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Preface

resource material of special relevance to the review of federal science and technology (S&T)

policy. There is no unique source of correct information on S&T policy. The goal of these
volumes is to provide relevant data and information and to provoke informed discussion around
unresolved and sometimes controversial issues.

The purpose of the Resource Book for Science and Technology Consultations: Volume Ilis to provide

While the Resource Book for Science and Technology Consultations: Volume I provided a snapshot of
S&T performance indicators in Canada and abroad, Volume II focuses on providing background
information relevant to specific issues. As such, this volume is intended to be a companion
volume to the consultation paper Building a Federal Science and Technology Strategy and Volume I.
For convenience, this volume contains both the Contents and Index for Volume I as well as
for Volume II.

Material for this document has been collected from a variety of sources. In most cases, the
articles are drafted as briefing notes rather than as full-scale review articles. Some contain
bibliographies or references, which may direct the reader further into the subject.

The articles range from opinion pieces, through background information to detailed mathematical
analyses. They are either the result of work of individual authors, or many people, and some
represent compilation of pre-existing information.

The term S&T is not restricted to disciplines in the natural sciences and engineering. The
public perception of S&T is often of activities in the physical sciences, but this consultation process
is equally relevant to the social sciences.

As the editor for both Volume I and Volume II, I would like to thank all who have worked with
me under extremely tight deadlines on both publications. I hope that these documents will serve
both to inform and stimulate the debate during the development of practical options for a federal
S&T strategy.

Adam Holbrook
Editor
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Canada and the National

System of Innovation

by John de la Mothe*

he term National System of Innovation
is used here to describe a part of
- the national economy that, among
other things, puts science and technology
(S&T) to productive use. Schumpeter (1934)
argues there are five types of innovation:

¢ the introduction of a new good

¢ the introduction of a new method
of production

* the opening of a new market

* the acquisition of a new source of
supply of raw materials

* reorganization of the industrial unit,

S&T operate principally on the first
two types of innovation: new products and
new processes. In the modern context, these
would include government products and pro-
grams such as social programs and health care
programs. The Organisation for Economic
Co-operation and Development (OECD 1991)
in its Oslo Manual sets out a theoretical and
practical approach to understanding and
measuring innovation resulting from scientific
and technological activities. This work has
been expanded after the completion of its
Technology and the Economy Program (OECD
1992) to current systems analysis studies on
complete national systems of innovation.

The purpose of this paper is to describe
the complex networks that are collectively
described as “national systems of innovation”
and to link them to the Canadian situation.

* John de la Mothe is associate professor of science,
technology and public affairs in the Program of Research
on International Management and Economy (PRIME),
Faculty of Administration, University of Ottawa. He is
editor of the journal Sciences and Public Policy, and has
edited numerous books on science and technology policy
and innovation, He has taught science policy at New York
University, Harvard University and the Massachusetts
Institute of Technology.

The Economic Environment

Canadians generally accept the idea that

our economy — our ways of maintaining high
standards of living, of creating wealth, and

of distributing that wealth — is undergoing a
major transition has become widespread and
accepted. In acknowledging this shift, we have
rather routinely said that the key to our future
lies in science and technology, research and
development, and innovation. We have said
that the new economy is somehow different,
that it is knowledge-based or information-
based. We have said that the economies of
the OECD nations have “gone global.” But
for a long time, we have had only vague ideas
about what all this meant or what we could

do about it.

Our framework for understanding economic
growth and trade has worked well for the
better part of a century. Yet in this older view,
the new intellectual resources upon which we
now rely never really played a big part. More-
over, the elements needed for growth were all
thought to be contained within the borders
of the nation state. Thus, it was not surprising
that Canada exported minerals and timber,
Brazil exported rubber and bananas, Portugal
exported wine, and the United States exported
steel. Every nation — and the firms within
each nation — was thought to have a natural
comparative advantage, and competitiveness
was defined by such factors as price, costs,
exchange rates and productivity.

But times have changed. Growth can no
longer be generated by simply taking resources
from the environment and selling them. More
than ever before, performance specifications,
quality and design have become more impor-
tant than price competition. Value-added has
become increasingly a matter of what we do
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rather than what we have, and mass production
(with its volumes of uniform, undifferentiated,
products) is rapidly giving way to lean produc-
tion (which is fast, flexible and capable of
delivering custom products) and service.

