United States indi­
cated that they were being used to some degree in 
48 per cent of Canadian manufacturing establish­
ments; the most frequently used technologies 
were programmable controllers, computer-aided 

design and engineering, and numerically­
controlled/computer numerically-controlled 
machines (Figure 1). To date, Canadian firms 
have made little use of other advanced technolo­
gies being adopted by U'S. manufacturers­
technologies including artificial intelligence, 
expert systems, material-working lasers, and 
automated guided-vehicle systems." 

The federal government and some provinces 
have introduced measures to help correct this 
AMT weakness in Canada. For example, the $8.5 
million Advanced Manufacturing Technologies 
Applications Program run by Industry, Science 
and Technology Canada helps firms hire experts 
to deal with problems related to the acquisition of 
new technologies. The program has been well 
received and the government is exploring the 
potential for continuing the program. 

Quebec has been particularly active in promot­
ing the adoption of new technologies in small and 
medium-sized firms. In Quebec in 1988, new 
technologies were being adopted by 35 per cent of 
plastics firms, 70 per cent of electrical!electronics 
firms, and 42 per cent of firms in transportation 
materials. But there are problems, as the Quebec 
author of the GECD study on the subject notes: 

Figure J. Use ofTechnology in Canada and the United States, 
Percentages ofall Establishments 
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Source: Statistics Canada, Indicators of Science and Technology 1989: Survey of ManufacturingTechnology, 
cat. no. 88-002, 1 (4) (Ottawa: Minister of Supply and Services, 1991),39. 
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The problem is that many top executives of 
SMEs believe that buying new technologies is 
not worthwhile.... What they don't realize is 
that their competitors already own such new 
equipment [Translation]." 

Several private organizations are promoting 
AMT. The Canadian Manufacturers' Association, 
for example, has designed Can-Mate, a technol­
ogy exchange program that helps Canadian 
manufacturers access information on AMT. 
Related to this was the introduction in 1990 of the 
CMA's "Compete to Win" initiative, established 
to develop a state-of-the-art management training 
program that would give Canadian manufactur­
ing firms the skills they need to compete. Such 
moves will facilitate the introduction of new 
techologies; however, little progress is likely 
unless Canada attends also to the development of 
a literate, numerate workforce. 

Various industrial sectors, aided by the federal 
government, are developing strategies and organ­
izing themselves to face international competi­
tion. The following items are examples of recent 
initiatives: 

•	 VISION 2000, $30 million worth of cooperative 
R&D projects in personal communications, 
launched last year by an alliance of telecom­
munications companies; 

•	 a five-year initiative on the part of the software 
industry aimed at tripling Canada's base of 
software products companies with annual 
sales of over $10 million; 

•	 a microelectronics sector campaign centred on 
the newly created Strategic Microelectronics 
Consortium, which will manage cooperative 
technology development projects; 

•	 a memorandum of understanding between the 
pulp and paper industry and Industry, Science 
and Technology Canada to provide some $60 
million for R&D in pollution abatement; 

•	 the study phase of a possible sector campaign 
(with assistance from ISTC's Sector Campaign 
Program) in the area of medical devices. 

Strategic Alliances 

Strategic partnerships or alliances are increasingly 
being created by Canadian firms to meet the 
challenge of international competition. These 
alliances are either between domestic firms or 

between domestic and foreign firms, and may 
cover everything from marketing and distribution 
to R&D agreements. Some examples of recent 
alliances include: 

•	 Northern Telecom'slink to the U.K.'s Storage 
Technology Corporation in the area of opto­
electronic development; 

•	 a $25 million agreement between IAF BioChem 
Int-ernational of Montreal and Glaxo of the 
United Kingdom to develop an IAF product 
that will be used to treat AIDS; 

•	 a joint venture between Cascades Inc. of 
Quebec and Le Groupe Pinault of France in the 
area of newsprint technology; 

•	 an agreement between Canadian Foremost and 
AB Hagglunds and Soner of Sweden to jointly 
manufacture an amphibious vehicle in Canada 
for the North American market. 

An analysis of alliances struck by 35 Canadian 
firms in the electronics industry indicates that 
about half were for new product and process 
development." The geographic distribution of the 
alliances was as follows: Canada, 47 per cent; 
European Community, 18 per cent; United States, 
6 per cent; Japan or Korea, 6 per cent; mixed/ 
other, 23 per cent. Canada's biotechnology 
industry also engages extensively in strategic 
alliances; the new materials sector less SO.24 

Because small firms find it difficult to enter or 
even explore such arrangements, governments 
have introduced a number of measures to help 
them acquire the market intelligence required to 
form such alliances." Investment Canada, for 
example, has developed a range of vehicles to 
assist companies looking for partners, as well as 
to inform prospective foreign investors about the 
advantages of alliances. Kits have been developed 
that provide profiles of Canadian industrial and 
research capabilities in optoelectronics, waste­
water management, biotechnology, ocean tech­
nology, electronic technologies, artificial intelli­
gence, and advanced software. 

Risky Business 

Lacking the resources of established companies, 
nascent technology-based firms need financial 
support to reach a size that allows them to 
compete effectively. It is estimated that early­
stage technology-intensive firms need a dollar of 
working capital for each dollar of sales. 
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Table 1. Venture Capital Financing ofTechnology Companies,
 
Selected Countries, 1989
 

Average Average Average 
Number Investment! Financinge 

of Investors ($ thousands) ($ thousands) 

1989 
United States 3.08 699 2157 
United Kingdom 1.37 919 1263 
France 1.58 634 1005 
Canada 1.10 599 657 

1985 
Canada 1.33 661 886 
% Change 1985-1989 (17%) (9%) (25%) 

1 Amount invested by one venture investor in a particular round of financing. 
2 Total amount invested in a particular round of financing. 
Source: Mary Macdonald, Creating Threshold Technology Companies in Canada: The Rolefor Venture Capital, discussion paper 
(Ottawa: Science Council of Canada, 1991), 18. 

Venture capital is a major source of financing 
for such firms. Yet the availability of venture 
capital for technology-intensive ventures has been 
deteriorating (Table I), leaving Canadian compa­
nies with small infusions of capital and less 
venture capital support while foreign competitors 
are accessing significantly larger amounts from 
several venture sources. 

The fact that knowledge-based companies, 
such as those in biotechnology, materials, and 
informatics, have had difficulty with financing is 
an indication that the Canadian financial commu­
nity, particularly the banks, has not adjusted to 
the fact that computers and germ plasms are just 
as much commodities as are wheat and nickel. 
The venture capital community, for its part, ar­
gues that the shortage of venture funds is due to a 
lack of confidence in technology entrepreneurs. 
This situation has an adverse effect on the leading 
edge of industrial innovation in Canada. As a 
consequence, several analysts have argued that 
the focus in Canada should be more on people 
than on financing. A Science Council discussion 
paper has proposed a three-R approach - retain 
our most experienced managers and our corpo­
rate clout; recruit experienced entrepreneurial 
managers and strategic corporate partners; and 
return Canadian-bred talent that has moved 
away. Developing such a strategy would "allow 
the Canadian venture capital industry to achieve 

the critical mass it needs to play an effective role 
in supporting the development of successful 
Canadian technology companies. "26 

Biotechnology companies have found it parti­
cularly difficult to attract capital over the past few 
years. The National Biotechnology Advisory 
Committee has pointed out this critical concern, 
noting"a lack of equity financing in Canada to 
support new businesses and the significant cost of 
taking new technologies and new products 
through to market.'?" Major problems exist in the 
seed and mezzanine financing of newly estab­
lished biotechnology firms, but, although private 
capital has been difficult to find (thus contributing 
to the takeover of some of Canada's flagship bio­
technology concerns, such as Connaught Labora­
tories Ltd.), innovative private-public financing 
sources have been created to deal with the short­
fall. An example is the creation in 1990 of Bio­
capital, a venture fund for start-up firms in areas 
such as pharmaceuticals, environmental technol­
ogy, and agricultural developments. The fund, 
managed by the Fonds de Solidarite (on behalf of 
Quebec's labour unions) along with British and 
Belgian partners, has invested approximately 
$3 million in five firms to date. 

There are signs that equity for some biotech­
nology firms is improving. Allelix Biopharma­
ceuticals has gone public (on the tail of one of the 
most successful years ever for public share 
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offerings on Wall Street: biotechnology firms 
alone raised $2 billion), and IAF Biochem and 
Biomira have witnessed significant gains in the 
value of their equity." 

On balance, however, there are disturbing 
signs that private sector venture capital groups 
have been steadily reducing their support for 
Canadian technology companies. Canadian bio­
technology venture funds, for example, are 
severely undercapitalized compared to US. bio­
technology venture funds; average investment in 
early-stage biotechnology companies in 1989 
amounted to $588 000 in Canada and $2.4 million 
in the United States (Figure 2). 

Besides the public-private financing initiatives 
mentioned above, another innovative mechanism 
for raising capital investments in technology­
based firms is the tax shelter, a mechanism well 
developed in Quebec. Not only have a number of 
instruments been developed to enhance the SME 
technology base in the province, but innovative 

schemes have been promoted to finance promis­
ing university research and affiliated hospital 
research. Several Quebec universities were suc­
cessful in raising equity in this fashion, notably 
McGill University's Martlett Investment Inc., 
which assembled over $90 million for 25 R&D 
projects through a two-phased offering. Although 
Quebec's tax shelter plan has since been modified, 
it remains a highly innovative method of encour­
aging synergy between industry and universities 
and greater participation by citizens in R&D­
based initiatives." 

Government Initiatives: Supporling 
Industrial Innovation 

Federal Level 

Procurement: Government procurement of major 
goods and services can serve as a significant 
stimulus to innovation. Indeed, Canadian govern­
ments generally endorse the principle of fostering 

Figure 2. Average Funding ($ thousands) for Early-Stage Technology Companies, 
Canada and the United States, 1989 
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Source: Mary Macdonald, Creating ThresholdTechnology Companies in Canada: The Rolefor Venture Capital, discussion 
paper (Ottawa: Science Council of Canada, 1991),21. 
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the development of world-class Canadian tech­
nology-based products through procurement pro­
grams such as the Canadian Annual Procurement 
Strategy (which determines the long-range capital 
acquisition plans of major government depart­
ments) and the Defence Industry Research 
Program (which strengthens the research and 
technological capability of the Canadian defence 
industry). 

Governments also use procurement to pro­
mote supplier development linkages between 
large firms and small and medium-sized busi­
nesses. The informatics area is an example. Most 
of the firms selling information technology 
products and services in Canada are foreign­
owned. Government procurement is used to 
encourage these firms to do more development 
and manufacturing in Canada and to export more 
from Canada. Firms can obtain a "rationalized" 
status vis-a-vis government procurement by 
meeting requirements to undertake world­
product mandates and to assist in the develop­
ment of an information technology infrastructure 
in Canada (e.g., supplier development and 
university research). An example of the impact of 
this policy is the fact that Hewlett-Packard 
(Canada) Ltd. of Mississauga has agreed to spend 
$120 million on R&D and manufacturing tech­
nologies to support some $600 million of antici­
pated sales and exports over the next five years. 

At the beginning of 1992, the federal govern­
ment announced it would re-introduce its 
Unsolicited Proposals Program in a slightly 
modified form. Despite its immense popularity 
with the private sector, the UP Program was 
cancelled in 1989.The modified program, the 
Science and Technology Procurement Brokerage 
Service, builds on the same philosophy as its 
predecessor: it is procurement-driven with a 
"demonstrated first user" requirement - that is, 
the Crown acts as a demonstrator for the innova­
tion so that it can be picked up by other potential 
buyers. In a significant shift from previous policy, 
the intellectual property right goes to the contrac­
tors in most cases. To complement this new pro­
gram, the federal government also announced a 
$20 million Environmental Innovation Program, 
which stimulates procurement in environmental 
technologies. The program offers contracts to 
industry, universities, aboriginal groups, nongov­
ernmental organizations, and individuals 
provided that the proposals accord with Green 
Plan objectives. 

Spectrum Allocation: Regulations, like procure­
ment, can be used to stimulate innovation. The 
Department of Communications ([x)c)has 
begun exploring how to use its spectrum licens­
ing authority to increase incremental R&D in the 
communications sector. Cantel, for example, in its 
1985 bid for its cellular licence promised an indus­
trial benefits package that included a commitment 
to re-invest 2 per cent of its revenues in R&D. As 
well, Cantel's package included a pledge by its 
principal equipment supplier, Ericsson Commu­
nications, to initiate value-added services in 
Canada. Since 1985, Ericsson has expanded its 
R&D staff to about 200. When [X)C renewed 
Cantel's licence in June 1990, the firm extended its 
commitment to invest 2 per cent of revenue in 
R&D with the understanding that other firms 
would be under the same obligation. OOC is 
currently developing a policy that will establish 
criteria of R&D commitments as a condition of 
licence. 

Large-Scale Projects: Over the years, Canada has 
often used large-scale ventures to drive ec;onomic 
development and technological innovation, with 
mixed results ranging from the Avro Arrow to 
the Bras d'Or hydrofoil, Manic, and Alouette. A 
1991 analysis of 79 post-war projects in energy, 
defence, communications, and transportation 
underscores the role of the public sector as a signi­
ficant supplier of technology (Table 2). 

Two other projects offer important technologi­
cal opportunities for Canada. One is the develop­
ment of a country-wide high-speed communica­
tions network for R&D and education. Promoted 
by Industry, Science and Technology Canada, this 
$60 million, five-year project will involve public 
and private sector partners in the implementation 
and operation of a 1.5 megabit/second network. 
This will be a major upgrade from the current 56 
kilobit/ second technology. The incremental net 
present value of the new network is estimated 
to be $1.5 billion, including $810 million from 
productivity gains and $695 million from the 
provision of an environment for technological 
development and innovation. 

The second project is the high-speed train. 
Following the initial feasibility study released in 
June 1991, the federal government agreed to team 
up with Ontario and Quebec to do a detailed 
evaluation of developing a high-speed train 
(300 kilometres/hour) to operate in the Quebec­
Windsor corridor. In a related activity, l'Ecole 
Poly technique of Montreal has taken the lead in 
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Table 2. Characteristics of the 10 Projects
with the Highest Investment Levels 

Cost 
Project Sector Princi pal actor 1988 $ millions 

La Grande hydro public/private 15300 
Darlington nuclear public 12500 
Manic Outards hydro public/private 8500 
CF-18 aircraft public/private 6400 
Frigates defence public/private 6200 
Bruce B nuclear public 5900 
Pickering B nuclear public 4400 
Peace River hydro public 4000 
Sync rude oil sands public/private 3800 
Digital World communications private 3500 

Source: Philippe Faucher and Kevin Fitzgibbons, Public Demand and the Management of Technological Risk in Large-Scale 
Projects (Montreal: Universite du Quebec aMontreal, 1991), 12. 

exploring the establishment of a North American 
centre of excellence in high-speed rail, which 
would link the industrial development infrastruc­
ture of Canadian and US. research institutions 
and industry. 

Retooling Industrial R&D Support: Over the past 
year or so, some important changes have been 
made to the federal portfolio of support prgrams. 
For example, technology diffusion programs have 
been developed to improve the availability of 
information and technical support for Canadian 
firms. Innovative initiatives in this area include 
the Technology Transfer Information Service 
(operated by the Canadian Industrial Innovation 
Centre at Waterloo to tap international technol­
ogy for Canadian needs) and the Manufacturing 
Visits Program (designed to help Canadian 
industry improve its international competitive­
ness through visits to role model firms in different 
sectors). 

There have also been revisions to some long­
standing and successful industrial support 
programs such as the Industrial Research Assis­
tance Program. In 1991 IRAP was the focus of a 
controversial restructuring by its manager, the 
National Research Council. Following the release 
of a new strategic plan for IRAP, a number of 
users criticized proposals to reduce the number of 
existing IRAP elements and encourage greater 
decentralization. The Parliamentary Committee 
on Industry, Science and Technology, Regional 
and Northern Development waded into the fray 
with an inquiry into the proposed changes and 

58 

offered some recommendations (similar to those 
of an industrial advisory group, which had been 
appointed and then disbanded by the NRC) on 
the future of IRAP. For example, the federal 
government should increase its funding of IRAP 
and re-examine the appropriateness of keeping 
IRAP within the NRC; the NRC should justify the 
increased decentralization and alteration of the 
IRAP elements and re-establish the IRAP Advi­
sory Board." In the current context of fiscal 
restraint and public accountability, it is clear that 
such industrial support programs will continue to 
receive more attention as the federal government 
reconfigures support for industrial innovation to 
better reflect new priorities. 

Provincial Level 

At one time or another all provincial governments 
have developed explicit S&T and industrial strate­
gies and experimented with a range of instru­
ments for promoting technology development. A 
Nova Scotia economic strategy outlined in Nov­
ember is one such example. As the strategy states: 

If Nova Scotia companies are to succeed in the 
global marketplace, they cannot simply hope 
that they will somehow gain access to world­
leading technologies by osmosis. The province 
must have its own commercially oriented 
science and technology infrastructure to 
develop, adopt, improve and customize the 
technology we need." 
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British Columbia, which introduced a science 
and technology policy in 1987, has a wide range 
of measures to strengthen and encourage indus­
trial innovation, including: 

•	 SPARK (Strategic Planning for Applied
 
Research and Knowledge), a joint private­

public sector process involving examinations
 
of a series of industrial sectors strategic to the
 
provincial economy;
 

•	 a five-year $420 million Science and Technol­
ogy Fund announced in 1990 as a source of 
investment for companies and institutions 
involved in applied research, development, 
and the commercialization of technology; 

•	 the British Columbia Research Corporation, a 
$12 million operation that helps firms develop 
and apply science and technology for eco­
nomic growth. 

Other initiatives would be too numerous to 
mention, but it is clear that, compared with the 
federal government, provincial governments tend 
to be more targeted and selective in supporting 
industrial innovation. To highlight some features 
of the provincial approach to innovation, we des­
cribe certain initiatives in Ontario and Quebec, 
provinces that aceount for over 65 per cent of total 
provincial investment in R&D. 

Ontario's principal vehicle for stimulating 
industrial innovation is the Industrial Research 
Program (IRP) component of the province's 
$1 billion 10-year Technology Fund announced in 
1987.The announcement of this fund emerged 
from the work of the Premier's Council on Science 
and Technology (now the Premier's Council on 
Economic Renewal), an advisory board designed 
to assist in the development of long-term strate­
gies for the economic development of Ontario. 

In 1989, after an initial round of funding 
industrial R&D projects, a moratorium was 
placed on new applications. That moratorium 
was lifted in 1990, and in May 1991 three new 
projects were announced: 

•	 a $14 million project in aircraft control systems. 
Participants include Menasco Aerospace Ltd, 
Canadian Marconi Company, the universities 
of Toronto and Waterloo, and Ortech Interna­
tional; 

•	 an $11 million project in 3-D imaging involving 
IMAX Systems Corp., Litton Systems of 

Canada Ltd., C&V Engineering, Sonics Associ­
ates Inc., the NRC, and the universities of 
Ottawa, Toronto, and Waterloo; 

•	 a $7 million project in mobile robots that in­
cludes PRECARN Associates, Ontario Hydro, 
Atomic Energy of Canada Ltd., the universities 
of Toronto and York, and the NRC. 

Apparently, the first IRP-sponsored projects 
are beginning to bear fruit. As of 31 March 1991 
some $30 million in revenue could be attributed 
to specific projects. 

In 1989, Quebec announced its $350 million 
Technology Development Fund. In its May 1991 
budget, the Quebec government allocated $20 
million of the TDF to assist small and medium­
sized firms. Also announced in 1991 was $32 
million over five years to promote alliances 
between industry and university researchers. 

TDF, like the federal government's $1.3 billion 
InnovAction program announced in 1987, the 
British Columbia Science and Technology Fund, 
and Ontario's Technology Fund, was designed as 
a major platform around which S&T and innova­
tion could be mobilized for strategic objectives. It 
supports projects that aim to adopt, adapt, and 
develop new technologies or processes through 
industrial collaboration with academic and para­
public research establishments (see Box 1 for 
examples)." The Quebec fund is also being used 
to finance the province's contribution to Radarsat 
and the Institute for Magnesium Technology in 
Quebec. In addition, TDF includes a special 
component for environmental projects. 

Another major announcement in Quebec's 
May budget was a two-year $200 million Indus­
trial Development Fund geared to advanced­
technology sectors such as transportation equip­
ment, plastics processing, aeronautics and aero­
space, pharmaceuticals and biotechnology, and 
electronic products. More recently, there came the 
announcement in December 1991 of a major 
industrial development strategy for Quebec that 
placed a premium on upgrading the knowledge­
intensive "industrial clusters" in the province. 
The release of this strategy prompted Michael 
Porter (having just completed his examination of 
Canada's competitiveness) to voice his support 
for the approach. The impact and progress of this 
model in changing the traditional mindset will be 
closely followed. 
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Box 1. Selectecl Projects Supported by the Quebec 
Technology Development Fund 

Total cost, $39 millionElectronic Printing 

XMXCorp. 
Unikunz Canada 
Ecole Polytechnique 
Centre de recherche iitdustrielle du Quebec (CRIQ) 

Industry leader: 
Industry partner: 
Research agencies: 

Total cost, $28.8 millionPROGERT (Forest Engineering Geomatics) 

SNC Group Inc. 

Bureau des consultants en gestion du territoire (BCGT)Inc. 
ComputertimeNetwork Corp. 
Hauts-MontsGroup Inc. 
IBM Canada Ltd. 
Innotech Aviation Ltd. 
Intera Information Technologies Corp. 
PCI Inc. 
Poulin Theriault Inc. 
Spar Aerospace Ltd. 

Canada Centre for Remote Sensing 
Centre d'enseignement et de recherche en forestrie de 

Ste-Foy 
Centre de forestrie des Laurentides 
Centre de geomatique (Universite Laval) 
Centre de geomatique appliquee (Limoilou College) 
INRS-Eau (water) 
Universite de Sherbrooke (CARTEL) 

Daishowa Inc. 
Domtar Inc. 
Donohue Inc. 
Kruger Inc. 
Ministry of Energy and Resources 
Ministry of Forests 
Stone-Consolidated Inc. 

Industry leader: 

Industry partners: 

Research agencies: 

Technological partners: 

Total cost, $11.8 millionTelerobotics Development Systems 

MPB Technologies Inc. 
CAE Electronics Ltd. 
Hydro-Quebec 
PRECARN Associates Inc. 

Canadian Institute for Advanced Research 
McGill U~versity 

. 
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International Initiatives 

Since...the scope for action by individual host 
countries has become rather limited, the need 
for coordinated multilateral action by all 
concerned - host countries, home countries, 
international institutions and transnational 
corporations - is all the more important. 

- UN World Investment Report 199133 

,On a global scale, corporate activity is enor­
mous in areas such as patents, licensing, strategic 
alliances, marketing ventures, and distributor­
ships. Its extent is heavily influenced by (1) link­
ages among countries through trade flows, 
finance, direct investment, and technology, and 
(2) interrelationships among major influences on 
the world economic system (e.g., global debt, 
exchange rates, and the effects of national policies 
on other countries)." Corporate strategists must 
carefully track this dynamic in order to take 
advantage of global opportunities. 

For instance, large Japanese firms have in­
creased their overseas R&D facilities to meet local 
needs, upgrade existing production facilities, 
search for the seeds of new technologies, and 
utilize highly qualified R&D staff." Northern 
Telecom's 1991 announcement of a 20-researcher 
R&D facility in Japan is an example of a Cana­
dian-based firm undertaking global corporate 
activity for similar strategic reasons. The Business 
Council on National Issues placed the matter in 
perspective: "The importance of Japan now 
means that, in effect, a firm with no Japan strategy 
cannot realistically aspire to a world strategy."36 

But companies are not the only entities going 
global. In many instances, they are receiving 
support from governments who themselves are 
upgrading intelligence services around the globe. 
The competitive success of companies is in part 
due to the effectiveness of these services and the 
ability of home governments to develop strong 
foreign relations and trade policies that recognize 
the critical importance of technology. 

It should also be noted that governments often 
playa key role in supporting international bus­
iness deals such as Canada's November trade 
mission to Korea to promote CANDU sales, or the 
space industry delegation to Japan to promote 
business opportunities with Asian partners. 

The focus of international scientific, technologi­
cal, and industrial cooperation has traditionally 
been at the federal level. However, in recent years 
the provinces have begun to strike their own 
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international agreements. The provinces spend 
more than $100 million annually to maintain 57 
independent trade offices in 25 countries. 

Much of the activity in these offices concerns 
technology-based agreements, as the following 
examples indicate: 

•	 Quebec has signed Memoranda of Under­
standing with France and with both Flanders 
and Wallonia (regions of Belgium) to promote 
bilateral technological and industrial 
cooperation; 

•	 Ontario has signed MOUs with the so-called 
"Four Motors of Europe" - the regions of 
Rhone-Alpes in France, Lombardy in Italy, 
Baden-Wiirttemberg in Germany, and 
Catalonia in Spain (and is negotiating an 
additional agreement with Wales) - to promote 
close ties in a number of areas including 
technology transfer and industrial cooperation. 
In one project, "Telepresence," Ontario has 
taken the lead in developing an interactive 
computer-video work station for collaborative 
work over long distances (i.e., among the four 
regions and Ontario); 

•	 the Alberta Technology Research and Telecom­
munications Department has signed agree­
ments with Flanders and Wallonia on bilateral 
S&T cooperation; 

•	 British Columbia is negotiating an agreement 
with the state of Saxony in Germany; 

•	 Newfoundland and Labrador signed an MOU 
in 1989 with Norway's Ministry of Petroleum 
and Energy to promote technology transfer, 
industrial cooperation, and training. 

The provincial research organizations in 
several provinces have followed the lead of their 
provincial governments and developed their own 
international networks. In the last 12 months or 
so, the following arrangements were signed: 

•	 the Centre de recherche industrielle du Quebec 
has signed agreements with counterparts in 
Austria and Italy; 

•	 Ortech International of Ontario has established 
ties with the Fraunhofer Institutes in Germany, 
the Production Engineering Research Associa­
tion and the Electrical Research Association in 
the United Kingdom, Bertin in France, and 
Eniricerche in Italy; 
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•	 the Alberta Research Council has signed 
agreements with Eniricerche, the Institute of 
Technology in Denmark, and the Flanders 
Centre for Technological Innovation. 

A web of provincial-level international rela­
tionships is emerging that will obviously pose 
some questions for the federal level of activity. 
Quebec's 1991 white paper on international 
relations devotes an entire chapter to the role of 
S&T.37 This policy aims to increase technological 
cooperation with industrialized countries in stra­
tegic sectors; augment the international dimen­
sion of Quebec's domestic S&T programs; and 
ensure harmonization with the federal govern­
ment's initiatives in international S&T projects. 
Other provincial governments interested in posi­
tioning themselves better in the international 
technology market would do well to examine 
the Quebec model more closely. 

Municipal Level 

There is increased awareness at the municipal 
level that local communities could have an 
important role to play in the industrial innovation 
process. Some of this new awareness stems from 
Science Council activity (jointly with the Cana­
dian Advanced Technology Association and the 
Canadian Chamber of Commerce) at the commu­
nity level in the last two years." 

While some communities have organizations 
to stimulate technology-intensive development 
(e.g., the Ottawa-Carleton Research Institute), 
major local initiatives have only begun to emerge. 
The region of Hamilton-Wentworth has an­
nounced the creation of the Greater Hamilton 
Technology Enterprise Centre, which will provide 
a "one window" approach to the creation of new 
ventures in technology-intensive areas such as 
advanced industrial materials, robotics-based 
manufacturing of auto parts, and medical devices. 
The Windsor-Essex region last year established its 
Prosperity 2000 program and was working 
towards a technology council on the Ottawa­
Carleton model. 

Municipalities are also emerging on the inter­
national scene. The traditional international 
"twinnings" of municipalities, which was done 
for political and cultural reasons, are increasingly 
being supplemented by arrangements that 
encourage industrial cooperation. For example, 
the arrangement between Ottawa and The Hague 

resulted in advanced technology joint ventures. 
Windsor and Saint-Etienne, France, will take 
turns hosting an annual trade show to encourage 
industrial cooperation in plastic moulding. 

Conclusion 
The policy issues surrounding industrial innova­
tion in Canada have been discussed for at least 
the last 25 years. However, it is only recently that 
these issues have been cast within the broader 
economic context of international competitive­
ness. And 1991 can be said to be the year that 
international competitiveness entered the Cana­
dian lexicon. 

A 1991 Angus Reid poll shows that many 
Canadian business people tend to view global 
challenges from a limited perspective. Companies 
see government regulation, lack of venture capi­
tal, and their subcritical size relative to interna­
tional competitors as their greatest weaknesses. 
With regard to technology, however, many firms 
see the future a little more optimistically. The 
private sector has increased its R&D expendi­
tures, particularly in technology-intensive sectors, 
and has initiated a number of interfirm coopera­
tive activities (e.g., sectoral strategies and domes­
tic and international alliances). However, the 
Conference Board's R&D Outlook 1992 indicates 
that, despite some increase in R&D alliances, 
"more outgoing and risk-taking attitudes are 
required from Canadian firms to forge more 
strategic technology partnerships in the future.":" 
Corporate strategies must be geared to improving 
the competitiveness of firms in the face of 
globalization. Needed is a marketing focus aimed 
at developing the products to access international 
markets at a time when technology-intensive 
trade is becoming an ever larger fraction of total 
international trade. 

Governments for their part have put in place 
supporting policies and programs. The federal 
government has found ways to stimulate indus­
trial innovation while having to live within 
budgetary constraints. For example, it developed 
an innovative procurement policy for information 
technologies that seeks an increased commitment 
from firms to do more R&D and manufacturing 
in Canada. 

At the provincial level, the two provinces in 
the industrial heartland, Ontario and Quebec, are 
stimulating industrial innovation through tech­
nology development programs and other levers 
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such as procurement. Other provincial govern­
ments (e.g., Nova Scotia, Alberta, and British 
Columbia) are developing stronger partnerships 
with the private sector, and are attempting to 
diversify their economic base. Moreover, the 
provinces are becoming more involved in estab­
lishing international agreements in technological 
and industrial cooperation. This type of activity 
should be expected to increase as the federal gov­
ernment transfers more responsibilities to the 
provinces. The federal government's constitu­
tional proposals will clearly affect the economic 
union, and to the extent that they reflect the co­
herence of policies in support of industrial inno­
vation, Canada will face some major challenges. 

The municipalities are also increasing their 
interest in technology and industrial innovation 
to create jobs and improve their tax bases. New 
arrangements to facilitate the establishment of 
new infrastructure are being put in place. Munici­
palities are also developing international market 
and technology intelligence networks that tie their 
regions to others in Europe and elsewhere. 

Globalization is forcing a critical debate on the 
issue of international competitiveness. This in 
tum is leading the private sector and all levels of 
government to investigate seriously how they can 
contribute to maintaining economic prosperity 
through industrial innovation. 

The transformation of the international econ­
omy has profound implications for Canada. Our 
international trade has been based on the large 
trade surpluses provided by the export of raw 
materials. However, with the price of commodi­
ties decreasing and with new players (i.e., devel­
oping countries) exporting commodities, Canada 
has little choice but to move towards a value­
added economy if Canadians are to retain a high 
standard of living. Trade surpluses will have to be 
generated in more sectors. 

However, Canadians should realize that they 
are not starting from scratch in developing 
knowledge-based or "grey matter" industries. 
There are major strengths in telecommunications, 
aerospace, and software as well as specific 
strengths in several niches (e.g., cable television 
and electric power). Moreover, there is a well­
developed publicly funded R&D infrastructure 
on which to build; one that is gradually being re­
tooled to deal with the new approaches required 
to confront global competition. 

Living next to the United States, Canadians 
often feel that they are in a technological catch-up 
situation and, as a result, tend to downplay their 
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strengths. However, Canadian technology 
strengths are well recognized in Europe (itself in a 
technological catch-up situation vis-a-vis North 
America and Japan). For example, Northern 
Telecom is currently deploying its digital switch­
ing technology in Austria, a country with long­
standing ties with Eastern Europe. Videotron of 
Montreal is seizing the opportunity to "cable-up" 
Europe. 

The environment for industrial innovation will 
greatly be affected by moves towards a North 
American free trade arrangement. Just as some 
Canadian companies have positioned themselves 
to deal with the new Europe of 1993, others have 
prepared themselves for the new North America. 
What Canada does to influence its competitive­
ness will have ramifications south of the border 
and vice versa. Already, there are indications that 
federal initiatives are being developed to explore 
prospects for Canada-Ll.S. cooperation on issues 
of common concern, particularly in the area of 
technology policy and competitiveness. One can 
anticipate that the next steps will be to prepare 
joint strategic plans for individual technology­
based sectors, not merely on a bilateral basis, but 
from a regional perspective as well. 

Canadians have shown that they can compete 
internationally when they build on strengths. 
What are needed are the enabling public and pri­
vate structures to multiply Canadian successes as 
rapidly as possible. 

Canada's shift to a knowledge-based economy 
would ensure the high standard of living to 
which we have become accustomed. Moreover, if 
successful, such a shift would also promote an 
industrial innovation system that is more in 
keeping with sustainable development over the 
long term. 
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3. Infrastructures for Science and Technology
 

Simply stated, the infrastructures of Canadian 
science and technology are the sum of scientific, 
medical, engineering, and technical knowledge in 
human, institutional, and "hardware" forms. 

The following pages form a selective guide to 
some of the more important events of the past 
year in the national debate on the conditions nec­
essary to create sound underpinnings for Cana­
dian science and technology. The discussion is by 
no means comprehensive; any such conspectus 
would have to take account of the effects of more 
traditional infrastructures such as those in trans­
portation, energy, communications, agriculture, 
and health care. 

It is important to note that science and technol­
ogy are related but separate realms of endeavour, 
with different origins, value systems, and knowl­
edge structures. As John Polanyi (one of two resi­
dent Canadian Nobel Prize winners in science) 
reminds us: "As long as we continue to overlook 
the existence of science, confusing it with technol­
ogy, we shall continue to be in trouble with 
both."] 

It will help to retain this distinction by describ­
ing science infrastructure as typically consisting of 
public and parapublic research facilities, highly 
skilled people, effective networking among the 
key stakeholders, and a strong funding base that 
is premised on long-term continuity. 

An industrial innovation and technology infra­
structure, on the other hand, comprises organiza­
tions and associated institutional systems in the 
business of either adopting or adapting available 
technology, or engaged in creating and maintain­
ing core competencies as described in the forego­
ing section, "Competing through Innovation." 

Issues linking these two infrastructures involve 
the degree to which the educational system is 
well maintained, and the extent to which issues of 
technology transfer and government framework 
policies can be adequately handled (e.g., intellec­
tual property guidelines, procurement, the regu­
latory framework, precompetitive research, tax 
and non-tax incentives, labour-management 
relations, technology diffusion, marketing 
support, and international outreach services). 

The elements of effective and efficient infra­
structures for science and technology are complex 
and strongly interconnected with other factors 
(including a well-developed S&T workforce) 
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outlined elsewhere in this report. While in these 
pages we cannot hope to deal with all of these 
elements, the following checklist of factors under­
pinning the creation of scientific knowledge and 
the development and application of technology 
will serve as a context for our discussion: 

Technology Infrastructure 

•	 the role of the private sector and its gate­
keepers (industrial and trade associations) in 
championing entrepreneurship and innovation; 

•	 the ability of corporations to develop competi­
tive competencies by managing a strategic 
architecture that places a premium on effective 
"bundling" of skills (including training); 

•	 an understanding of the mechanisms for man­
agement and marketing of technology and its 
overall valuation within the corporate culture; 

•	 the capability of businesses to engage in adopt 
and adapt technology strategies. 

Technology Transfer/DiHusion Infrastructure 

•	 adequate financing, incentives, and rewards 
for research, entrepreneurship, and innovation; 

•	 the scale, scope, and effectiveness of linkages 
between key institutions within the R&D 
system; 

•	 the mechanisms for sifting through priorities 
forS&T; 

•	 the measures used to identify and assess 
indicators of the orientation, direction, and 
progress of S&T; 

•	 the effectiveness of the governmental decision­
making system on S&T-related issues; 

•	 the overall coherence with other national 
policies (e.g., those affecting education, train­
ing, investment, entrepreneurship, trade, aid, 
foreign relations, immigration, and culture); 

•	 the information/regulatory/legal framework 
that underpins the creation, use, and impact 
of science and technology; 

•	 the synergy of producers, suppliers, customers, 
and competitors in a given area (large or small). 



Science Infrastructure 

•	 the value put on basic research and the scien­
tific enterprise by society, including institu­
tions designed to assess and facilitate the 
appreciation and impact of science on society; 

•	 the appropriate role of governments and 
higher education in stimulating scientific 
research and ensuring the existence of neces­
sary bridges to the productive sectors; 

•	 the interdependence and linkage of the nation­
al S&T system with international activities 
abroad; 

•	 the production of skilled personnel; 

•	 the conduct of frontier research; 

•	 the creation and maintenance of unique 
facilities and instrumentation. 

Context Is Everything 
The debate on Canadian science and technology 
policies would be greatly improved if our elected 
representatives and the custodians of S&T would 
take the following precept to heart: 

...economists and other social scientists will 
benefit enormously in both accuracy and im­
pact of their analyses, if they drop their con­
ceptualisations of science and technology as 
activities producing easily transmissible and 
applicable "information", and recognise them 
instead as search processes and skills embod­
ied in individuals and institutions. 

- Keith Pavitt 2 

Science and technology grow not in a vacuum 
but within a complex of interrelated support 
institutions and decision-making apparatuses. 
This complex, if well integrated with the broad 
canvas of other public policy instruments such as 
education and monetary, fiscal, and regulatory 
mechanisms, and if well stocked with creative 
individuals, provides the necessary conditions for 
both technological innovation and growth in 
science. 

Science is dependent on the public purse, and 
consequently must deal with public expectations. 
As The Economist has pointed out: 

Governments spend huge amounts of money 
not because they think it adorns their culture 
as opera does (though this comparison is quite 
commonly made by scientists) but because 
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ever since a nuclear-fission bomb exploded in 
the New Mexico desert in 1945 they have been 
tremendously impressed with the ability of 
today's scientists to produce new technologies 
and with the ability of new technologies to 
produce new industries.' 

Rightly or wrongly, it is this perception of the 
importance of science to the economy that 
prevails in much of the Western world. The 
scientific community, however, is still struggling 
to come to grips with this perception. 

Because of this prevailing public notion of the 
role of science (and the public's association of 
science with technology), it follows that proper 
maintenance or upkeep of its science and technol­
ogy infrastructure is essential if a nation is to 
position itself at the forefront of international 
developments. Furthermore, it is the responsibil­
ity of governments, in close cooperation with 
industry, academe, and labour, to ensure that the 
necessary upkeep takes place. 

Science Po/icy for What? 
WhatScience Po/icy? 

Does Canada have a science policy? I am sure 
some of my fellow cynics out there are won­
dering whether I am going to have sufficient 
intestinal fortitude to give a one-word, two­
letter speech, and then sit down. And I have to 
admit that I am tempted. 

- Gordon MacNabb 4 

Of course, in a federation such as Canada's, the 
different levels of government have perceived a 
need to intervene in science and technology pol­
icy issues for different reasons, and with differing 
results. The approach taken by the federal gov­
ernment and by other levels of government in 
support of science and technology and innovation 
has had considerable impact on the S&T infra­
structures. 

An example of the attention given to S&T is the 
1991 discussion on Maritime economic integra­
tion by the Council of Maritime Premiers, which 
underlines the need for enhanced coordination 
among research bodies serving the region. In 
particular, the three science and technology ad­
visory bodies in New Brunswick, Nova Scotia, 
and Prince Edward Island have reviewed ways to 
improve technological innovation and diffusion 
in the Maritimes; to improve the general attitude 
toward science, engineering, and technology 
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among businesses, governments, and educational 
institutions; and to increase the number of stud­
ents pursuing careers in science and engineering," 

In this example, and others that bridge the link 
between science and economic activity, a central 
question emerges: Science policy for what? 6 In 
fact, the debate in Canada has not changed sub­
stantively (though the context has) since the form­
ative years of the nation. The essential questions 
remain: What is the objective of Canadian science 
and technology policy as seen by citizens and 
translated by politicians? Is it national prosperity? 
If so, for whom? Is it to overcome regional dis­
parity, to bootstrap the communities throughout 
the country with more judicious use of the fruits 
of science and technology? Is it to offer a higher 
quality of life for Canadians? Is it for international 
prestige? Is it for industrial competitiveness and 
increased market access? 

The lack of answers has been a perennial frust­
ration of public policy and the bane of our aca­
demic, industry, and labour leaders. Of late, the 
concern has shifted to the "competitiveness" of 
Canadian industry (discussed elsewhere in this 
report), as this issue is front and centre on the 
government and business agenda. It is, however, 
not at all clear that sufficient attention is being 
paid to other national objectives requiring the 
input of science and technology. Nor is it evident 
that adequate consideration is being given to the 
maintenance of a research infrastructure that will 
be conducive to the new competitiveness para­
digm - one that recognizes the role of scientific 
knowledge, industrial innovation, and, above all, 
creative individuals. 

The Challenge: Moving Science and 
Technology to the Centre 

Science and technology were once the condi­
ments of our civilization....More recently they 
have been regarded as vitamins, tiny quantities 
of which could prevent stunted growth and 
enable us to absorb our industrial nourish­
ment. Now they must be reckoned as the very 
meat and potatoes of our economy. 

- Derek J. deSolla Price 7 

For the past several decades, the two major 
funders of R&D, governments and business, have 
stressed that science and technology have moved 
from the periphery to the centre of their respec­
tive decision-making systems," Science and 
technology, the claim goes, have become major 
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public policy vehicles for promoting national 
objectives. 

That a well-trained and scientifically literate 
population is the hallmark of national excellence is 
today's mantra. That investment in basic research 
provides sufficient economic returns to justify 
government subsidization and industrial invest­
ment is now almost an article of faith in Europe, 
Japan, and the United States." That pace-setting 
facilities for basic and applied research and 
training are important components of a nation's 
infrastructure for downstream technological and 
production activities is also now accepted." 

An examination of funding for research and 
development in Canada reveals the extent to 
which policy has been converted to action. Table 1 
illustrates Canada's gross expenditures in R&D 
over the period 1984-91.As one can see, the 
numbers are not comforting, nor is the recent 
trend. However, a longer-term perspective shows 
a more realistic picture. 

Federal government funding for R&D has 
increased from $600 million in 1972 to $2.78 bil­
lion in 1991. Business has increased its share of 
R&D funding from $370 million to $4.05 billion in 
the same period.11 Over these same years, another 
marked shift has occurred that has seen the gov­
ernment share of gross expenditures on R&D drop 
from 45 per cent in 1972 to 29 per cent in 1991, 
with the business share going in the opposite 
direction from 27 per cent in 1972 to an estimated 
42 per cent in 1991.12 

This trend is not unique to Canada; the de­
crease in the government share is a long-term 
tendency shared by all OECD countries. It results 
not only from government downsizing forced by 
fiscal restraint, but equally from the growing im­
portance accorded to other public programs, 
including health, education, and environmental 
programs, and the current predominance of 
market-based policies in most Western economies. 

The significant growth in business investment 
in R&D is partly owing to the federal govern­
ment's introduction of investment tax credit 
incentives in 1977. Investment in industrial R&D 
grew from just over $1 billion in 1977 to $3.3 bil­
lion in 1990 (1981dollars). Today, Canada's 
absolute dollar investment in business R&D is the 
seventh largest in the world. 

In its annual review of industrial R&D spend­
ing intentions, the Conference Board of Canada 
provides a useful barometer of how the business 
sector views investment in R&D. It is interesting to 
note that even during the recent recessionary 
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Table 1. Canada's Gross Expenditures on Research and Development, 
1984-91 

1984 1985 1986	 1987 1988 1989 1990 1991 

($ millions) 

Actual 6112 6810 7325 7678 8232 8718 9206p 9714 

1986 $ 6420 6977 7325 7326 7504 7587 7782 7866* 

(percentage) 

Annual real growth 8.9 8.7 5.0 0.0 2.4 1.1 2.6 1.5* 

GERD/GDP 1.37 1.42 1.44 1.39 1.36 1.35 1.37 1.40* 

p preliminary data. 
* ISTC estimate. 

Source: Industry, Science and Technology Canada, S&T Economic Analysis Division, Selected Science and Technology 
Statistics 1991 (Ottawa, 1992). 

period, Canadian industry expressed an intention 
to increase its R&D spending for 1991 at a rate 
higher than inflation. The forecast is not as rosy for 
1992, but is expected to pick up after that." 

The private sector has also had much to say 
over the past decade about controlling the agenda 
for innovation. As the Chamber of Commerce 
baldly put it, 

It is imperative that Canadian industry assert 
control of the science and technology agenda 
and ensure that the very large multi-year 
expenditures which are made in this area 
stimulate private sector initiative.':' 

Northern Telecom's Vice-Chairman, David 
Vice, has sounded the alarm more forcefully: 

Our challenge is to fire up the technology en­
gine in Canada. This means we must invest our 
limited resources on R&D with a purpose, mean­
ing research and innovation that makes our 
plants, our products and our workers more 
competitive globally.15 

And yet a great deal of our national debate still 
focuses on the fact that it is the industrial sector ­
for a number of reasons, mostly structural- that 
has not carried its weight regarding investment in 
innovation." The hot-potato game being played in 
Canada with one sector passing the responsibility 
to the other and vice versa has not been a particu­
larly productive exercise. As a former president of 
Digital Equipment Corporation put it, 

Canada will have R&D in the private sector 
when we have a private sector that needs R&D. 
We will have a private sector that needs R&D 
when we begin to treat technology as a strategic 
instrument of industrial development in the 
same way that countries like Japan, Germany 
and Sweden have done. This will happen when 
we have leaders in both the public and private 
sectors who want to make it happen." 

Because we have benefited from a high stan­
dard of living, we like to measure our perfor­
mance against that of other industrialized nations, 
particularly those that belong to the rich, industri ­
alized club known as the G-7 (Group of Seven). 
As a member along with the United States, Japan, 
France, Germany, the United Kingdom, and Italy, 
Canada has enjoyed the fruits of middle-power 
status." But once Canadians are caught up in this 
comparison (and none of these nations have an 
industrial structure or economy remotely similar 
to Canada's) we find ourselves valiantly trying to 
keep up a respectable image. Some of this effort is 
engendered by how others view us. As the presti- . 
gious British science journal Naturesaw us in 1988, 

Canada spends substantially less of its gross 
domestic product on research and development 
than any other large industrialized nation in the 
world. No matter how it is modified or recalcu­
lated to cast it in a better light, that fact still rep­
resents the departure point for understanding 
how Canadian science has arrived at its present 
state, and where it may go in the future." 
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According to various international bodies that 
annually project the economic health of the in­
dustrialized nations, Canada is a world leader. For 
example, the 1991 overall ranking of international 
competitiveness by the World Economic Forum 
(a complicated assessment that should be read 
with circumspection) dropped Canada a notch to 
fifth place from the 1990 ranking of fourth place. 

These assessments focus largely on macroeco­
nomic indicators such as the stability of the eco­
nomy, inflation rates, productivity growth, and 
foreign exchange rates. Although they are critical 
to a sound infrastructure, they are by no means the 
whole of the equation. 

As the World Bank's World Development Report 
1991 suggests, achieving an infrastructure that 
allows free rein to the creation and circulation of 
knowledge is much more complex than mere 
attention to macroeconomic indicators. It also in­
cludes such factors as a competitive microeco­
nomy, investment in people, and global linkages." 

Or as Professor Robert Reich of Harvard's John 
F. Kennedy School of Government has put it: 

Technology is not like a scarce commodity to be 
hoarded. Its ultimate value rests in people's 
heads. Its development depends on a research 
infrastructure of excellent laboratories, experi­
enced researchers and teachers, a critical mass 
of customized research materials and equip­
ment, and networks of well-qualified students." 

The Reality ofRhetoric 

We need more research, but not only that; we 
need good research and we need innovation. 
We must develop a coherent overall science 
policy so that we can not only meet our eco­
nomic objectives more effectively but also more 
realistically face our mounting social problems. 

- Senate Special Committee 
on Science Policy, 197022 

For the past 20 years, the same issues have 
guided our science and technology policy debate. 
In its consultation paper Prosperity through Com­
petitiveness released in October 1991, the federal 
government picks up many of the themes sug­
gested by an earlier report of the National Advi­
sory Board on Science and 'Iechnology." 

Both reports stress the consensus of business 
and labour leaders that improvements to Cana­
dian competitiveness are linked to better educa­
tion and training and to increased innovation." 
Both ~eports challenge government, business, 

labour, and all Canadians to improve the coun­
try's ability to apply science and technology to 
increase the wellbeing of all citizens. 

To argue that these reports (as well as the 
Michael Porter study on Canada's competitive­
ness) offer much that is new would be fallacious. 
Canadians have heard this song before. But the 
context has changed. 

The tone of urgency in these new reports is 
clear. Already, a number of the cross-Canada 
"community talks" being conducted under the 
federal Prosperity Initiative have pointed to the 
critical role of science and technology in Canada's 
economic revival. The challenge will be to follow 
the words with action. 

However, it is difficult to effect change without 
spending money. Compared with other G-7 
nations, where significant increases in national 
science budgets are becoming the norm, little has 
changed in Canada's overall expenditure enve­
lope for research. A brief assessment of the federal 
budget of February 1991 confirms this. The 
nation's gross expenditure on R&D (GERD) as a 
percentage of gross domestic product has not 
grown since its high of 1.44 per cent in 1986 (it is 
estimated at 1.40per cent for 1991).25 With these 
levels and growth rates of GERD to GDP ratio, 
Canada finds itself in a league with Australia, 
Ireland, Belgium, and Portugal (see Table 2).26 

In the 1991 federal budget, the government 
indicated that S&T would not be exempt from the 
3 per cent cap on public expenditures from 1992 
through to the end of 1995. This 3 per cent was 
expected to provide some $1.5 billion above 
existing funding levels (a similar amount to that 
administered by the federal government's science 
and technology strategy, InnovAction, when it 
was announced in 1987) for new and enhanced 
initiatives in support of S&T over the next four 
years." Much of this new money was to be de­
voted to shoring up the base budgets of the 
federal research granting councils (a recommen­
dation made by several advisory organizations 
over the past few years to deal with the decline of 
funding for university research). 

The 1991 budget unfortunately views innova­
tion from a limited perspective - seeing it from a 
traditional economic viewpoint as a narrow 
question of incrementally increasing the R&D 
expenditure envelope." 

Richard Lipsey, an internationally respected 
economist at Simon Fraser University, has put 
this issue in a slightly larger context as part of his 
current five-year project on how science and 
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Table 2. Expenditures on R&D, SelectedInternational Comparisons, 
1989 

GERO 
GERO/GOP BERO/GOP HERD/GOP GERO per capita 

(%) (%) (%) (U.S.$ billions) (U.S.$) 

Japan 3.04 2.12 0.55 58.0 4.71 

F.R.G. 2.88 2.10 0.41 26.7 4.31 

Switzerland 2.86 2.14 0.57 3.4 5.06 

us. 2.82 1.98 0.43 144.8 5.82 

Sweden 2.76 1.83 0.82 3.6 4.29 

France 2.32 1.40 0.34 19.0 3.38 

Netherlands 2.26 1.32 0.47 4.3 2.89 

U.K. 2.20 1.37 0.33 17.0 2.98 

Canada 1.33 0.74 0.31 6.7 2.56 

Italy 1.29 0.74 0.25 10.3 1.80 

GERD = gross expenditure on research and development.
 
BERD = business expenditure on research and development.
 
HERD = higher education research and development.
 
Some data are from 1988.
 
F.R.G. data predate unification.
 
Source: Industry, Science and Technology Canada, S&T Economic Analysis Division, SelectedScienceand Teclmolo:.,~ Statistics
 
1991 (Ottawa, 1992).
 

technology and institutional change in a global 
economy affect economic growth. He argues: 

Science policy does not pertain merely to the 
advancement of scientific research and activity. 
The long-term goal of science and technology 
policy involves the optimal use of science to 
influence both the rate and direction of eco­
nomic development." 

Nonetheless, for the Department of Finance to 
recognize publicly for the first time that Canada's 
R&D expenditures may be contributing to our 
productivity is a significant step forward, made 
all the more pertinent since the then Minister of 
Finance, Michael Wilson, has accepted responsi­
bility for designing the future of innovation and 
prosperity as Minister for Industry, Science and 
Technology and International Trade." While it is 
too early to comment on the newly restructured 
"flagship" department for economic development 
and international trade, one might expect that 
innovation and research have yet another chance. 

For their part, a number of provincial govern­
ments (e.g., Alberta, Quebec, Nova Scotia, and 
Ontario) have developed strategies to tackle the 
challenge of prosperity. Quebec's Minister for 
Industry, Commerce and Technology, Gerald 
Tremblay, highlighted the issue in a key speech: 

Value added depends to a great extent on our 
access to relevant information and our ability 
to manage this information using the latest 
technology. That's the way of the future 
[Translation].31 

Concocting Coherence 

As already indicated, science and technology 
infrastructures are more than just a question of 
financing mechanisms. They also involve the 
development of networks of communication, 
institution-building, and the creation of a coher­
ent system of gatekeepers whose function it is to 
translate policy concerns into issues that can be 
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understood and acted upon by elected officials. 
The gatekeepers range from chief science advisers 
to industrial trade and research associations to 
scientific societies and learned academies. They 
all have roles to play in stimulating and directing 
the debate on critical concerns affecting S&T. 

For example, in 1991, when the federal govern­
ment threatened to terminate the vital S&T statis­
tics collection capability at Statistics Canada, 
many of these groups swung into action using 
various strategies to have the government recon­
sider (which it did, in part, though there is still 
some threat to this function as Statistics Canada 
grapples with more budget cuts). 

When the Ll.S. Congress threatened to kill the 
Space Station Freedom because of political pres­
sures to place the funds elsewhere, representa­
tives from the Canadian Space Agency, some 
aerospace industries, and others lobbied hard 
through the Canadian Embassy and the science 
and technology counsellor in Washington to 
make the case for continued funding. (Canada is 
contributing $1.75 billion of taxpayers' money to 
the program.) After considerable debate and 
pressure from other sources, the U'S. Senate 
finally voted in favour of continued appropria­
tions, at least for another year." 

Although much of this work appears ad hoc in 
nature, Canada does have a formal, institutional­
ized S&T advisory system, the major elements of 
which are pictured in Figure 1. If it looks a little 
complex, it is, but no more so than similar mech­
anisms and networks in other countries. 

However, Canada's situation is complicated 
somewhat by its federal structure, in which the 
different levels of government create agencies to 
deal with research issues and with their func­
tional equivalents at other levels of government. 
Thus, after Ontario created its Premier's Council 
on Science and Technology in 1986 (now the 
Premier's Council on Economic Renewal), the 
other provinces and the federal and territorial 
governments followed suit, creating their own 
advisory boards. They did so not merely because 
this was a politically fashionable thing to do, but 
because science and technology were seen as 
critical features of economic development and job 
creation (Quebec already had its own science and 
technology council, and the Science Council of 
Canada dates from 1966). 

This is a much different environment from the 
simple days when the National Research Council 
of Canada - through the Honorary and Advisory 
Committee on Scientific and Industrial Research-

was the sole standard-bearer for scientific advice 
to government. 

All of these bodies are now active in promoting 
the use, application, and adoption of S&T to their 
respective citizens. They meet once a year at the 
National Forum of Science and Technology 
Advisory Councils to discuss issues of mutual 
concern." 

They are also in place to advise their respective 
governments on directions for S&T and as sound­
ing boards for their governments. They can make 
full use of their knowledge of the local scientific 
and technical infrastructure to influence public 
policy directions, and it is in this capacity that 
they probably have their greatest impact. 

For example, the Premier's Advisory Council 
on Science and Technology in British Columbia 
has created task forces to recommend policies 
relating to KAON, the Canadian Space Program, 
and hydrogen as an alternative fuel. It has also 
stimulated more technology-based innovation in 
the private sector. The Premier's Council on 
Science and Technology in Alberta has struck a 
number of subcommittees to explore ways to 
encourage the science and technology culture in 
the province and to look at the role of government 
support for S&T. The Newfoundland and Labra­
dor Science and Technology Advisory Council 
has been developing sector-by-sector strategic 
plans to establish targets for technology-based 
industrial innovation, and to date has conducted 
reviews of the fish- and food-processing, agri­
food, and information technology sectors. The 
newly restructured National Advisory Board on 
Science and Technology has a program involving 
six committees to review competitiveness, compe­
titiveness of the resource industries, technology 
acquisition and diffusion, science and technology 
priorities, human resources and public awareness, 
and government procurement. 

Individually, the provincial advisory bodies 
appear to have had some influence on the design 
of provincial S&T strategies. As a group, how­
ever, they have had limited success in catalysing 
partnerships and action by the Council of Science 
and Technology Ministers. 

The federal, provincial, and territorial minis­
ters responsible for science and technology signed 
Canada's first-ever National Science and Technol­
ogy Policy in March 1987.34 The policy was an 
attempt to lend some coherence to the national 
debate by focusing governments on finding solu­
tions to such generic issues as: encouraging the 
commercialization of technology by promoting 
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Figure 1. Key Elements ,n Canada~ National Science and Technology Policy 
System 
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technology diffusion and strengthening applied 
research and development; ensuring the availabil­
ity of the necessary highly qualified people; en­
couraging the basic and applied R&D fundamen­
tal to Canada's scientific capability; and ensuring 
that science and technology become an integral 
part of Canadian culture. 

The Council of Science and Technology Mini­
sters (CSTM) has met regularly since the signa­
ture of the National Policy. In May 1991, the 
CSTM met in Saskatoon and released a "National 
Science and Technology Framework for Action," 
listing 18 measures the Council endorsed to en­
hance the deployment of S&T in Canada. Al­
though the statement was not endorsed by the 
Quebec and Ontario governments, it is a good 
reflection of many of the issues that embody the 
S&T debate today. 
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The framework refers to the promotion of a 
science culture; the development of science re­
sources; and the stimulation of innovation and of 
technology transfer, diffusion, and adoption in 
industry. However, because it does not purport to 
be an overall framework, but rather "a series of 
discrete actions stakeholders can take while work 
on a more comprehensive framework unfolds," 
the framework has failed to engage the imagina­
tions of scientists, chief executive officers, and 
community and labour leaders. 

The CSTM and its framework, unfortunately, 
have had considerable growing pains and are 
often seen by stakeholders as marginal to the 
national competitiveness debate. In 1991 the 
CSTM agreed to enhance its role by developing 
linkages with other pan-Canadian organizations 
such as the Council of Education Ministers, the 
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Canadian Labour Market and Productivity 
Centre, and the Canadian Council of Ministers of 
the Environment. 

Of course, with the country beset by a major 
constitutional crisis, it has been difficult to orient 
national policy debates in areas other than legal 
and jurisdictional questions. In its recent state­
ment Science, Technology, andConstitutional 
Change, the Science Council recognized the need 
to build federal-provincial cooperation and 
interprovincial linkages in S&T by making such 
bodies as the CSTM more effective participants in 
designing the national S&T agenda." 

Here we have only highlighted the formal 
structures for science and technology policy. It 
would be a mistake to conclude that such formal 
mechanisms necessarily have an impact on 
changing Canada's infrastructure. Indeed, quite 
often, it is the informal networks and ad hoc 
initiatives that have greater impact in effecting 
change. A great deal of behind-the-scenes lobby­
ing and networking go on. What professional 
lobbyists, trade associations, individual briefings 
to politicians, and other forms of "influence ped­
dling" accomplish is always difficult to pinpoint. 
But that is the very nature of public policy. 

The Surrogates for Industrial Research 

Science in this country is yet in its infancy. 
Some day, when it has perhaps developed into 
a brawny giant, men may look back and ask 
about its early character and about the influ­
ences that moulded its youth. 

-	 Henry T. Bovey, 188636 

Designing the blueprint for the sound founda­
tions of a knowledge-intensive economy also 
requires some skill at institution-building. 
Canada's early architects in this area were 
inspired by European and American models and 
they developed unique hybrid organizations. It 
was through the establishment of such institu­
tions as the Geological Survey of Canada (1842), 
the Central Experimental Farm of Agriculture 
Canada (1886),and the Marine Biological Station 
(1899) that science (and applied science) began to 
flourish in Canada. With the establishment of the 
National Research Council in 1916 (and its labs in 
1932), and the growth of university research 
facilities and provincial research organizations, 
Canada's investments in this intangible capital 
began to grow. Indeed, Canadian ingenuity and 
entrepreneurship led to many significant achieve­
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ments. In engineering, for example, Canada's 
exceptional achievements include: 

•	 development of the railway networks across 
the country; 

•	 building of the St. Lawrence Seaway; 

•	 DCH-2 Beaver; 

•	 creation of the largest transmission network in 
the world; 

•	 Alouette satellite; 

•	 Bombardier snowmobile; 

•	 James Bay very-high-voltage transmission 
system; 

•	 Athabasca oil-sands development; 

•	 Canadian nuclear power system; 

•	 industrial installations of Polysar Ltd.37 

For economic reasons, government funding for 
industrial research was quite strong immediately 
before and after the Second World War. The in­
dustrial research infrastructure, however, remain­
ed poorly developed. For this reason, several 
commentators have seen the evolution of publicly 
funded research facilities as a surrogate for 
industrial research." 

But, in fact, many public institutions did their 
job. The NRC, for example, created a demand for 
R&D in Canada with such instruments as the 
associate committee network (now disbanded), 
and the privatization of some research products 
through leading corporations such as Atomic 
Energy of Canada Ltd. and Polysar Ltd. 

With the growth of the public research infra­
structure, much of government policy has been 
geared to changing the behaviour of public insti­
tutions and employees to improve the"competi­
tiveness" of the research infrastructure. Thus, one 
sees more and more attempts by decision makers 
to get value for money, as well as to make the 
public research apparatus more accountable and 
manageable from the perspective of an agenda 
that seeks to upgrade the national economy. 

In the past decade or so, governments in 
Canada (and elsewhere) have taken numerous 
initiatives to create more coherence as well as 
efficiency in the physical infrastructure and to 
develop a more creative workforce. 

The make-or-buy policy instituted in the early 
1970s is a good example of the attempts made by 
the federal government to use public funding and 
facilities to upgrade industrial R&D capability. 



Government procurement (now under examina­
tion by NABST) plays a critical role in acting as a 
"technology driver" for Canadian industrial com­
petitiveness. In 1990-91,for example, the federal 
government spent $8.5 billion to procure goods 
and services. A good deal of this was devoted to 
upgrading R&D in the private sector. (At $229 
million, the Canadian Space Agency accounted 
for over 55 per cent of this activity in R&D.) Some 
Canadian firms are, as a result, "chosen instru- . 
ments" of the government. Spar Aerospace Ltd. 
received the most business from federal govern­
ment procurement contracts - 127 contracts 
amounting to $275 million. However, the Cana­
dian Manufacturers' Association, for one, has 
stated that "government research cannot substi­
tute for private-sector research.'?" 

Indeed, the Canadian government has become 
preoccupied with undertaking a more rigorous, 
ongoing evaluation of the relevance, quality, and 
regional distribution of federal intramural and 
contracted-out R&D activities. This evaluation 
begat the so-called Wright Task Force on Federal 
Policies and Programs for Technology Develop­
merit," which begat the Decision Framework for 
Science and Technology (a set of principles to co­
ordinate the government's annual investments in 
S&T), which begat the NABST report on federal 
science and technology expenditures. This latest 
report, presented to the Prime Minister in 1990 
and publicly released in 1991, concludes that: 

fundamental changes are required in the orga­
nization and design of departments' intramu­
ral S&T activities and that a new management 
regime, one better suited to the unique nature 
of science and technology, needs to be estab­
lished. More focused mandates, less bureau­
cratic and unproductive overhead, and 
improved management practices must be 
achieved." 

The report goes on to recommend five design 
elements of this new management framework: (1) 
an institute status, whereby each department is to 
transfer its S&T capability into one S&T institute; 
(2) contractual relationships between the institute 
and the department; (3) a revenue-dependency 
funding relationship whereby departmental pro­
gram managers contract with the S&T institute; 
(4) a management structure for the institute; and 
(5) an evaluation regime for the institute. 

The NABST committee, chaired by Pierre 
Lortie, former chief executive officer of Provigo, 
recognizes in its report the legitimate role of gov-
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ernment labs to fulfil numerous categories of 
missions, and attempts to paint a broad, generic 
picture of how the federal research infrastructure 
("a major national asset") can be made to perform 
better. It also attempts to deal with the severe 
morale problems afflicting employees of the fed­
eral R&D apparatus as a result of the ongoing 
scrutiny of public expenditures and concomitant 
downsizing in all areas." 

A US. Congressional report on federal 
spending for infrastructure, including R&D, has 
argued for caution when examining the returns 
from such investments to the economy. As the 
study concludes, 

spending for R&D that is primarily intended to 
support the missions of particular federal 
agencies is best evaluated on the basis of its 
contribution to the mission (and the perceived 
merit of the mission itself).... claims of substan­
tial economic benefits beyond contributions to 
agency missions should be viewed sceptically 
and accepted only after specific cases and 
technologies are evaluated." 

The Lortie report has had little visibility to 
date, although the government has given the 
Communications Research Centre institute status. 
One can also see the report's influences in the 
restructuring of the National Research Council 
(with its 1990-95long-range plan), and other 
measures such as the dissolution of Canadian 
Patents and Development Limited, and the 
design of a framework for technology transfer 
from government laboratories for commercial 
applications. 

This last initiative has been prepared by the 
Interdepartmental Group on Intellectual Property 
Management, a committee of more than 20 fed­
eral government departments and agencies 
whose function is "to identify technology transfer 
mechanisms needed to facilitate the fullest 
exploitation of government-sponsored R&D for 
economic, social and cultural benefits.'?" 

The group is developing a technology transfer 
"tool box" aimed at improving a company's capa­
bility to acquire and commercially exploit tech­
nology. This group is a welcome example of 
federal science-based departments and agencies 
developing an action-oriented agenda to deal 
with the many operational, administrative, legal, 
and technical hurdles confronting their manage­
ment in attempting to transfer technology to the 
private sector. The success of these efforts can be 
measured in part by the numerous S&T alliances 
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now in place between federal agencies and other 
organizations representing over $1 billion in 
expenditures." 

Another recent example is the contract from 
Environment Canada's Wastewater Technology 
Centre in Burlington, Ontario, to RockCliffe Re­
search Management Inc. to manage the commer­
cialization of technology issuing from the labs of 
this world-renowned facility. Under the three­
year pilot arrangement, the centre's employees, 
who specialize in research on industrial and 
municipal waste water treatment, will obtain a 20 
per cent cut of any profits the lab makes selling its 
waste disposal technology. 

Other experiments in new forms of institution­
building include considerable attention to the 
links between public (and quasi-public) organiza­
tions and the private sector. Such models have 
been increasing domestically and globally. They 
take the form of interdisciplinary centres, excel­
lence centres, cooperative industry-university 
centres, technology transfer centres, innovation 
centres, science parks, and so on. 

One illustration of such experimentation, 
which appears to have been successful, is the 
Natural Sciences and Engineering Research 
Council's Industrial Research Chairs Program. 
The chairs program, created in 1984, was de­
signed to help universities build on existing 
strengths, and to assist in the development of 
research efforts in fields for which there is an im­
portant industrial need. The program is funded 
jointly by NSERC, industry, and the host univer­
sity. By September 1991, 85 chairs had been 
financed, with total commitments of $75 million 
from NSERC and $47 million from industry. The 
chairs cover technologies ranging from wood pre­
servation and grain technology, to the manage­
ment of technology and metallurgical process 
engineering. -46 

The critical factor is that Canadian institution­
building and infrastructure upgrading is keeping 
step with global developments in science and 
technology. This requires a great deal of adapt­
ability and flexibility within a normally rigid 
bureaucratic system. As an examination of the 
key ingredients to the success of Western econo­
mies notes: "Growth is, of course, a form of 
change, and growth is impossible when change is 
not permitted. And successful change requires a 
large measure of freedom to experiment."? 
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Embec/ding the Infrastructure 

No other issue has received more play in the 
rhetoric (and initiatives) associated with a healthy 
infrastructure for scientific research, industrial 
innovation, and technology transfer and diffusion 
than the question of adequate supply of and 
demand for people. 

Whether in a multinational corporation assess­
ing the potential for bundling its core competen­
cies, or in a community college trying to create a 
unique specialization, the issue is the same. 
Whether in a small firm trying to adjust to 
changes in automated techniques, or in a univer­
sity attempting to create a new interdisciplinary 
team, the issue is one of motivated, creative 
individuals. 

The past year has seen a renaissance of the 
"learning for a living" approach in virtually every 
facet of Canadian society. As our chapter "Educa­
tion, Training, and Literacy" makes clear, a host 
of issues now face this country in its ability to 
attract, motivate, and train people in the skills 
required for the new economy. 

Canada's higher education system has been 
buffeted by severe erosion of its purchasing 
power with resultant negative impact on teach­
ing, training, and research mandates. Michael 
Porter pointed out the undervaluation of voca­
tional and technical training in this country: 

Occupational standards for skilled trades are 
poorly developed, reflecting a strong social 
and cultural bias toward university-educated, 
white-collar occupations. Technical and voca­
tional schools - extensively used in many other 
countries to provide intensive skills training ­
are widely perceived to be "second best" in 
Canada." 

These issues, and others, are being examined 
by the federal government in consultations as part 
of its Prosperity Initiative and, perhaps more im­
portantly, have prompted action by the provincial 
governments as well. 

Alberta's "Visions for the Nineties" action plan 
for education includes such targets as developing 
vocational programs to prepare students for 
tomorrow's job markets; improving science pro­
grams for all students and establishing special­
ized science and technology schools for students 
with special abilities; and making sure teachers 
keep up with current knowledge. 



In Quebec, the Conseil du Patronat (the 
province's largest employers' group) has urged 
the government to set long-term goals in this area, 
including reducing illiteracy by 50 per cent, boost­
ing the number of Quebecers over 15 who hold a 
high school diploma to 50 per cent from 38 per 
cent, ~nd ~creasing the number of students regis­
tered m high school professional training pro­
grams by 300 per cent and in college programs by 
50 per cent. 

Innovative work is also under way to enhance 
~he prestige of science, technology, and engineer­
mg as career choices. The Canada Scholarships 
Progr~m: announced in 1988 and managed by the 
Association of Universities and Colleges of 
Canada, awards a minimum of 2500 scholarships 
annually to top Canadian students entering 
undergraduate studies in the natural sciences, 
e~gineering, and related disciplines. The program 
will be extended to include awards to technicians 
and technologists entering vocational schools and 
colleges. Canada Scholarships are divided about 
equally between men and women. Now in its 
fourth year, this program has evolved to include 
other initiatives, for instance, a "frontrunners" 
program in which present and past Canada 
Scholars volunteer to visit elementary and sec­
ondary schools and Cegeps to talk to students 
about science and technology; corporate awards 
that supplement the Canada Scholarships or 
establish new awards, including a Governor 
General's Award for Environmental Engineering 
funded by Du Pont Canada; and Canada Scholar 
Mentor Clubs designed to help scholars maintain 
their outstanding academic performance." 

Attention is also being paid to the erosion of 
facilities for equipment and instrumentation - a 
key component of a nation's competitive advan­
tage. As the brochure for a major international 
conference on equipping science held in 
Amsterdam in April 1992 underlines, 

A key question facing policy-makers in the 
1990s concerns how best to meet the demands 
of the scientific community for investment in 
n:o~e:n equipment and facilities. The strategic 
significance of many areas of basic research for 
future industrial technology gives added 
urgency to this task. 

Indeed, in the 1990 "Health of the Disciplines" 
reports produced for NSERC, a number of dis­
ciplines clearly targeted this issue as critical. The 
plant biology discipline report argues: 
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the replacement of ageing equipment, the need 
to apply new instrumentation and techniques 
and to bear the costs of accommodating experi­
mental animals and plants are among the 
factors threatening the health of basic food 
science research in Canada." 

Upgrading facilities and instrumentation is one 
thing, but not being able to use them fully for lack 
of adequate infrastructure support (such as tech­
nical personnel and operating budgets) is another 
matter. The computing and information science 
field, for example, is facing this dilemma." 

Issues of the adequate supply of and demand 
for qualified workers are critical. Just as the US. 
Congress is now examining the question of a 
"shortfall" in scientists and engineers, so too is 
there more serious re-examination in Canada of 
the issue. The chemists, engineers, and mathema­
ticians, for example, have each produced system­
atic documentation of the questions surrounding 
supply and demand for their professions. To the 
extent that other countries have similar problems 
(particularly the United States), Canada can 
expect severe competition for its highly talented 
graduates. 

.The French have begun active recruiting cam­
paigns for Canadian engineering and other grad­
uates. Japanese companies, too, have intensified 
their recruitment campaigns on Canadian uni­
versity campuses. (In 1990, for example, Toshiba 
succeeded in hiring seven Canadian university 
graduates in electrical engineering.) 

These examples illustrate one of the effects of 
globalization on the research system. The higher 
education system will have some severe chal­
lenges to face as nations vie to attract talent. In 
order to prepare for this, some universities have 
developed guidelines. In the United States, for 
example, MIT has a series of principles and poli­
cies that will guide the university's international 
activities in such areas as access to research 
licensing of patents, start-up companies, an'd 
visiting faculty, postdoctoral, and research 
scientists. 

In Canada, there are indications that some 
institutions are taking a more proactive stance. In 
June 1991, the universities of York, Carleton, 
British Columbia, and Laval formed the Swedish 
Canadian Academic Foundation with the univer­
sities of Umea, Uppsala, Linkoping, and 
Stockholm in Sweden. The foundation will 
provide the organizational and financial basis for 
coordinating exchanges of faculty and students 
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among the participating institutions. In 1991, the 
Association of Universities and Colleges of 
Canada made public the results of a "globaliz­
ation" survey among its 89 member institutions. 
The results provide a rich source of information 
about the degree of preparedness of Canada's 
higher education establishment in the new inter­
national context. For instance, one innovative 
initiative has been undertaken by a number of 
Canadian universities that banded together with 
support from the Japan Science and Technology 
Fund to offer co-op students semesters in Japa­
nese industries. The three-year Japan co-op place­
ment program is offered to qualified undergradu­
ate students at the universities of Waterloo, Simon 
Fraser, Victoria, and Sherbrooke. 

The United States has always been a major 
draw for Canadian talent, and fears of a "brain 
drain" from Canada have been with us since the 
years following the Second World War when 
massive reconstruction efforts offered opportuni­
ties for Canadian graduates abroad. The issue has 
recently resurfaced with the Americans projecting 
a shortfall of 640 000 scientists and engineers to 
the year 2000. When Canadian Richard Taylor 
(the Stanford professor and winner of the Nobel 
Prize for physics in 1990)was interviewed on this 
issue in October 1991, he slammed the research 
environment in Canada. Arguing that Canadian 
scientists are "leaking out," he went on to note 
that "there's more Canadian content in the Ll.S, 
scientific establishment than on the television in 
my hotel room here' (in Canada)."? 

But the issue is a double-edged one. Many 
foreign postdoctoral fellows who were funded 
through the NRC over the past half-century have 
had prestigious careers in their home countries. In 
some cases, they have become senior corporate 
managers in large global firms - often an intan­
gible asset for Canadian companies wishing to 
conduct business with these firms. And Canadian 
graduate D. Allan Bromley, President Bush's chief 
science adviser, has no doubt had a considerable 
impact on the Canadian government's funding 
decision regarding KAON and on the U'S, contri­
bution to Canadian-initiated international science 
projects. 

In the corporate world, considerable attention 
is paid to skills development and to appropriate 
linkages with the educational system. This has 
taken on some urgency, particularly where there 
are gaps in the requisite skills. But in many in­
stances, the market in Canada is just not large 
enough to produce all the necessary expertise. 
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Quebec, for example, has instituted a two-year tax 
holiday for foreign researchers hired by Quebec 
firms. Other tactics to capture "knowledge work­
ers" range from establishment of a new R&D lab 
(such as Teleglobe's $200 million five-year invest­
ment announced in October 1991), to increased 
consultancy work, to enhanced use of unique 
research facilities on the university campus, to 
sponsorship of industrial chairs and fellowships 
(e.g., the pharmaceutical industry funded 130 
fellowships in Canadian universities in 1991). 

An Eroding Base? 
There ought to be a fin de siecle air of excite­
ment for the newly fledged science postdoc 
these days; after all, he or she will hit the most 
productive years of scientific life not merely in 
a new century but in a new millennium. The 
horizons should seem limitless. Except.. .. 

- Science'" 

Numerous pressures confront those who con­
duct scientific research. Adequate and sustained 
financing is obviously critical. Moreover, it is a 
difficulty the scientific community faces world­
wide. Over the past year, the British scientific 
community has recognized the need to undergo 
revitalization - so much so that the journal Nature 
has produced a Manifesto for British Science." 

In November 1991 the Organisation for Eco­
nomic Co-operation and Development held a 
special meeting of the Heads of Research Coun­
cils from industrialized countries to explore how 
the science system could be better managed. One 
of the conclusions of this and subsequent meet­
ings of the OECD's Group on Scientific and 
University Research was that there is a tendency 
among OECD governments generally not to pay 

sufficient attention to the time and structural 
adjustments involved in building research 
capabilities of adequate size and quality, 
especially in cases where new multidisciplin­
ary fields have to be dcveloped/" 

The burgeoning environmental research field is 
one such example. 

In the United States, a number of organizations 
have developed insights into the challenges facing 
the research enterprise. The president-elect of the 
American Association for the Advancement of 
Science, Leon Lederman, wrote a controversial 
report in January 1991 arguing that university 
research was in serious trouble." The Office of 
Technology Assessment has conducted a detailed 
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examination of the federal research system." The 
journal Science has summarized career trends for 
the 1990s.58 

In Japan, government and industry are con­
cerned about lagging behind Europe and the 
United States with respect to their levels of basic 
research.59 The Japanese (often considered poor 
supporters of basic research, especially in the 
university system) have formed a powerful 
pressure group within the ruling Liberal Demo- . 
cratic Party. This special committee reinforces the 
importance of maintaining the basic research base 
and international research cooperation. 

In these and other cases, the amount of public 
money being spent on science is as important as 
the way in which it is spent. This is not an insig­
nificant issue in Canada. The Medical Research 
Council of Canada, for example, has taken the 
matter to heart, and under its new president, 
Henry Friesen, has launched a major review of 
Canadian medical research designed to link a 
national medical research strategy to Canada's 
economic and health care needs." Similarly, the 
Natural Sciences and Engineering Research 
Council and the Social Sciences and Humanities 
Research Council have both engaged in strategic 
long-term planning to deal with the new context 
for research. 

Funds are also available to foster research in 
the provinces. Quebec has a comprehensive 
granting program (in the natural, medical, and 
agricultural sciences). Ontario has a Centres of 
Excellence Program designed to foster collabora­
tive research. The Science Council of British 
Columbia has several unique S&T funding pro­
grams in support of researchers. The Alberta 
government has established the Heritage Founda­
tion for Medical Research. 

The Royal Society of Canada raised a number 
of pressing funding issues in its report Realizing 
thePotential: A Strategy for University Research in 
Canada in February 1991. Among its recommen­
dations regarding direct funding of research at 
universities, the society suggested as a guiding 
principle for the research councils that approxi­
mately 30 per cent of those eligible to apply for 
research grants are worthy of support at interna­
tionally competitive funding levels (with special 
consideration to beginning researchers), and that 
a further 20 per cent are worthy of support at 
perhaps a lesser level (the base of university 
research), these being funded through a reformed 
system of "block grants" to the universities. 

Among its other recommendations, the report 
touched on the funding of multidisciplinary and 
collaborative research, increased funding for the 
social sciences and humanities, the indirect costs 
of research, support for the next generation of 
Canadian researchers, responsibilities of the uni­
versities, and the need for ongoing coordination 
and evaluation. This report has resulted in some 
debate, but its recommendations warrant careful 
examination. The Canadian Federation of the 
Humanities put it this way: "The Royal Society's 
Report has thrown down the glove to a lot of 
family members; it is a major contribution to 
making something of our talents."?' 

And there are other challenges. They include 
the greying of the academic community, the rise 
in the cost of research, the increase in university­
industry linkages, big versus little science, the 
Established Programs Financing transfer issue 
(discussed in the "Education, Training, and 
Literacy" chapter), multidisciplinarity, and, of 
course, the effects of globalization on all aspects of 
higher education. 

Ultimately, because they are the prime funders 
of basic research, governments in Canada will 
have to assist our research institutions in meeting 
these challenges. It will mean better government 
appreciation of how science in this country is 
conducted. It will mean that: 

governments should forswear hasty and ill­
considered decision-making touching science 
and research. Snap decisions distract research­
ers from what they do best, interrupt careers in 
random ways and (when made apparently on 
whim) demean the advisory process which is, 
at present, the only means at the government's 
disposal for winning the research community's 
consent to its decisions.'? 

This is a two-way street, however. For the 
scientific community, it will mean developing a 
more relevant and politically astute public aware­
ness campaign that demonstrates the need for a 
robust scientific infrastructure. 

On theHorizon 

Nowadays, the competitive strength of a re­
search entity in the international marketplace 
depends as much on the funding policy of its 
government as on its own innate scientific 
excellence. National funding bodies are simply 
not willing to underwrite the inevitable wast­
age of a system of outright scientific "laissez 
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faire," and introduce various elements of 
"coordination" to economise on their science 
budgets. 

- John Ziman? 

Canada's science and technology infrastructure 
is up against many of the challenges that other 
co.untri~s are facing. In Europe, Germany is strug­
glmg with enormous financial, administrative, 
and personnel difficulties in absorbing the 
scientific excellence of the former East German 
republic. The United Kingdom is reconsidering 
funding levels for its participation in international 
collaborative research projects. The Dutch are re­
examining their technology policy and assessing 
their strengths and weaknesses from a global 
perspective. 

The American scientific community is deba ting 
the pros and cons of setting priorities to assist 
Congress and the executive branch in their future 
funding decisions for R&D. The Americans are 
also clearly concerned over the erosion of their 
technological leadership. US. firms have identi­
fied management practices (and, in particular, 
short time horizons and management by numbers 
rathe.r than strategic vision) as their biggest weak­
ness in meeting competitive challenges. Indeed, in 
a nationwide poll conducted by the private sector 
Council on Competitiveness, Americans cited loss 
of key industries and technological leadership as 
the second most important economic problem 
ahead of the deficit, inflation, and federal taxes. 
Only unemployment and loss of job opportunities 
rated higher." 

The Japanese are focusing on core businesses. 
A 1991 survey of 100 company presidents identi­
fied the meeting of customer needs and invest­
ment in technology and research as the most im­
portant areas of concentration. In contrast, a sur­
vey of Canada's corporate sector put technology 
management practices and lack of skilled R&D 
personnel at the bottom of the list of adverse 
factors affecting investment in R&D.6s 

It is clear from numerous examinations of the 
issues affecting Canada's S&T infrastructure that 
the management issue is both problematic and 
difficult to quantify. From the World Economic 
Forum survey to the Porter study, from the Eco­
nomic Council's project on competitiveness to the 
Science Council's sectoral technology strategy 
series, "strategy and vision" are cited as the 
country's weakest links in making the transition 
from a mindset of resource management to one of 
resource creation. Management attitudes toward 

technology, leadership, competitive strategy, and 
product marketing strategy will have to be 
addressed more systematically if change is to 
come about. 
. ~other l?oming issue is the impact of global­
ization on science and technology. International 
issues will have significant repercussions on how 
nations upgrade their infrastructures. The United 
States is concerned about its international cred­
ibility as a reliable partner in collaborative S&T.66 
The Japanese are developing new international 
experiments such as the Intelligent Manufactur­
ing Systems Program and the Human Frontier 
Science Program designed to complement and 
strengthen their national infrastructure." The 
Europeans are strengthening their collective R&D 
capability through the newest five-year Frame­
work Programme for R&D. 

Canada and its scientists, engineers, mathema­
ticians, and other knowledge professionals, while 
already part of these developments, have to think 
carefully about being positioned to reap the bene­
fits of these and other international opportunities. 
This will require considerable attention to interna­
tional activities affecting our academic, business, 
labour, and government sectors. In some in­
stances, debate and action are in progress; in 
others, a debate has yet to begin. 

In several quarters, it is apparent that meeting 
the challenges of internationalization will also 
mean upgrading "technology capacity" in local 
regions. The work under way to strengthen the 
S&T infrastructures in the municipal, provincial, 
and interprovincial domains will clearly contrib­
ute to Canada's competitive capabilities. This 
trend is taking diverse forms: metropolitan tech­
~ology ~ouncils, locally designed technology and 
industrial strategies, outreach arrangements with 
other subnational entities (e.g., twinning agree­
ments, bilateral exchanges, and so on). The 
Science Council's work on "technology engines" 
has led to considerable efforts in Canada's regions 
to bootstrap our S&T infrastructure." One can 
expect an increase in such initiatives as local 
communities upgrade their infrastructures to 
address the competitive pressures from abroad. 
Marshall Cohen, president and chief executive 
officer of Molson Companies Ltd., has summa­
rized the issue well: 

The most appropriate political frame of ref­
erence for developing clusters of excellence 
may be one that combines an overarching 
arrangement...with smaller but more active 
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regional and local entities. The important point 
about these regional economies is that they will 
look outward to the global economy, rather 
than to national capitals, as the main force in 
shaping their economies." 

Conclusion 
This section has focused on selected areas of 
infrastructure important to scientific and techno­
logical development. It has omitted extensive ­
commentary on other critical areas of infrastruc­
ture such as regional development, regulation, 
rewards, international technology-transfer mech­
anisms, venture capital, and the environment for 
risk, not because these are unimportant, but 
simply because time and space would not allow 
us to develop these themes further. 

It has also left discussion of the most important 
element of infrastructure - education and its sup­
port institutions - to another section. As Louis 
Berlinguet, president of the Conseil de la science 
et de la technologie du Quebec warns, 

These last few years have seen a substantial 
increase in infrastructure expenditures, as 
evidenced by the growing numbers of research 
centres and laboratories...and the many gov­
ernment measures to assist R&D. But to be 
effective, these measures must be accompanied 
by an even greater increase in the numbers of 
highly qualified personnel ready and able to 
contribute to the processes of technological 
innovation [Translation]." 

Lessons to be learned from recent events and 
opinions related to Canada's S&T infrastructures 
are: 

•	 Maintenance and upgrading of our country's 
national assets in scientific research and 
industrial innovation are essential to national 
prosperity. 

•	 The national debate is consumed by questions 
relating to relevance, efficiency, accountability, 
and coherence. As a result, development of the 
infrastructure is seen by many only as a means 
of improving our national economy and 
international linkages. 

•	 The environment for science must be upgraded 
to get Canada's science base out of the quag­
mire. The opportunity exists to tum things 
around in the new context for Canadian 
competitiveness. 
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•	 The scientific and technical communities, as 
well as the policy brokers, have a responsibility 
to provide clear communication and argument 
in building the national vision required for our 
country. 

•	 Funding will help in some cases. In others, 
innovation in designing infrastructure will be 
required. In the end, the right signals have to 
be provided to allow scientists, engineers, 
mathematicians, policy makers, entrepreneurs, 
economists, industrialists, and other stakehold­
ers to contribute fully in designing the architec­
ture for national prosperity. 

Ultimately, a better appreciation of the differ­
ences between how science is conducted, and 
how industrial innovation takes place, is required. 
Innovation is not a simple process of develop­
ment from fundamental research, through 
applied science and technological development, 
to the design and manufacture of new products 
or processes. It is much more complex than that. 
A more sophisticated understanding of the dis­
tinction between science and innovation would 
greatly benefit both, and might considerably 
improve the design and coherence of framework 
policies for Canada's scientific and technical 
infrastructure. 

For this, the bickering will have to stop. The 
mudslinging and cynicism that have prevailed in 
the past with government blaming industry, 
industry blaming government and academe, and 
labour being marginalized in the national debate, 
have been counterproductive. A more construc­
tive dialogue will have to be fashioned if science 
and technology are to take their rightful place as 
vital components of a new economy. 
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4. Environmental Impacts of Science and Technology
 

Slowly but surely we in Canada are embracing 
the notion of sustainable development. It is 
against that yardstick that decision makers are 
increasingly measuring the impacts of policies, 
priorities, and spending directed at science and 
technology, trying more and more to ensure that 
today's actions do not compromise the quality 
and resilience of our environment for future 
generations. 

Sustainable development is seen as the ulti­
mate determining factor in our ability to achieve 
the global environmental conditions we value 
and need. In so doing it links domestic Canadian 
activities and values with those of other nations 
and recognizes the interdependencies of nations 
and ecosystems. The notion of sustainability is 
setting new parameters for private and public 
sector policies, priorities, and spending directed 
at the development and use of science and tech­
nology today. 

For some, sustainable development implies 
that there will be integrated consideration of en­
vironmental and economic factors when policies 
are made, thereby balancing the hitherto environ­
mentally unsustainable drive for economic 
growth with a keen sense of responsibility for 
the scrupulous stewardship of the environment. 
Some others see sustainable development as 
precluding economic growth. For a third group, 
sustainable development implies that the environ­
ment can be preserved without compromising 
economic growth and that, in fact, ensuring en­
vironmentally sustainable economic development 
requires the technological advance and wealth 
that is generated by continued economic growth. 

The debate is seizing citizens, social scientists, 
and environmentalists worldwide, and in the 
process traditional economic models are being 
challenged and changed. Wherever one sits in the 
debate, however, the integrity and quality of the 
environment is taken as an essential objective. 
Despite the wide range of views, there is evidence 
that many elements of the philosophy of "sustain­
able development," including the integration of 
long-term environmental considerations into all 
aspects of a company's business, are being taken 
seriously by industry and government in Canada. 
Some businesses have adopted the attitude that 
helping to maintain a healthy environment is 
simply good business practice. 

The sustainable development challenge has 
been recognized globally.1 Following from the 
work of the World Commission on Environment 
and Development (the Brundtland Commission).' 
there is broad recognition of the threat to the 
quality of life and even the survival of humanity 
if the environment is not integrated into our 
thinking about the economy and competitiveness. 
Countries around the world are currently prepar­
ing for the United Nations Conference on Envi­
ronment and Development (or Earth Summit) 
to be held in Rio de Janeiro in June 1992. The 
summit is expected to attract more than 100 
presidents, prime ministers, and other national 
leaders in a quest to sign an "Earth Charter" of 
environmental and economic principles and in 
an attempt to develop an agenda for achieving 
sustainable development in the 21st century 
("Agenda 21"). It is not yet clear, however, that 
domestic Canadian actions and attitudes are 
developing in accordance with this global vision. 

Science and technology affect much more than 
our physical environment; they have profound 
social, cultural, and economic effects as well, 
touching on every aspect of our lives. Even 
confining this discussion to some of the broad 
environmental impacts of S&T is no easy task, 
and we hope that what follows will at least set the 
stage for more focused analysis in future reports. 
Here, we will concentrate not on science and 
technology themselves, but on the way they are 
deployed and managed in relation to what we 
perceive to be Canadian environmental values 
and principles. 

Progress? 

The year 1991 brought many initiatives from all 
sectors of society, including governments, busi­
ness people, academics, consumers, and others. 

The $3 billion Green Plan is the prime vehicle 
for the federal government's six-year national 
environment strategy.' Since its December 1990 
unveiling there have been announcements of 
numerous multimillion-dollar initiatives with 
potentially sweeping implications for the devel­
opment and use of science and technology (see 
box). These range from clean-up technology 
programs such as a $100 million restoration of 
British Columbia's Fraser River, to research 
efforts such as a $25 million study of ozone layer 
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depletion over the Arctic, to preventive technol­
ogy programs, including a $100 million program 
to accelerate development and demonstration of 
commercially viable pollution abatement tech­
nologies and a $50 million fund to promote multi­
disciplinary ecosystem research and research 
training. An extensive assessment is premature; 
many of the six-year initiatives are still in devel­
opment or in early phases. In general, however, 
the individual initiatives have been well received 
despite continuing questions. Some of the ques­
tions relate to the lack of a clear overarching 
conceptual framework, to the integration of what 
appear to be piecemeal efforts, and to the feasibil­
ity of the rate of change for industry. 

New environmental assessment legislation, 
another critical feature of the Green Plan, also 
received attention in 1991. A comprehensive 
package of reforms to the federal environmental 
review process was first introduced in Parliament 
in June 1990. As part of the package, the federal 
government made commitments to amend pro­
ject environmental assessment legislation and to 
assess the environmental implications of all new 
policy and program submissions coming before 
Cabinet for approval. But before these actions 
could be taken, a method to perform environmen­
tal assessment reviews of policies was required. 
As of late 1991,a House of Commons legislative 
committee was conducting a clause-by-clause 
review of an environmental assessment bill. 
Assessment of progress on the legislative front 
must await a future review. 

In 1991, the federal government also an­
nounced new regulations, first proposed in 1990, 
to virtually eliminate the discharge of furans and 
dioxins in pulp mill effluent.' The new regula­
tions are part of the government's promise made 
in the Green Plan to beef up enforcement of the 
Canadian Environmental Protection Act. The 
federal government expects all companies to 
comply with the new pulp mill regulations by the 
start of 1994. 

Some federal initiatives to foster sustainable 
development were announced prior to the Green 
Plan. For example, the Department of Fisheries 
and Oceans planned to spend $38 million in 
1991-92 to support the Atlantic Fisheries Adjust­
ment Program, a key element of which is dedi­
cated to scientific research geared to rebuilding 
stocks of northern cod.' 

Provincial and territorial governments have 
also responded to the sustainable development 
challenge, particularly with initiatives in the area 
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of environmental regulations. For example, in 
September 1991 Ontario announced that it will 
toughen a set of rules that was established six 
years ago to curb pollution, but never used. The 
new version of the regulations will also restrict air 
pollution and ban some industrial chemicals. The 
regulations will come into effect gradually, but at 
the time of the announcement Ontario did not 
release a timetable. In September 1991, Quebec 
announced that pulp and paper mills will be 
required to upgrade facilities by the end of 1996 to 
meet a new set of tougher pollution laws backed 
by hefty fines." The upgrading was expected 
to cost $1 billion. As part of its plan to cut the 
10 million tonnes of trash going to Ontario dumps 
each year by at least 25 per cent by 1992 and at 
least 50 per cent by the year 2000, Ontario pro­
posed legislation requiring businesses, industries, 
and public institutions to separate their garbage 
for recycling beginning in the summer of 1992,7 
and requiring companies that manufacture food, 
beverages, paper, and chemicals to make plans 
for reducing the amount of packaging they use or 
produce. These initiatives demonstrate the 
pervasiveness of the sustainability ethic, but the 
feasibility of implementing them has yet to be 
fully demonstrated. Such initiatives do, however, 
provide opportunities for novel applications of 
science and technology for new, more efficient 
processes and products that reduce waste at 
source, provide for easy recycling, and enhance 
reuse - the "three Rs" of sustainability. 

Municipal governments have also been active. 
For example, in 1991 the city of Toronto released a 
Declaration on the Environment. This ambitious 
initiative sets fundamental objectives and guiding 
principles that serve as an overall framework 
within which the municipal corporation and 
individual departments can operate in a coherent 
fashion with respect to environmental concerns. 
The city urged all members of the community to 
adopt its principles. 

The response of the private sector to the emer­
gence of the sustainability ethic has been one of 
the more interesting aspects of the past year's 
events. For example, there seems to have been 
real movement in the thinking of business on 
public accountability, observable through annual 
statements of intention and report cards on pro­
gress. Noranda Forest produced its first environ­
mental report in 1991. Dow Chemical Canada has 
produced annual environmental progress reports 
for the past three years. Corporate environmental 
reporting is a new approach to public account­
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Box J. AnnouncenJen#S of Green Plan Initiatives, J99J 

In March - $25 million to prevent toxin release into the Great Lakes and St. 
Lawrence basin - by developing strategies with industry and municipalities that 
spell out targets, schedules, and actions; by demonstration projects (as well as seed 
money for industry) to test new pollution prevention technologies; and by a public 
awareness campaign. 

In June - $100 million to clean up B.C.'.s Fraser River - $14 million for research on 
the persistence and impact of toxins placedin the river, $15 million for partnerships 
(suchas sustainable development demonstration projects),$Z7,8tnillion for 
pollution cl~(lnt1P/.and$57.2 million to restore the natural environment. 

In Jttne .... $100 million for a new marine environmental emergencies response 
strategy to .deal with disasters like 1990's Exxon Valdez oil spill off the Pacific coast: 
$36 million to be spent on prevention, $60 million on preparedness, and $4 million. 
on new policy. 

In August-.$25 million to help protect the ozone layer: $9.2 million to hasten the 
elimination of ozone-depleting substances and $15.8 million to boost Canada's 
ability to study and monitor the vulnerable arctic ozone layer. 

In September - $100 million to foster sustainable development of the country's 
forests. The program will create up to eight model forestry areas across Canada 
where a mix of commercial exploitation, recreation, and scientific studies will be 
conducted. 

In September - $50 million to create a series of environmental studies fellowships, 
research chairs, and ecosystem research grants within the nation's universities. 

In October - $100 million to help business develop pollution abatement 
technologies for domestic and international markets. 

In November - $25 million to establish an emergency team to respond to spills of 
hazardous chemicals and oil anywhere in Canada, and for spills research and the 
development of cleanup instruments and techniques. 

In November - $10 million to monitor and minimize the dumping of garbage into 
the ocean. 

In November ­ $25 million to reduce the garbage and hazardous waste produced by 
Canadians, 

Source: Environment Canada news releases. 

ability by industry and is in itself an accomplish­
ment. Firms often use the reports to argue their 
positions on various controversial environmental 
issues, but they also highlight accomplishments 
and problem areas, and address energy efficiency 
gains, recycling efforts, and environmental R&D 
programs. The evidence indicates that at least 
some firms in Canada are placing increasing 
importance on the integration of environmental 
concerns within the usual processes of business 

management, with an emphasis on the develop­
ment of more environmentally benign processes 
and products. 

Another indication of industry's response in 
the past year is its willingness to participate in 
serious consultation and consensus building 
with environmentalists on major environmental 
problems. An example is the work of the New 
Directions Group, which consists of top execu­
tives from several of Canada's industrial giants, 
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including Dow Chemical Canada, Noranda Inc., 
E.B.Eddy, Nova Corp., Dofasco, and Dorrtinion 
Textiles, and environmental groups, including 
Pollution Probe, the Canadian Nature Federation, 
the Canadian Institute for Environmental Law 
and Policy, and the Canadian Arctic Resources 
Committee. In September 1991 this group deliv­
ered an action plan to the federal government to 
eliminate dumping of toxic chemicals." The plan 
calls for action on two fronts - to immediately 
establish a national inventory of pollution emis­
sions as described in the Green Plan, and to 
initiate a process for targeted reductions, includ­
ing the phasing out of some substances by the 
year 2000.9 This is a landmark action plan; it will 
be interesting to see whether consumers will be 
willing to pay the price for its aggressive and 
visionary measures. 

In November 1991, Canadian packaging man­
ufacturers announced they will spend more than 
$1 billion to follow a voluntary code of preferred 
packaging practices that will reduce the amount 
of packaging going into landfills. The target is 
to cut the current amount of about nine million 
tonnes a year in half by the year 2000.10 The move 
could spell an end to such things as toothpaste 
boxes, plastic bubble or blister packages, and 
nonrefillable containers for everything from glue 
to oil. 

It is far too early to assess the implications of 
public and private sector sustainable develop­
ment initiatives announced over the course of 
the past year. So many are statements of purpose, 
new programs, or proposals for policies and tar­
gets, and few have had the benefit of full imple­
mentation. But opinions that have been voiced 
to date range from praise, albeit somewhat 
tempered, to condemnation. 

For example, Ontario's proposed waste 
reduction legislation was welcomed by environ­
mentalists, who praised the government for doing 
"pretty well" what it promised in mandatory 
source separation and recycling." The Green 
Plan's $100 million program to clean up British 
Columbia's Fraser River was seen by environ­
mentalists as "very positive," provided it did not 
lead to yet more studies." Still others expressed 
optimism owing to the steady pace of announce­
ments on Green Plan spending decisions, but 
feared that the six-year federal environmental 
strategy is a grab-bag of umelated programs with 
no overall objective. 

On the other hand, sustainable development 
initiatives have been condemned, in particular by 

industry and labour, because of their potential for 
business closures and job losses. For example, 
Ontario's proposed waste reduction legislation 
was seen as placing an onerous burden on thou­
sands of small firms already struggling because of 
the recession." Quebec's new pulp and paper mill 
effluent standards were viewed by one industry 
spokesman as financially impossible: some plants 
would be forced to close." The federal govern­
ment's new pulp mill effluent regulations also 
were criticized by the forest industry for being 
too expensive. 

The capital cost of changing production pro­
cesses or installing pollution controls will no 
doubt pose a challenge to the ability of Canada's 
forest industry to remain competitive in the 
global marketplace, but one must ask if the indus­
try paid adequate attention to the changing tenor 
of public attitudes and expectations in those years 
of good returns on investment. In the rush to 
become more competitive, most forest companies 
are now slashing spending wherever possible, 
including severe cutbacks in their R&D opera­
tions." It would perhaps be timely to remember 
Michael Porter's contention that global competi­
tiveness can be fostered by innovation that 
responds to stiffer environmental regulations." 
Canada has both the stimulus through tough 
regulations and the competence to be a leader in 
many environmentally benign technologies. 
International trade shows such as Globe '92 
in Vancouver, and Investment Canada's aggres­
sive promotion of foreign partnerships in such 
technologies as waste-water treatment and 
bioremediation, showcase Canadian strengths 
that should be further developed if we are to gain 
market leads over our competitors. 

Corporate threats to close factories often 
succeed in mobilizing workers and communities 
to oppose firmer regulatory policies, and this 
often results in the delay of new regulations - a 
delay typically attributed to the need for more 
study. For example, Environment Canada an­
nounced in December 1991 that although it would 
go ahead with regulating dioxins and furans in 
pulp mill effluent, two more years of study would 
be needed before it could decide whether to regu­
late all remaining chlorinated organic compounds 
- a family of more than 1000 compounds in waste 
water from pulp mills - even though they were 
originally scheduled to be strictly controlled 
under the new pulp mill regulations." Is this 
a case of a premature policy action that was 
not preceded by adequate consultation and 
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investigation of feasibility, or a case of delaying 
the inevitable? 

While there are undoubtedly examples of new 
environmental laws throwing workers out of 
their jobs and decimating the economic base of a 
community, the question may be as much one of 
when, not whether, such industries will be forced 
to change or go out of business. As noted by a 
recent Worldwatch Paper, 

Polluting industries are at best a marginal­
and now shrinking - source of jobs.... Even in 
the absence of environmental policies, many 
of these jobs are disappearing." 

Surely Canada must seize the opportunities 
inherent in public attitudes towards sustainabil­
ity, not just live with the consequences. 

Or Is It Just Business as Usual? 

At the same time as many decisions consistent 
with sustainability are being made, other deci­
sions on policy, priorities, and spending directed 
at the development and use of science and tech­
nology are being made that contradict sustainable 
development principles. 

In a report card released to coincide with the 
opening of the 1991 summit of the seven major 
industrialized nations, a consortium of environ­
mental groups gave Canada poor marks on 
almost all aspects of environmental protection, 
save public relations: 

Canada's marks on a wide array of relevant 
environmental topics, ranging from interna­
tional relations to actual pollution control 
measures reflect very little action - so far. In 
particular, performance on the key problems 
of water pollution, waste management, agri­
culture, global warming, and transportation 
dragged scores way down. Even relatively 
good marks in global relations were marred 
by very low grades in trade relations." 

The GECD's Stateof the Environment report 
for 1990 gives Canada some of the worst marks 
among the 24-member group of industrial nations 
in many of its 18 environmental indicators." For 
example, Canada was ranked fourth worst out of 
21 GECD countries in per capita production of 
municipal waste; third worst out of 21 in growth 
of the use of nitrogenous fertilizers on arable land; 
the worst for per capita sulphur oxide emissions; 
second worst for per capita nitrous oxide emis­

sions; worst for production of nuclear waste per 
total primary energy requirements; and worst for 
per capita energy consumption. 

In its Environmental Assessmentof theFederal 
Budget, Resource Futures International analysed 
the 1991 budget and spending estimates in 
energy, agriculture, and regional and industrial 
development to determine their environmental 
impact. It reported that the government planned 
to spend $731.6 million in 1991-92on programs to 
support industries that supply fossil fuels and 
nuclear power, but just $34.7 million encouraging 
energy efficiency." Similarly, it noted that the 
huge costs of cleaning up pollution caused by 
burning fossil fuels are not taken into account 
when the government subsidizes oil and gas 
megaprojects such as the Hibernia field off the 
coast of Newfoundland. And more than 80 per 
cent of agricultural funding was seen as going to 
environmentally destructive programs, with less 
than 20 per cent going to controlling soil erosion 
and other sustainable agricultural initiatives. 

But by selectively describing isolated indica­
tors, these reports can be misleading. What are 
most relevant are those reports that place the 
micro-indicators (e.g., the growth in the use of 
nitrogenous fertilizers) in the context of the 
broader ecosystem being examined (e.g., the 
overall nutrient balance and soil quality) and 
tha t in tum examine both the economic and the 
environmental side of the balance sheet. There is 
rarely an inherent rightness or wrongness to the 
use of a "tool" such as a fertilizer or a pesticide. 
It is the overall outcome relative to the goal of 
environmental and economic sustainability that 
must be the operational focus. 

In its report card released in September 1991, 
the World Wildlife Fund gave universally low 
marks to the federal, provincial, and territorial 
governments for protecting wilderness in 
Canada. The report says that Canada lags behind 
many other countries, including the United States, 
Australia, and Costa Rica, in saving wild areas. 
It notes that even though in the Green Plan the 
federal government adopted the goal of preserv­
ing at least 12 per cent of Canada's lands and 
waters as wilderness and pledged to complete 
the national parks system by the year 2000, no 
progress had been made toward the goal in the 
past year. Only 3.4 per cent of Canada was pro­
tected as wilderness, the same amount as the 
year before. Instead, the report notes, in 1990-91 
Canadian governments promoted some of the 
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largest developments in the world, including 
hydroelectric dams in Quebec, pulp mills in 
Alberta, and a copper mine in British Columbia." 

Similar conclusions were reached in a report 
also released in September 1991 by the Canadian 
Environmental Advisory Council. The report says 
that Canada's national parks are under threat. It 
notes that logging, acid rain, pulp mill pollution, 
and underfunding are contributing to the degra­
dation of the parks system." 

In a report released in February 1991, a Ll.S. 
and a Canadian environmental group noted that 
"levels of problem toxics in the Great Lakes are 
no longer declining, and some measurements 
indicate that the most hazardous forms of some 
chemicals are actually increasing.'?' Meanwhile, a 
report on the Great Lakes from the International 
Joint Commission warned that "there is a threat 
to the health of our children emanating from our 
exposure to persistent toxic substances, even at 
very low ambient levels."25 

In studies released in February 1991, both the 
industry and the Ontario government reported 
that 20 of Ontario's 27 pulp and paper mills are 
discharging effluents, including dioxins and 
furans, in their waste water that are toxic enough 
to harm wildlife." Environmentalists in Europe 
and Canada have been urging Europeans not to 
buy Canadian forest products until they are free 
of chlorine and chlorine dioxide. Chlorine, used in 
the paper bleaching process in Canadian pulp 
and paper mills, produces many by-products 
including dioxins, furans, and other organochlo­
rines. Particular product targets include dispos­
able diapers in Britain and chlorine-bleached 
paper in Germany. 

The movement for chlorine-free pulp and pa­
per got a boost in Germany in March 1991 when 
Greenpeace published Das Plagiat, a takeoff on 
DerSpiegel, the country's giant weekly news­
magazine. It was printed on paper made entirely 
from chlorine-free pulp supplied by a Swedish 
mill, and included highly critical articles about 
British Columbia's pulp industry practice of 
dumping dioxins and furans into the Thompson 
River. The environmentalists' campaign has 
already had an impact on Canadian pulp produc­
ers. Some German buyers of B.C. pulp have 
stopped purchasing products that are bleached 
with some types of chlorine. As a result, some 
British Columbia companies have lost sales." 
However, recent news reports of a trial chlorine­
free process being instituted by Howe Sound 
Pulp and Paper Ltd. in British Columbia are 
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indicative of industrial will to respond to the new 
societal values using science and technology as 
part of the solution." 

The Canadian forest industry also faces the 
threat of a European boycott of its forest products 
over the clearcutting of old-growth forests, par­
ticularly those on the British Columbia coast. Talk 
of a European boycott of Canadian forest prod­
ucts began surfacing in June 1990. Fears of a boy­
cott grew after an illustrated article appeared in 
the September 1990 issue of National Geographic 
describing British Columbia's logging practices as 
among the world's worst; the airing in March 
1991 on German prime-time television of a docu­
mentary, "A Paradise Despoiled," calling British 
Columbia the "Brazil of the North" in reference to 
that country's environmental record with its 
rainforests; a highly critical piece on British 
Columbia's logging practices was published in 
the May-June 1991 issue of Sierra, the magazine of 
the U.s.-based Sierra Club; and a two-page spread 
appeared in the July 1991 issue of Timemagazine 
talking of the destruction of British Columbia's 
temperate rainforests. Is the problem as serious as 
the media contend? Whatever the truth, public 
attitude is being polarized. One side sees the 
public as being manipulated by the unscrupulous 
media; the other sees the industrial forest giants 
as a machiavellian force. Issues are rarely as "clear 
cut." Recent discussions between representatives 
of the Canadian forest industry and the European 
Community have reinforced what many sus­
pected - that we have been exposed to two sets of 
extremist views of a serious situation. But it is a 
situation that is being tackled by our forest 
industry, if more slowly than society demands. At 
year end 1991, representatives of the EC were not 
demanding a boycott. 

Policy and project environmental assessments 
have fuelled the most heated environmental 
criticisms of the past 12 months. Whereas once 
environmental assessment was simply a way to 
react to concerns about certain large projects, 
it is now expected to be a proactive process that 
addresses the multifaceted and long-term issues 
that surround the notion of sustainable develop­
ment. It also opens up the very touchy issue of 
federal versus provincial jurisdiction. Public 
wrangling over jurisdiction undermines the fed­
eral government's credibility with the Canadian 
public over its plans to finally pass new environ­
mental assessment legislation aimed at ensuring 
all major resource and industrial projects are 
reviewed. 
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Because it was not specifically mentioned 
in the 1867 Constitution, jurisdiction over the 
environment, now shared by federal and provin­
cial governments, has a history of being disputed. 
In its September 1991 constitutional proposals, the 
federal government proposed that the environ­
ment be mentioned in the Constitution in a 
"Canada Clause" in the preamble, which would 
describe who Canadians are and what they 
believe in. But the government did not propose to 
incorporate reference to the environment in other 
sections." Environmental lawyers contend that 
by not defining who has jurisdiction over the 
environment, the federal government has missed 
a chance to make murky waters much clearer." 
Some provinces are concerned that their rights to 
local development and self-determination are 
being jeopardized. 

There is also concern that many federal policy 
decisions are made before their environmental 
implications are assessed. According to Liberal 
MP Charles Caccia: 

Successive energy budgets are making us 
increasingly dependent on non-renewable 
sources while virtually ignoring renewable 
forms of energy.... In the case of cuts to 
Via Rail, the environmental implications 
actually emerged as an afterthought.. .. More 
recently, we have been told by the minister 
of the environment that the proposed North 
American free trade agreement with Mexico 
and the United States will be examined for 
its environmental impact after the agreement 
is negotiated." 

Moreover, it is argued that, to date, the federal 
government's current dialogue on national pros­
perity, intended to drive future economic policy 
decisions, lacks an in-depth understanding of the 
links between sustainable development and com­
petitiveness. Comparable questions have been 
raised by the Michael Porter study on competi­
tiveness." In the 1991 annual report of the 
National Round Table on the Environment and 
the Economy, the chairman notes: 

There has been little public focus on the rele­
vance of sustainable development to the de­
bate. This may be due to the prevailing belief 
that sustainable development is an impedi­
ment to competitiveness or a luxury Canada 
can afford only when we have a more secure 
competitive position in export markets." 

The chairman of the National Round Table 
rejects that belief. Instead, he says: 

Canada can aspire to leadership in the technol­
ogy and design of new products and services 
for which demand will grow as the world 
economy recognizes and adapts to the impor­
tance of sustainability." 

The federal government recently commis­
sioned the National Round Table on the Environ­
ment and the Economy together with the Institute 
for Research on Public Policy to conduct a 
detailed study to examine the linkages, conver­
gences, and divergences between competitiveness 
and sustainability, and the manner in which 
strategies might be harmonized to achieve 
sustainable economic development in a global 
environment.35 

The pattern of making important policy and 
project decisions before assessing the implications 
for the environment has generated public ire at 
other levels of government. For example, in early 
1991 the Quebec government indicated it in­
tended to go ahead with the construction of 
needed roads, airports, and other infrastructure 
for the $12.6 billion Great Whale hydroelectric 
project in northern Quebec without waiting for 
federal environmental assessment. In August, 
the Quebec government delayed the start of the 
project for a year, and in October it announced 
that it would conduct an all-inclusive environ­
mental impact study of the development. But this 
was only after the international press had focused 
on the issue, causing Quebec major international 
embarrassment. Proceeding with large resource 
and industrial development projects without 
environmental assessments is no longer accepted 
by Canadians. Public attitudes have changed 
even more rapidly than political decision-making 
systems. It is not clear, however, whether the 
public is fully aware of the implications of its 
concerns in terms of increased taxes or cuts in 
public services. 

Climate change is widely considered to be the 
environmental problem that potentially has the 
most far-reaching long-term consequences for 
the planet. In fact, the issue of climate change is 
expected to be one of the central focuses of the 
Earth Summit in June. Canadian leadership in 
the organization of the summit is evident. A 
Canadian, Maurice Strong, is Secretary General 
of the conference and several federal government 
officials are playing a catalytic role in developing 
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elements of the agenda. Although the outcome of 
the conference is by no means certain, the vision 
and international stance of the Canadians in­
volved has yet to be matched on the domestic 
front. The federal government is already commit­
ted to capping carbon dioxide emissions - the 
main culprit in the gradual warming of the earth 
- at 1990 levels by the year 2000, but has been 
criticized for not producing an action plan on 
how this is to be achieved. If current trends con­
tinue, emissions will rise substantially. A National 
Energy Board 20-year forecast shows that our 
growing use of oil, natural gas, and coal will 
continue to accelerate carbon dioxide emissions. 
Canada produced 533 million tonnes of carbon 
dioxide in 1989; the NEB says by 2010 we will 
be adding 675 million tonnes a year to the earth's 
atmosphere." 

In a unanimous report released in March 1991, 
the House of Commons Standing Committee on 
Environment noted that although Canada's per 
capita contribution to greenhouse gas emissions 
is higher than that of any other major country, 
"the national action that has been taken so far 
is widely perceived to be tentative and inad­
equate."37The committee described programs to 
improve energy efficiency and promote cleaner 
alternatives as "half-hearted and intermittent."38 
Federal spending on energy efficiency between 
1984 and 1988 fell by 80 per cent," and major 
fossil fuel developments continued to receive 
billion-dollar subsidies. The federal government 
is under pressure from environmental groups to 
commit to a 20 per cent reduction in carbon diox­
ide emissions by the year 2005 prior to the Earth 
Summit in June. Meantime, the oil industry has 
been sounding alarm bells that restraining the 
burning of fossil fuels to curb carbon dioxide 
emissions will hurt the economy. A recent 
Imperial Oil study said stabilizing emissions 
by imposing a heavy tax on them would slash 
Canada's gross domestic product by $100 billion 
over 15 years." What action should be taken, 
what are the costs and benefits of various options, 
and how quickly should Canada proceed? 
These are difficult questions, and to answer 
them all facets of the balance sheet will have to 
be considered. 

Positive Signs, But a Long Way to Go 

Inevitably the question is this: Do we have reason 
to be optimistic about the possible contributions 
of science and technology in solving our environ­

mental problems and maintaining a clean and 
healthy environment? And will our public policy 
measures be up to the challenge? 

Although solutions to many ecological prob­
lems seem dishearteningly far away, improve­
ments are being made. For example, the Canadian 
Coalition on Acid Rain recently declared a victory 
and plans to wind down after a decade of fighting 
acid precipitation. It feels that its efforts to protect 
the nation's trees and lakes are paying off, and 
that it has achieved its main goal. The quantity of 
sulphur dioxide emanating from smelters, indus­
trial smokestacks, and coal power plants fell 12.5 
per cent in eastern North America from 1980 to 
1987. According to the 1990 report of a federal­
provincial government research and monitoring 
committee, these drops have begun to cut the acid 
levels in rain and snow by as much as 30 per cent 
in some areas of eastern Canada. The decline in 
acid precipitation will be even more dramatic 
after 1995, when the effect of rulings in Canada 
and the United States calling for sulphur dioxide 
emissions to be cut by 50 per cent by 1994 from 
their 1980 base will have begun to show." 

It is equally obvious that there is still a long 
way to go. Public and private sector policies, pri­
orities, and spending directed at the development 
and use of science and technology are still having 
little impact in alleviating environmental degra­
dation. Industry, government, and the public are 
increasingly acknowledging that great changes lie 
ahead. Fundamental changes in the way products 
are produced, consumed, and disposed of are 
unavoidable, and the scientific and technological 
opportunities are far from exhausted. 

The challenge is to take action today. We must 
develop goals and action plans even though there 
are gaps in our knowledge and inadequacies in 
our ability to monitor and assess environmental 
impacts. The costs of inaction are too high to ac­
cept extended delays. We must move ahead now 
with both action plans and a forward-looking 
research agenda. This research agenda must 
tackle the need for an improved portfolio of 
environmental indicators and probe the gaps in 
our knowledge of the links between human and 
natural effects in ecosystems. We must train 
people capable of dealing with complex, multidi­
mensional scientific problems and responsibly 
communicate scientific knowledge to the public. 
We must reassess the balance between such 
things as green spaces and urban areas, between 
the scientific and technological and the societal 
and cultural sides of the equation. But most of all, 
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we must develop a visionary approach to sustain­
able development, an approach that all Canadians 
can support and to which the science and technol­
ogy community can contribute. 
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5. New Frontiers
 

Everywhere these are exciting times on the fron­
tiers of science and technology, but they have 
produced a certain discontinuity. On the one 
hand, governments increasingly see advances in 
science, engineering, and medicine as powerful 
instruments for social change and comparative . 
advantage in a hotly competitive global economy. 
On the other hand, scientific, medical, and techno­
logical enterprises are beset by organizational, 
institutional, and professional challenges arising 
largely from public expectations - expectations 
fuelled by the pace of discovery and by the im­
pact of innovation. Indeed, public pressures on 
the institutions supporting the pursuit of scientific 
knowledge and technological advance have come 
to have just as much if not more weight than 
the agendas traditionally set by the research 
community itself. 

It is largely a question of accountability, and 
the debate - a very healthy debate - is hardly 
unique to Canada; it is under way in all the indus­
trial nations. In the United States, the president of 
the American Social Science Research Council, 
Kenneth Prewitt, has summarized the situation 
as follows: 

As science and technology have pervaded the 
public agenda, then the deeply held political 
values of democratic accountability and public 
scrutiny have naturally and inevitably im­
pinged on science policy. Demands for observ­
able benefits from public investment in science 
increase. And there are expectations that sci­
ence should be subjected to the same principles 
of regulation and accountability as govern 
other important sectors of public life.... It is too 
late for science to evade the consequences of 
the participatory democratic culture in which it 
is practised and from which it draws support.' 

In the following pages we sample some of the 
activity on the new frontiers of science and tech­
nology and trace the developments in Canada's 
thinking about emerging science and strategic 
technology. To illustrate some of the issues, we 
focus on events in biotechnology and space. In 
addition, we examine the "big science, little 
science" problem (a dilemma for every small 
country like Canada), with particular reference 
to the controversial KAON project. 

Intemational Trends 

The push for accountability and the contest be­
tween "megascience" and "modest science" are 
only two of several signs that the research com­
munity is under considerable pressure. Others 
include (in no particular order): the increasing 
complexity and cost of forefront research instru­
mentation, techniques, and facilities; the inability 
or unwillingness of the scientific and technical 
communities to set their own priorities within the 
context of the current public policy environment; 
the emergence of the concepts of "strategic" re­
search and"strategic" (or"critical" or "emerging" 
or "generic") technologies and their implications 
for the management of technology; the transfor­
mation of knowledge for the "public good" from 
a cultural investment to a commodity; the rise 
of multinational partnerships and the develop­
ment of research networks; and the clamour 
for increased public scrutiny of the impacts of 
frontier science. 

In the Western industrial economies these de­
bates are conditioned by each country's political, 
economic, and research systems and the ways 
that science, technology, engineering, and medi­
cine are practised. In the United States the debate 
is about priority-setting mechanisms in science, 
the need for a critical technology strategy as a 
result of the perceived erosion of the country's 
technological leadership, scientific integrity, over­
head costs for research, and the ability to meet 
expectations as a reliable international partner 
in S&T (particularly in big science).' 

Japan, while defending its system against 
charges of technological protectionism, is under 
pressure to contribute more to the world pool 
of basic scientific knowledge.' Germany is trying 
to absorb the S&T capacity of the old German 
Democratic Republic while simultaneously 
adjusting to the pressures of a single European 
market. Switzerland, historically one of the largest 
spenders in R&D (at least on the basis of gross 
national product), is concerned about the increas­
ing tendency of domestic multinationals to move 
their research operations overseas; as a conse­
quence, the Swiss have introduced new measures 
to strengthen the home base for science and tech­
nology. Britain is preoccupied with a funding 
crisis in basic research, the "brain drain," and 
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issues related to dual-use technologies (i.e., the 
conversion of defence R&D systems to civilian 
applications). 

Meanwhile, the frontiers of knowledge conti­
nue to advance. A distinguishing feature of much 
frontier activity is intense interdisciplinarity. 
Success requires close cooperation among an in­
creasing number of specialists. For instance, the 
Japanese Agency of Industrial Science and Tech­
nology is sponsoring a Ifl-year project to conduct 
fundamental research on micron-scale machines 
(which can have applications as diverse as non­
invasive diagnostic tools in medicine, or devices 
designed to carry out inspection and repair in 
restricted spaces, such as aircraft engines).' 

Over the past year, one of the most exciting 
chemical discoveries emerged from a joint 
American-German scientific team which found a 
simple method for producing carbon 60. Named 
buckminsterfullerene (after the American archi­
tect), but known as the "buckyball" because of its 
soccerball-like structure, the molecule is already 
being touted as having significant potential for 
application in lubricants, batteries, drugs, mag­
nets, and superconductors. The American journal 
Science has designated this 1991 discovery as 
"Molecule of the Year." 

In fusion energy research, work is under way 
to develop the next generation of experiments 
for a proposed International Thermonuclear 
Experimental Reactor by building on the work 
of such facilities as the Joint European Torus in 
the United Kingdom and the Tokamak facility 
in Varennes, Quebec. In 1991 the European facil­
ity succeeded in demonstrating the technical 
feasibility of nuclear fusion. And the list of 
advances goes on. 

The Canadian Scene 
The frontiers debate in this country has necessar­
ily been coloured by the constitutional challenge, 
recovery from recession, and the struggle for 
competitiveness." These issues have proven in­
escapable in the effort over the past year to iden­
tify and enhance, for example, niche capabilities 
in health care, biotechnology, new materials, 
remote sensing, and advanced manufacturing 
technology. Expectations in these areas, in tum, 
place added pressure on the underlying research 
base to help provide ideas, linkages to interna­
tional networks, and skilled personnel. One way 
or another, competitiveness and constitutional 
matters also impinge on the question of invest­

ments in large-scale science such as those associ­
ated with high-energy physics, astronomy, and 
global climate change. 

In addition, because the emerging pattern of 
research and innovation is intensely interdiscipli­
nary, there is increased experimentation with new 
institutional forms for organizing and disseminat­
ing research (e.g., the Canadian Institute for 
Advanced Research, PRECARN Associates Inc., 
the Fields Institute for Research in Mathematics, 
the Institute for Chemical Science and Technol­
ogy, and the Networks of Centres of Excellence)." 

The private sector has made some effort to­
ward gaining a capacity to absorb breakthrough 
and best-practice technology in product or pro­
cess lines. A number of companies are beginning 
to appreciate the strategic value of developing 
core competencies within their firms, as discussed 
in Part 2 of this report, "Competing through 
Innovation." 

Technology-driven megaprojects aimed at 
strengthening and upgrading economic capacity 
have received considerable attention. These 
include the national high-speed communications 
network, the feasibility study for a Quebec­
Windsor high-speed train, and the Hibernia 
drilling platform, to name a few. 

Over the past year, there has been considerable 
analysis of the innovative capabilities of Canadian 
firms as well as the difficulties of adjusting to 
new, rapidly moving, science-based technologies. 
Several firms, particularly in telecommunications 
(e.g., Teleglobe Canada, Northern Telecom) and 
pharmaceuticals (e.g., IAF Biochem, Quadra 
Logic Technologies), have taken up this challenge. 
In the more traditional resource-based industries, 
some effort is also under way to integrate new 
technologies in order to diversify existing product 
lines (e.g., the work of Sherritt Gordon in ad­
vanced materials, and of MacMillan Bloedel in 
new materials for wood products). Reports by the 
Science Council of Canada, Kodak, the Canadian 
Institute for Advanced Research, the National 
Advisory Board on Science and Technology, and 
the Monitor Company (Michael Porter) have all 
argued for a better appreciation of how innova­
tion takes place at both the corporate and national 
levels, and have provided some focused input to 
the debate? 

Industrial research and trade associations 
such as the Canadian Advanced Technology 
Association, the Society of the Plastics Industry 
of Canada, the Canadian Advanced Industrial 
Materials Forum, and the Pulp and Paper 
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Research Institute of Canada have been active in 
promoting new organizations that bridge the gap 
between advanced technology and commercial 
production. 

With respect to technology transfer and dif­
fusion - a critical element of the country's ability 
to capture and test technological advances both 
at home and abroad and translate them for local 
markets - several initiatives and organizations 
have been established or strengthened (e.g., the 
Canadian Industrial Innovation Centre in Water­
loo, the Institut des biomateriaux in Quebec, the 
B.C. Advanced Systems Institute in Vancouver, 
and the Canadian Institute of Fisheries Technol­
ogy in Halifax). Further, a number of provincial 
governments, including Ontario, Quebec, Alberta, 
and British Columbia, are engaged in identifying 
their strategic strengths in technology and science 
as well as the requisite diffusion systems," 

In the sciences, particularly the so-called 
"little" sciences, there have been some important 
developments. Although it is difficult to canvass 
the overall shape of Canadian activity at the fron­
tiers of science, mathematics, medicine, and 
engineering, the Natural Sciences and Engineer­
ing Research Council has taken the innovative 
approach of asking the academic research com­
munity, through NSERC's disciplinary grant 
selection committees, to develop statements on 
the "Health of the Disciplines." These reports are 
designed to identify future issues facing the re­
search community as well as the extent to which 
it is prepared to tackle them. Specifically, the 
reports are intended to outline: 

•	 the current strengths and weaknesses of the 
discipline in Canada; 

•	 emerging trends over the next 5-10 years; 

•	 those international programs in which Cana­
dian participation is anticipated or desirable; 

•	 changes in research funding needs; 

•	 predictions for graduate student emolments 
in the discipline; 

•	 other aspects of research and funding that 
relate to maintaining excellence and interna­
tional competitiveness. 

These state-of-the-discipline reports will be 
helpful in planning the Canadian presence in 
future international scientific endeavours as well 
as assisting decision makers in forecasting trends. 
Wider circulation of these statements to the 
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science and technology communities would 
greatly assist the national debate on the country's 
science agenda. 

Developing Strategic Assets 
Strategic or enabling technologies have become 
the currency of innovation. Because of their ability 
to underpin a multitude of new products and 
services, as well as their potential to advance 
productivity and quality, these technologies are 
universally promoted by industrialized nations." 

The United States has produced a series of 
policy reports on strategic technologies," as have 
Japan, Germany, Britain, and the Netherlands." 
In most instances, the degree of detail and analy­
sis is considerable, certainly greater than in any 
similar exercise Canada has undertaken. Indeed, 
Canada would do well to enhance its own long­
term vision in this area. 

While most national and subnational govern­
ments recognize the importance of biotechnology, 
informatics, space, advanced industrial materials, 
and advanced manufacturing techniques, and the 
private sector aggressively creates, adopts, and 
adapts these new technologies, the essential 
questions are: strategic for whom,and to what? 
The Canadian government, for example, in its 
Strategic Technologies Program, defines the term 
simply as "vital to sustained economic growth in 
Canada." This program, created in 1989 with a 
fund of $90 million, has supported partnerships 
in strategic technology development dealing 
with informatics, biotechnology, and advanced 
materials. 

The National Research Council of Canada, 
within the context of its long-range planning, has 
identified a set of strategic technologies that it 
sees as fundamental to its mandate (biotechnol­
ogy, environmental science and technology, 
marine sciences and engineering, transportation 
technology, construction technology, industrial 
materials, automated manufacturing, and micro­
electronics)." 

The question of critical or strategic technolo­
gies can be dealt with only in the context of 
national needs and industrial capacities. After 
all, as one observer has remarked, every business 
day sees approximately 5000 new research 
papers published and 1000 new patent docu­
ments issued." 

For instance, many commentators would not 
normally include cold-regions research on their 
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list of strategic areas, yet in the case of Canada 
and its circumpolar neighbours, developments in 
these technologies are critical to domestic eco­
nomic development and international competi­
tiveness. R&D in the areas of offshore oil and gas, 
steel structures in extreme environments, oceano­
graphic research in cold seas, remote sensing in 
northern waters, environmental assessment 
sciences, and so forth, are some examples of 
Canada's niche capabilities in this"strategic" 
domain.14 

The creation in February 1991 of the Canadian 
Polar Commission is testimony to the importance 
of polar activities in Canada." Among its respon­
sibilities is the fostering of international and 
domestic cooperation in circumpolar research. 
Canada was actively involved over the course 
of 1991 in developing the program for the Interna­
tional Arctic Science Committee (Canada was the 
host for the founding meeting in 1990) and in 
working with other circumpolar nations on pro­
tocols for the protection of the arctic environment. 

Canadian expertise in polar technology will 
playa key role in developing new export markets. 
For example, Canadian Marine Transport Group 
Ltd., a consortium of six Canadian firms, is de­
veloping technology-based trade links with 
Russia and other members of the Commonwealth 
of Independent States. A similar consortium, the 
Atlantic Canada Environmental Trade Associa­
tion, has been established in the Maritimes to 
tackle environmental matters. In January 1992, 
Montreal was the site of a major international 
trade exhibition of polar expertise (Polartech '92), 
which served as a showcase for Canadian capabil­
ity in this area. 

Bui/ding on Strengths 

Whether a technology is strategic to an industry 
or to a nation, certain mechanisms must be in 
place to be able to assess, adapt, and exploit the 
new knowledge. In short, an industry or a nation 
must have means by which new technologies can 
be chosen for adaptability to the local environ­
ment. This not only involves providing the neces­
sary human resources to anticipate and manage 
new initiatives (about which more is said else­
where in this report), but also entails completing 
the necessary organizational and workplace 
innovation to ensure the transition." As New 
Scientist makes plain, 

a whole variety of people are involved in the 
interactions between science and technology. 
Product planners, designers, marketing ex­
perts, consumers, regulators, forecasters, and 
pressure groups all intervene, influencing what 
innovation theorists call the "selection environ­
ment" which produces particular technologies 
from a spectrum of possibilities." 

In 1985, the Science Council of Canada, with 
support from the Ministry of State for Science and 
Technology (now Industry, Science and Technol­
ogy Canada), undertook a nationwide consulta­
tion on emerging technologies. The Canadian 
strengths identified then - areas in which Canada 
was seen as a world leader - were telecommuni­
cations, enhanced oil recovery techniques, syn­
thetic fuels, remote sensing, computer software, 
and hydrogen technologies." Other areas of 
strength included advanced alloys, composite 
materials, conducting materials, biomass tech­
nologies, mineral leaching, coal technologies, ice 
engineering, and construction technologies. Seven 
years later, it is difficult to assess how much 
ground Canada has lost to, or gained on, interna­
tional competitors in these fields. 

A distinctive infrastructure has been created 
to provide homes for much of this research. In 
addition to regular university departments, multi­
disciplinary expertise has been consolidated in 
such institutions as the Alberta Oil Sands Tech­
nology and Research Authority (enhanced oil 
recovery), the Centre for Cold Ocean Resources 
Engineering and the Centre for Frontier Engineer­
ing Research (ice engineering), the Centre 
quebecois pour la valorisation de la biomasse 
(biomass technologies), the High-Performance 
Concrete Network of Centres of Excellence 
(materials and construction), and the Telecommu­
nications Research Institute of Ontario. 

Canada has world-renowned expertise in the 
health and biomedical sciences. The country's 
medical schools are particularly well known. It is 
not surprising, therefore, to find that 6 of the 15 
federally supported (and internationally peer­
reviewed) Networks of Centres of Excellence are 
building on biomedical strengths. Among these 
centres are those associated with research in 
neural regeneration and functional recovery, 
bacterial diseases, genetic basis of human dis­
eases, respiratory health, protein engineering, 
and promoting independence and productivity 
in an aging society. 
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In the geosciences, Canadian scientists are 
leading in a range of frontier research areas. 
Lithoprobe, a $6.3 million project involving 28 
universities, 17 industrial collaborators, and 13 
federal and provincial agencies, aims to catalogue, 
characterize, explore, and map Canada's litho­
sphere, working to a depth of 100 kilometres. The 
multidisciplinary project has pioneered methods 
of scanning rock formations at great depths, 
allowing determination of their time and se­
quence of origin. New insights are helping to de­
fine areas of volcanic and earthquake activity, and 
to provide a framework for understanding where 
and why minerals, oil, and gas have accumulated. 

In pharmaceuticals, the Ll-member National 
Advisory Council on Pharmaceutical Research 
was appointed in 1991 to provide guidance on 
a range of issues. It will investigate how industry 
is capitalizing on the Networks of Centres of 
Excellence and examine other areas such as patent 
protection. There are lingering concerns that 
Canada's patent laws for pharmaceutical discov­
eries have not been competitive with those of 
other industrialized nations, and measures will 
be introduced to address these concerns. 

Although these and other initiatives deserve 
applause, the longer-term view must recognize 
the need for adequate financing to maintain their 
operation (assuming the projects are viable and 
effective over the longer term). How govern­
ments, in particular, foster the creation and main­
tenance of R&D activity is an issue that merits 
close attention. 

Alberta's Toward 2000 Initiative puts the 
matter in a strong economic light: 

Strategic or enabling technologies - such as 
information and communications technologies, 
advanced industrial materials and biotechnol­
ogy - are providing the basis for a fundamen­
tal transformation and restructuring of indus­
try worldwide....The linking of new, advanced 
and knowledge intensive technologies with 
our traditional resource and manufacturing 
industries is seen as a major advantage 
[Alberta] has over many foreign competitors." 

Biolechnology Means Business 

To illustrate more concretely the issues associated 
with new frontiers and strategic technologies, we 
focus on the case of biotechnology. Biotechnology 
is a broad term used to describe the production 
of innovative products, devices, and organisms 

through the use of biological processes. It is not 
an industry. It is, as a US. report notes, "a set of 
biological techniques, developed through decades 
of basic research, that are now being applied to 
research and product development in several 
existing industrial sectors."?" It is an enabling 
technology in the sense that it has the capacity to 
affect a wide variety of processes and organisms 
and to bring about advances in a wide range of 
applications. 

Biotechnology has a huge economic potential. 
Forecasts of the size of the worldwide market 
for biotechnology-derived products range from 
$9 billion to $64 billion by the year 2000. Some 
have argued that "the second technological revo­
lution will belong to those with the courage to 
create viable biogenetic products for the global 
market.'?' Virtually all Western countries have 
some form of biotechnology strategy to ensure 
appropriate steps are taken to develop a strong 
biotechnology sector." Canada is no exception. 

The National Biotechnology Strategy (NBS), 
in place since 1983, has gradually moved from 
providing support for some of the scientific re­
search that underpins the technology (in govern­
ment labs and universities) to fostering a support­
ive environment for commercialization and tech­
nology transfer (through patent issues and regu­
latory frameworks). It should be noted that much 
of the basic research that underlies biotechnology 
was conducted in the 1970s and early 1980s in 
Canadian universities (funded by NSERC) and 
in other research facilities, notably the National 
Research Council. It is still being developed 
today, some of it funded by the NBS. But the role 
of the NBS has evolved because of advice and 
pressure from the users and producers of biotech­
nological techniques and from the National 
Biotechnology Advisory Committee (NBAC).23 

The NBAC, which advises the federal Minister 
for Science, has been instrumental in promoting 
an internationally competitive Canadian position 
in biotechnology. In its recent policy work, the 
NBAC has tackled the development of a national 
business strategy for biotechnology and has dealt 
with waste management, agribusiness and food, 
intellectual property, and regulatory affairs. 

Comprising some 18 experts from the business, 
financial, and academic communities, the NBAC 
is not the only major advisory structure on bio­
technology. A number of provincial governments 
have advisory boards that have also been active 
in setting guidelines for the development of a 
strong biotechnology research and industrial 
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Box J. Canada's National Biotechnology Strategy 

The goals of the National Biotechnology Strategy are to: maintain a strong research 
base for the development of biotechnology; increase the supply of highly qualified 
personnel; enhance scientific cooperation and technology transfer between govern­
ment and university laboratories and industry; and foster an economic and 
regulatory climate that is conducive to the commercialization of biotechnology. 

The major elements of the strategy are: 

• .• the National Biotechnology Advisory Committee, which provides independent 
advice to the Minister for Science, from the privatesector and academia, on the 
progress of the biotechnology strategy and identifies specific issuesan.dpolicy 
needs to support the development of biotechnology. 

• the Interdepartmental Committee on Biotechnology, which coordinates the 
activities of federal departments and agencies involved in biotechnology R&D. 

• the National Biotechnology Networks, which facilitate communication and 
cooperation among those involved in biotechnology R&D across Canada. 
The networks include: 

Aquatech (fisheries / marine aquaculture) 
Biozootech (animal development) 
Biocrop (plant strain development) 
Biorem (rhizosphere-enhancing microorganisms) 
Biofor (forestry and forest products) 
Biominet (mineral leaching and metal recovery) 
Bionet (human and animal health care products) 
Bioqual (waste treatment) 

• a federal cost-sharedprogram, which is administered by the National Research 
Council through the Industrial Research Assistance Program. 

Source: Biotechnology Secretariat, Industry, Science and Technology Canada. 

capacity. The Science Council of British Columbia 
and Quebec's Conseil de la science et de la tech­
nologie are two such examples." 

In addition to these efforts, several federal 
science-based laboratories have been strengthen­
ing their in-house research competencies and 
their commercialization linkages with private 
sector clients. For example, Investment Canada, 
Industry, Science and Technology Canada, the 
National Research Council of Canada, and 
External Affairs and International Trade Canada 
have been active in promoting Canadian expertise 
abroad (through investment counsellors, technol­
ogy development and strategic alliance officers, 
and science and technology counsellors) with the 
object of attracting foreign investment in biotech­
nology ventures as well as opening new markets 
with our trading partners." 

The Canadian biotechnology community has 
grown considerably over the past decade and 
now includes over 200 firms (87 per cent of which 
have alliances with at least one other organiza­
tion). Firms such as Allelix, IAF Biochem, Diag­
nostic Chemicals, and Quadra Logic Technologies 
have matured from scientific research organiza­
tions to competitive technology-based firms. The 
National Research Council regularly organizes a 
major industrial biotechnology conference. Parti­
cipants at the December 1991conference dis­
cussed new advances, identified regulatory and 
other impediments, and assessed the financial 
and human resource issues facing the sector. 
International developments are also explored 
regularly. Such organizations as the Industrial 
Biotechnology Association of Canada and the 
Canadian Institute of Biotechnology benefit 
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greatly from the contacts made and renewed at 
the gathering. The Canadian Institute of Biotech­
nology, established in 1989, is now working with 
11 non-profit groups across Canada who act 
as clearinghouses for information and expertise 
on biotechnology. 

In its 1991 report Biotechnology in a Global 
Economy, the US. Office of Technology Assess­
ment encapsulated the strengths and weaknesses 
of 16 countries in biotechnology. Canada's 
strengths were identified as a revised patent act, 
a biotechnology strategy to foster growth, and 
national networks. Weaknesses were identified as 
cutbacks in federal funding in support of R&D, 
limited sources of capital, and few large compa­
nics." The Canadian biotechnology community 
is familiar with these and other impediments. 

The private sector organizations involved with 
biotechnology-related products and processes 
will have to be attentive to shifts in the interna­
tional marketplace - shifts that will leave them at 
a distinct disadvantage if they are not well posi­
tioned through such instruments as strategic alli­
ances and licensing arrangements. Some of these 
market shifts concern not only prices, but also 
the regulatory environment for conducting busi­
ness." Despite all the activity on biotechnology 
in Canada, there is still concern over whether 
Canada's biotechnology business has sufficient 
scale to remain competitive. Behind this concern 
is the issue of availability of adequately trained 
personnel. Important questions need to be asked 
about whether such an industry (which requires 
extensive capital) can support itself on a global 
scale. 

Among the non-commercial issues associated 
with this strategic technology are those dealing 
with ethics. The Science Council alerted the 
Canadian public to some of these ethical ques­
tions with the publication of its report Genetics in 
Canadian Health Care." Among the points made by 
the Council were that genetic services should be 
initiated only if there are benefits to the recipient 
such as disease prevention or treatment, or life­
style or reproductive choices. As well, individuals 
and families should have access to beneficial 
technologies in order to make informed decisions 
about their own health care and reproductive 
options. A number of related issues have been 
addressed before the Royal Commission on New 
Reproductive Technologies. Some witnesses have 
questioned whether technologies and procedures 
developed for commercial use with animals 
should be applied to human beings." 

Public acceptability is another important issue. 
The European Commission conducted a poll in 
1991 on what the public thought about biotech­
nology. Half the 12800 people surveyed felt bio­
technology would improve life. More than 90 per 
cent of respondents called for government control 
in the seven areas of biotechnology research list­
ed, yet only 7 per cent said they trusted public 
authorities to give accurate information (com­
pared to 1.3 per cent who trusted industry, 23 per 
cent who trusted environmental organizations, 
27 per cent who trusted consumer organizations, 
and 17 per cent who trusted universities). The 
attitude to genetic engineering is much the same 
elsewhere. The public worries about the risks 
involved in using the results of certain discoveries 
but tends to approve of specific applications, for 
example in medicine and agriculture. 

The public acceptance issue has yet to be raised 
substantively by the Canadian public, although 
the National Biotechnology Strategy, having 
undergone a comprehensive evaluation during 
the course of the past year, may deal with it. We 
can also expect that the evaluation will re-orient 
the directions and future funding for biotechnol­
ogy at the federal level. 

The Science in Biotechnology 
Molecular biology, genetics, chemistry, chemical 
engineering, plant biology, veterinary science­
these are only a few of the scientific fields re­
quired to deal with this interdisciplinary subject. 
Biotechnology research is a major component 
of seven of the federally funded Networks of 
Centres of Excellence. 

Last year the Royal Society of Canada began a 
major assessment of Canadian performance in 
molecular biology (including proposed case stu­
dies in human genetics / mammalian develop­
ment, molecular evolutionary biology, molecular 
biology in clinical research, protein structure and 
function, and plant molecular biology). The 
ultimate objective is to identify and recommend 
ways to enhance Canadian performance. 

At the international level, debate has continued 
over the future funding of the Human Frontier 
Science Program (HFSP), a $20 million effort to 
enhance international research exchanges and 
collaboration on the elucidation of brain functions 
and biological functions through molecular-level 
approaches. The program, approved at the 1988 
Toronto Economic Summit, is open to G-7 
researchers as well as Swiss and European 
Community scientists. 
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The HFSP funds interdisciplinary, internation­
ally collaborative research through grants, fellow­
ships, and international workshops (see Table 1). 
Canada is represented on its board of directors as 
well as on its Council of Scientists, which pro­
vides guidance on research directions. Canadian 
researchers have benefited considerably from this 
program and Canadian financial input has been 
limited to paying the costs of a Canadian repre­
sentative at the secretariat in Strasbourg. It has 
been estimated that for Canada's $140 000 invest­
ment in the HFSP, approximately $4 million will 
accrue to science in Canada in the form of re­
search awards and fellowships. As the program 
moves into its second phase, it is expected that 
contributions from member countries, including 
Canada, will increase. 

One of the components of the HFSP is focused 
particularly on the brain and its functions. Cana­
dian expertise in the neurosciences is noteworthy, 
and in 1991 Montreal was the site for the annual 
meeting of the International Brain Research 
Organization. Modem neuroscience is an in­
tensely vital, multidisciplinary field drawing on 
the medical sciences and natural sciences such as 

physiological psychology, cognitive psychology, 
neuroendocrinology, nerve regeneration, and 
invertebrate systems. These are disciplines in 
which Canada has considerable strength. 

At a meeting hosted by Queen's University in 
March 1991, a number of Canadian researchers 
interested in the HFSP were invited to discuss 
Canada's continued involvement in this innova­
tive endeavour and to explore future roles in 
international scientific research. The meeting 
raised a host of generic issues surrounding the 
internationalization of science, national interests 
in science, and the interplay between national and 
international institutions promoting collaboration. 
One pressing issue concerns the financing of 
Canadian scientists to participate in programs 
such as the HFSP. Participation imposes a certain 
discipline on the national scientific infrastructure: 
how, for example, can it meet new funding and 
personnel demands without skewing the priori­
ties of the Canadian research community, which 
must attract and train new scientists in a diverse 
range of areas of leading-edge researchr" 

Similar questions could be raised about 
Canada's role in other international scientific 

Table 7. Human Frontier Science Program, Applications and Awards, 
7997 

Research Grants/Long-Term Fellowships 

Destination 
Applications Awards of Fellows 

No. of principal No. of principal No. of 
applicants applicants scientists 

u.s. 80 / 34 15 / 8 46 / 57 

Japan 29 / 71 3 / 24 27 / 3 

U.K. 31 / 37 4 / 7 13 / 10 

France 23 / 41 2 / 11 13 / 6 

Italy 17 / 20 1 / 2 4 / 2 

Germany 17 / 29 4 / 11 12 / 4 

Canada 16 / 16 2 / 6 3 / 6 

CEC 26 / 32 1 / 8 6 / 2 

Others - / 68 - / 13 15 / 2 

Totals 239 /348 32 / 90 139 / 90 

Numbers in 1990 235 /202 30 / 80 

Source: Announcement of Human Frontier Science Program Second Year Award, 19 April 1991. 
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programs, such as the Human Genome Project, 
a IS-year program designed to locate and charac­
terize the estimated 100 000 genes of the human 
genome;31 the Superconducting Super Collider, a 
Texas-based project to build the world's largest, 
most powerful particle accelerator (Canadian 
participation is being aggressively sought); and 
the International Thermonuclear Experimental 
Reactor, an international fusion demonstration 
project involving Japanese, Russian, American, ­
European, and Canadian scientists, which is now 
at the engineering design stage. 

The Bleeding Edge ofTechnology: 
Containing the Leakage 
Science has traditionally been international in 
scale and scope, and technology is increasingly so. 
Because of the nature of strategic technologies, 
and because of the rapid pace of technical change, 
it is difficult to contain the benefits of R&D within 
borders. As the Organisation for Economic Co­
operation and Development reminds us: 

Technological development is...transforming 
conditions for innovation everywhere. [This] 
should lead to new approaches to the manage­
ment of policy, where the focus is all too often 
exclusively domestic. Mechanisms for closer 
collaboration in R&D between countries have 
to be reinforced, and thought should be given 
to rules of the game to ensure the appropriate 
diffusion and distribution of knowledge and 
technologies across countries." 

The diffusion side of science and technology 
policy is important in order to obtain the potential 
benefits from R&D, regardless of the country 
where the R&D takes place. This suggests that the 
most effective policy for governments may be to 
coordinate their research with that of other coun­
tries in developing generic technologies, and then 
to use the policy measures needed to ensure that 
these technologies are rapidly diffused in their 
individual countries. 

The OECD international conference on tech­
nology and the economy held in Montreal early in 
1991 was strewn with references to the impor­
tance of generic technologies, and to the value of 
having a well-developed industrial infrastructure 
that can capture their benefits." 

Canada's space sector, with its investments in 
research and technology, is a good example of the 
application of generic technologies for economic 
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benefit. The space sector has a strong export 
capability, thanks in no small part to the develop­
ment of the Canadian Space Program and the 
creation of the Canadian Space Agency. The 
Space Program (which will provide $3.7billion 
to the year 2000) is undergoing major restructur­
ing as the agency develops a long-term plan to 
strengthen Canadian space science and technol­
ogy. The plan will assist Canada's space industry 
in positioning itself for the global competition that 
will emerge over the next two decades. Indeed; 
the Space Program serves as a critical "technology 
driver" in non-space industries as well as the 
space sector. 34 

In preparing the plan, the Canadian Space 
Agency established eight working groups to 
cover various issues, including earth observation 
systems, space science, space infrastructure, and 
international relations. In addition, it held a num­
ber of regional consultations with the space com­
munity across the country in December 1991 and 
January 1992. It is expected that the long-term 
plan will be complete by June 1992. Assuming the 
federal Cabinet approves the plan, new financial 
resources will be committed later in the year. 

Over the summer of 1991, the rescue from 
near-collapse of U'S. financing for Space Station 
Freedom (to which Canada had committed more 
than $1 billion - over 30 per cent of Space Pro­
gram commitments) demonstrated how Cana­
dian industrial, academic, and government com­
munities can work together as effective lobbyists. 
It also underscored the wisdom of investing in 
other international technology programs such as 
those of the European Space Agency, and its earth 
observation activities. 

The year 1992 has been designated Interna­
tional Space Year, but space is a glamorous busi­
ness at any time. Accordingly, many countries 
invest in space for international prestige. The 
announcements by the Quebec and Ontario 
governments that they will support separate 
bids by Montreal and Toronto to locate the 
International Space University in Canada will 
no doubt provide a good test of federal-provin­
cial-industry and interprovincial relations over 
the coming months." A decision is expected by 
August 1992. The ISU, established in 1987 to train 
researchers and promote international research in 
space exploration, has no fixed campus, and a 
number of other cities (among them, Turin, Nice, 
Toulouse, and Houston) have submitted bids to 
be hosts for a permanent campus. In an encourag­
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ing sign for international cooperation, former ISU 
students (approximately 600 to date) are forming 
an international association to suggest ways in 
which the future campus, its satellites, and its 
curriculwn can be developed. 

The Necessity ofTechnological Cooperation 

The space sector, like other strategic industrial 
sectors, must rely for its survival on technology 
cooperation arrangements between firms. One 
important motive for expanding these strategic 
partnerships is the increased complexity and in­
tersectoral nature of new technologies. Although 
companies seeking strategic alliances do so for a 
wide range of reasons, access to scientific knowl­
edge or complementary technology is a critical 
one. A study of cooperative agreements in new 
materials, biotechnology, and information tech­
nologies shows that about 90 per cent of such 
agreements were forged during the 1980s. In new 
materials, over 62 per cent were initiated since 
1985; in biotechnology and information technolo­
gies the comparable figures are approximately 
60 per cent and 55 per cent, respectively." 

The question of access to new technologies is 
fundamental for a small, open economy that 
generates about 2 per cent of the world's technol­
ogy." For this reason, Canada is a regular partici­
pant in multilateral forums dealing with access to 
technology and intellectual property issues. As 
well, the lifting of restrictions on selling and ex­
porting certain key industrial technologies (such 
as computers, telecommunications equipment, 
and machine tools) to Eastern Europe is a blessing 
for firms that wish to expand their markets into 
the region." 

In the more exotic new technologies, Canada is 
struggling to keep abreast of developments. In 
areas such as mechatronics, nanotechnology, 
electronic materials, and silicon-based polymers, 
researchers are pushing the frontiers of science, 
technology, and instrwnentation. 

Another type of "frontier" technology involves 
systems management and workplace innovation. 
One example is the Japanese-initiated technology 
program called Intelligent Manufacturing Sys­
tems. IMS was unveiled in 1989 by the Japanese 
Ministry of International Trade and Industry as 
a trilateral effort (the United States, Japan, and 
Europe) to conduct research on a host of ad­
vanced manufacturing technologies, including 
production system development, production­
control equipment and processing, application 

technology for new materials, and human factors 
in production. The proposal was for a $1 billion, 
10-year international research program (with 
Japan funding 60 per cent, the United States 20 
per cent, and Europe 20 per cent) in an area of 
perceived Japanese strength. The Japanese 
"noblesse oblige" view was that it should diffuse 
such knowledge to other countries and thus im­
prove its standing in the international S&T com­
munity, where "the disparity between its wealth 
and its technical contributions has engendered 
resentment."39 

The initial Canadian response was muted. 
First, the Japanese (who are inexperienced at or­
ganizing international collaborative structures) 
had not sought official channels to launch the in­
itiative, having used the Society of Manufacturing 
Engineers as the conduit into the United States 
and Europe, as well as Canada. Second, the 
Japanese had excluded Canada from the early dis­
cussions, preferring instead to work out the de­
tails with just the United States and Europe. Also, 
on the Canadian side there was initially no ob­
vious mechanism to ensure dissemination of the 
results of the research to potential users. Eventu­
ally, Industry, Science and Technology Canada 
established an Industry Advisory Committee to 
guide industrial involvement in the program. 
Canada was included after aggressive lobbying of 
Japan on the part of External Affairs and Interna­
tional Trade Canada (and its science and technol­
ogy counsellor in Tokyo). 

Following these and other efforts, an interna­
tional steering committee meeting was held in 
Toronto in early 1992 to elaborate the two-year 
feasibility study. Canadian firms will eventually 
have access to what is clearly turning into a global 
strategic area: management of new production 
techniques and human resource questions in the 
adoption of manufacturing technologies. Cana­
dian industry will be involved in the develop­
ment of the feasibility stage of IMS, and will have 
an input into research design as the program 
develops. 

Recognizing Excellence 

If the international technology game is a difficult 
one for Canadian organizations to master, inter­
national science appears, on the surface, to be a 
better ballgame. After all, as a small country, 
Canada (and others in the same category) contrib­
utes proportionately more than its share to world 
science.40 
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This is not only because science is often cheap­
er to perform than technology, but also because 
Canada still retains its strengths in those areas 
essential to building a nation: sciences related to 
natural resources, medicine, and engineering..!l 
The institutional system supporting this basic 
research has been built up over decades. But an 
active debate is now emerging in Canada on how 
to maintain a balance between research at the 
international level and research tied directly to ­
industrial needs. This debate partly manifests 
itself in the rhetoric of policy makers who often 
fail to distinguish between science and technol­
ogy as separate but linked activities. The Cana­
dian S&T system suffers from a number of 
difficulties because of this (discussed further in 
the chapter on infrastructures). 

Science needs its own rewards. As the Minister 
for Industry, Science and Technology, Michael 
Wilson, notes: 

the young scientist just out of university is 
angry and frustrated that he (she) cannot find 
a job. Like thousands of our young people, he 
(she) is talented and worked hard. But with 
only 4 manufacturing firms out of 100 doing 
any research and development, his (her) hard 
work may not find the outlet it deserves." 

Like any nation bent on redressing its former 
lack of recognition of creative and entrepreneurial 
contributions to society, Canada has developed a 
host of reward structures. These range from the 
Mercure Awards in Quebec (which recognize 
outstanding achievement in science and technol­
ogy), to S&T leadership awards in Alberta and 
Newfoundland, to the national Manning Awards 
(established in 1981 in honour of former Alberta 
Premier and Senator Ernest Manning). To en­
hance the career development of outstanding 
and highly promising scientists and engineers, 
NSERC annually awards the E.W.R.Steacie 
Fellowships. The 1991-92fellowships went to 
Nick Kaiser at the University of Toronto, a lead­
ing expert in physical cosmology; Ram Murty at 
McGill University, one of the world's experts on 
modular forms and L-series in arithmeticanalytic­
algebraic geometry; Indira V. Samarasekara of the 
University of British Columbia, for her work in 
continuous casting and hot rolling of steel and 
gallium arsenide crystal growth; and Leslie Smith 
at the University of British Columbia, for his con­
tributions in the science of hydrogeology. For 
sustained and outstanding contributions to 
Canadian research in the natural sciences and 

engineering, NSERC also awards the Canada 
Gold Medal for Science and Engineering. 
Raymond Lemieux of the University of Alberta, 
one of Canada's leading experts on carbohydrate 
chemistry and founder of several science-based 
companies, was honoured in 1991. 

Canadian scientists are also recognized inter­
nationally. In 1991, for example, the first Stock­
holm Water Prize, a Ll.S. $150 000 international 
environmental award made in recognition of an 
outstanding contribution in the field of water 
conservation, went to David Schindler of the 
University of Alberta for his work on eutrophica­
tion and acidification, research that has led to 
improvements in environmental legislation in 
Canada, the United States, and the European 
Community. 

Rewarding excellence should not be restricted 
to the academics. Rewards for entrepreneurs, 
technicians, teachers, and others who contribute 
to national excellence are also required. In many 
cases such recognition is given, but the fact 
remains that Canadian society does not place as 
high a value on excellence as other countries do. 

8ig Science, Small Country 
In the summer of 1991 the Science Council asked 
the readers of its newsletter, In Touch, for their 
views on, among other things, the importance 
of frontier science and technology. Responses 
indicated a sharp division over Canadian partici­
pation in international "big science." Some 
readers were concerned that "we risk being left 
behind and dependent on other countries." 
Others argued that we should "balance political 
lobbying (e.g., KAON, Space Station) against 
Canada's real needs." 

The conundrum is a difficult one for a country 
committed to keeping its science at the forefront 
of world advances. It is equally problematic for 
the scientific community, which is hearing gov­
ernment exhortations that research should be 
"going global" when funding levels for basic 
research are eroding." And, finally, there are 
major global problems that can be addressed only 
by large-scale, interdisciplinary scientific and 
medical collaboration at an international level 
(these include global climate change, environ­
mental pollution in circumpolar regions, and 
AIDS research). 

As indicated earlier, the issue concerns the re­
lationship between an active scientific community 
and those people who have been elected to make 
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decisions on how public funds should be in­
vested. Science wants to control its own agenda. 
Government wants to specify priorities. Industry 
seeks relevance. The resolution of this contest is 
made no easier by the current restraints on public 
funding. 

In Canada, the debate on participation in "big 
science" projects is muted; it is typically confined 
to the corridors of power, and is an issue that 
even the scientific community itself has rarely 
debated openly. In contrast, a hot and pluralistic 
debate on this subject is evident at all levels in the 
United States and, increasingly, in Europe and 
Japan. In the American scientific community the 
argument over the pros and cons of big versus 
little science has raged for several years. Unfortu­
nately, some of this debate tends to gloss over 
the changing nature of the research practice 
(e.g., the tendency toward larger-scale, multi­
disciplinary projects and sophisticated and costly 
instrumentation). 

The issue now surfacing in most countries 
faced with participating in international projects 
is: to what extent will it mean less funding for 
undirected research or little science by individu­
als? Many see a real threat that the latter could go 
the way of the dodo. In the United States, such 
pessimism is reinforced by an analysis showing 
that megaprojects account for fully one-third of 
total requests for civilian research funding in the 
U'S. fiscal 1991budget." 

The OECD's response to the issue of coopera­
tion in big science was contained in a communi­
que from a ministerial meeting in March 1992. It 
argued for a systematic exchange of views and' 
information among member countries on mega­
science projects and large-scale programs before 
they are launched by national authorities. 

Canada participates in this debate, as we must, 
but our capacity to respond to foreign calls on our 
resources is limited, especially considering that 
Canadian scientists are already involved in such 
projects as Space Station Freedom, the European 
Organization for Nuclear Research (CERN), the 
Ocean Drilling Program, the Global Change 
Program, the Human Genome Project, and the 
International Thermonuclear Experimental 
Reactor, and Canada is considering participation 
in the Superconducting Super Collider. Moreover, 
the Canadian scientific community has not clearly 
demonstrated its ability to respond coherently, 
thus leaving some doubt as to whether Canada 
will, in future, be seen as a reliable partner in 

international scientific ventures of this sort. Some 
question whether Canadian expenditures should, 
in any event, mirror those of larger countries. 

The Queen Elizabeth Telescope, the High 
Altitude Research Project, the Canadian Long­
Base Array, Lithoprobe, the Sudbury Neutrino 
Observatory, the Gemini Telescopes, and now 
KAON, represent a lineage of big science projects 
that have tested the scientific community's 
resolve over the past several decades." 

A Four-Letter Word: KAON in Context 

Decisions on KAON and other big science invest­
ments involve much more than scientific egos. 
They can affect the future course of scientific 
disciplines and, at least from the decision-making 
perspective, whether science itself is perceived as 
an investment in a nation's infrastructure. Big 
science investments can also benefit a country's 
industrial base. 

The KAON case is a classic example of how big 
science - properly packaged and championed ­
can have some measure of success in a small 
country like Canada, even though there remains 
some doubt whether the project will provide 
significant contributions to physics or whether it 
will deliver its promised economic returns. 

KAON is an outgrowth of the Tri-University 
Meson Facility funded by the National Research 
Council and managed by four Canadian universi­
ties. TRIUMF is a national particle physics labora­
tory that houses a particle accelerator. The idea is 
to upgrade this facility into a faster accelerator 
that will boost the energy of TRIUMF's beams by 
60 times, allowing the creation of new short-lived 
particles called kaons. By producing these part­
icles, the new instrument will give scientists 
unique tools to understand atoms, stars, and the 
very nature of our universe. 

The triumph of KAON has as much to do with 
selling science (as a commodity) as it has to do 
with advancing the frontiers of knowledge. As 
the promotional literature for the project notes, 
"in jobs alone, 17 000 person years of employment 
will be created during construction, with another 
2800 per year when the project is operational." 

After numerous feasibility studies and evalua­
tions, as well as advice from a large portion of 
Canada's scientific community and policy advi­
sory apparatus (who in general did not view the 
proposal favourably), the KAON issue came to a 
head in September 1991 when the federal govern­
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ment offered to commit $236 million (about one­
third of the estimated construction costs) to 
KAON. 

The commitment, to begin in fiscal year 
1995-96,also included a negotiable amount for 
operating costs when the facility comes on line 
(expected in 1998). The KAON proponents and 
the British Columbia government (if it accepts the 
federal offer) now have the task of seeking the 
projected $200 million in international commit- . 
merits, as well as ensuring that cost overruns do 
not inflate the provincial commitment. 

The British Columbia government, and the 
parts of the physics community who have been 
promoting this $1.2 billion investment, have 
played their cards well. The fact that KAON was 
sold as a key to assisting the B.C. economy went 
down well with the governing and opposition 
parties alike in the midst of an election year. In 
addition, the KAON proponents were careful to 
enlist some of the country's highest-profile profes­
sionallobbyists to make their case to the federal 
government. Among the arguments the pro­
KAON lobbyists used were: 

National unity:The argument was made that 
by investing in KAON, the federal government 
would improve morale within the B.C. science 
and technology community - a community that 
has been neglected by federal S&T and infrastruc­
ture investments in the past and that now could 
contribute to national prosperity more effectively. 
KAON is designed as an international facility, 
and will lend support to the building process for 
the National Science and Technology Policy led 
by the Council of Science and Technology Minis­
ters (described in the chapter on infrastructures). 

International relations: The entrepreneurial drive 
of the KAON proponents led them abroad to 
drum up promises of financial support from 
prospective foreign partners to the tune of $200 
million. This international effort not only resulted 
in the usual support from the subatomic commu­
nities of other countries, but also took on an un­
precedented air when the White House chief 
science adviser (a Canadian-educated physicist 
who knows the science community well) made at 
least one personal lobbying appearance before 
selected federal Cabinet ministers. Further, the 
implied argument was that a G-7 nation such as 
Canada could not afford not to have a mega­
science facility and continue to participate in 
large-scale projects located elsewhere. 

Links to industrial competitiveness: The project's 
proponents sold KAON as an important step in 

advancing the state of subatomic physics, but 
they also made direct links to the competitiveness 
agenda, arguing that the spin-offs from KAON 
"may allow us to discover...dramatic new treat­
ments for cancer" and that KAON "has the 
potential to assist Canadians in developing 
dozens of new commercial enterprises." Empha­
sis on the local economic impetus afforded by 
building an international facility made opposition 
difficult for the B.C. economic development and 
industrial communities. 

Supplyof skilled human resources: The propo­
nents played on the notion that the scientific 
community in Canada is frustrated with the lack 
of national vision in support of basic science, 
especially the poor signals being sent to prospec­
tive students about the value of science as a 
profession in this country. 

Bigversus littlescience: This was a relatively 
easy argument to put forward within the sub­
atomic physics community. But it was much more 
difficult (and still is) to convince others that fund­
ing KAON would not have an overall negative 
impact on funding levels for the science commu­
nity at large. For example, the difficulties associ­
ated with obtaining $2 million from federal 
coffers to match Quebec's contribution to the 
operation of the national Tokamak fusion reactor 
in 1991 were seen as a sign of trouble ahead. The 
little science concern was alleviated in part by 
the subsequent announcement that the federal 
government would be increasing the base fund­
ing levels for the research granting councils. 

Contributing to thejigsaw puzzleof science: The 
proponents sold KAON as complementary to 
other big physics projects, arguing that it was 
neither redundant nor a threat to the national 
investments of other countries." 

Whether one is pro or con, the KAON issue 
demonstrates that the outmoded linear model of 
innovation (which holds that basic research 
begets applied technology which begets develop­
ment which begets commercial application) is 
alive and well in Canada." 

Assuming that KAON goes ahead, it will be 
interesting to track both its domestic impact and 
its effect on our international scientific image. Just 
as crucial will be the extent to which this high­
profile exercise in big science lobbying has affect­
ed the harmony within the scientific community. 
George Brown, the US. House Science and Space 
Committee chairman, sounded an alarm when 
he noted that scientists who are unable to get to­
gether and define their own priorities are nothing 
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but a headache in Washington, especially when 
their perennial anxiety over tight budgets leads 
them to backbiting, badmouthing, and indi­
viduallobbying..~8 Meanwhile, there are lessons in 
the KAON saga for Canada's scientific commu­
nity. First, know your market, and learn how to 
sell. Second, learn how to set priorities. 

This second lesson is a critical one. As the 
authors of the Bahcall report on Ll.S. astronomy 
and astrophysics warn, "astronomers have recog­
nized that if they do not set their own priorities, 
then funding agencies and congressional officials 
will do it for them.v'''In Canada, with a three-year 
spending cap on research to take effect this year, it 
will be all the more important for choices to be 
made. The scientific and technical communities 
must sort out priorities for their own disciplines, 
yet this alone will not be sufficient because the 
more difficult issue is examining the research 
envelope across disciplines. Ultimately, the key 
question is: "How much science is enough?" The 
5&T communities must also adopt a more sophis­
ticated approach to get their messages across to 
politicians. The students of astronomy and 
astrophysics have cautioned: 

If our country does not live up to the status 
to which it aspires, ours may be a future of 
denial; industries denied the necessary support 
expertise in innovative technologies arising 
from unexpected sources; firms denied the 
chance to participate and compete in the 
expanding global markets created by such 
technologies; students denied skilled and 
motivated teachers; and people denied a sense 
of Canadian involvement and perspective in 
the exciting discoveries being made around 
them." 

Conclusion 

This section has traced some of the developments 
in Canada's thinking about strategic technologies 
and new scientific frontiers. A considerable na­
tional discussion can be had concerning the value 
of adopting and creating new technologies. In 
fact, many have argued that Canadians should be 
the fastest and smartest users of new technology, 
but not necessarily the inventors and developers 
of it. Quite often, however, this ignores the fact 
that a sound base in cutting-edge research is re­
quired in order to decide on what science and 
technology is to be adopted. 

JOB 

The public discourse over the past year or so 
has given signals that it is becoming more open, 
and is a sign of the democratic nature of science 
policy development in Canada. The debate needs 
to continue if only to provide Canadians with the 
best possible information and insights on how 
advances in science and technology will affect 
their quality of life and that of future generations. 
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