As for the global aspects of the new economy,
there is no doubt that international trade has
been one of the main engines of growth since
World War II. With the continuous liberalization
of trade, which has reduced the average tariff
barrier across the OECD nations from 46 percent
to less than 5 percent, world trade flows have
increased between 1950 and 1975 by more
than 500 percent, compared with an increase
in world output of only 200 percent.! But
international investment and technology flows
have overtaken product-based trade. This
is a subtle but important shift and suggests a
number of changes. For example, traditional
trade is largely based on tangible goods.
Investment and technology flows, on the other
hand, are highly intangible; that is, they are
not embodied as a widget or a machine, but
are encoded as information. One is material
intensive; the other is knowledge intensive.

Wealth creation and economic growth

are often used interchangeably. Economic
growth is a function of income, which itself

is a measure of the flow of some resource of
value (usually money, but it could include
natural resources, intellectual property or
human capital). On the other hand, wealth is
a measure of the existing inventory or stock of
a valued resource. The stock of wealth is there-
fore a factor in producing income. Wealth in
-this sense is in effect a “cause” of income,
rather than the other way around. Surplus
income may be used to support higher levels
of consumption or may be used to increase
investment, which in turn adds to the stock

of wealth.,

A society can enhance its productive
capacity in two ways:

¢ through investment, which adds to the stock
of wealth, including physical and human
capital

¢ through innovation, which improves the
productivity of physical and human capital.

! Based on statistics from OECD and United Nations
Statistic Office,

1
s
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12

Innovation is central to many of the
shifts resulting from the globalization of the
major economies. Or more precisely, it is
the innovative capacity of firms that is the
major driving force behind economic growth
and a country’s ability to derive the benefits
from international trade. Understanding the .
ways in which firms accéess and use external
sources of knowledge is important for science,
technology and innovation policy. And the
availability of intelligent infrastructure, ranging
from information highways and high-technology
networks to universities, provides the environ-
ment within which innovation can thrive.

These important facts have led firms and
public policy circles to pay increased attention
to the ways in which they can strengthen their
innovative capacity and hence Canada’s
competitive position. But in order to discuss
these ideas, we need a new framework to help
us grasp how the system really works and how it
does not. What follows is a brief sketch of this
framework.

Linear Model of Innovation

The linear model of innovation has been
used to explain the links between research
and development (R&D) and economic
performance. It is so highly abstract that it
does not really explain the complexities of
innovation in a real world. Yet it still informs
many policy discussions. This fact alone has
led economic historian Nathan Rosenberg
(1991) to say it “is dead, but it won’t lie down.”

The linear model has three principal variants
referred to as science-push, technology-pull
and market-pull. In the science-push variation,
product development and commercialization
are the result of broad-based, undirected basic
research. Basic science discovers new principles
or mechanisms about the natural world that —
once a practical use is thought of — get taken
up in more focused or applied R&D, which

in turn leads to experimental development,

design, prototyping and ultimately market
launch. In this model, knowledge is discovered
in universities, passed on to firms through
publications, patents and other forms of
scientific correspondence, and on to final
customers in the form of a product or service.
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National System of Innovation

T'he benefits of this chainlinked model are
captured and extended in a framework that
has been growing in intellectual coherence
and policy relevance throughout the OECD
countries in recent years, This framework

is widely known as the “national system of
innovation.” The idea of a national system goes
back more than 150 years to the writings of
German economist Freidrich List in 1841 in
his National Systems of Political Economy. But
more practically, the idea — as applied to inno-
vation — has grown in currency through the
analytic and empirical efforts of B. A. Lundvall
at the OECD, Christopher Freeman at the
University of Sussex and their colleagues (see
works by Lundvall and Freeman in the Select
Bibliography at the end of this essay).

The benefits of this approach are myriad.
For example, there is a widespread convic-
tion that in the new global economy, firms
increasingly use external sources of technical
knowledge to stay competitive. They may do
so for 2 number of reasons. They may need to
keep up with the increasing pace of technical
change in their industry. They may need to
share the increasing costs or risk of doing
research. They may need to cope with the
growing multidisciplinarity of scientific
knowledge upon which much innovation is
based. Or they may need to gain access to
new markets by cooperating with other,
knowledge-intensive firms.

The policy relevance of this approach also
stems from a number of sources. First, policies
aimed at improving the innovative capacity of
an economy — and of the business sector in
particular — need to be grounded in a sound
understanding of the way that firms in a country
access information and know-how. Second, -
governments are playing an important role in
the development of intelligent infrastructure
and technological networks. And third,
governments are increasingly working with
firms in an effort to negotiate access for them
into new markets such as is found in the new
European Union or Mexico.

Moreover, for a long time, the principal
emphasis or preoccupation in science, tech-
nology and innovation policy has been on
fostering the generation of knowledge, rather
than on its distribution, improving access to
knowledge and applying knowledge. Surely, for
a country like Canada, which contributes only
about 4 percent of the world pool of S&T
knowledge and which ranks sixth among the
Group of Seven (G-7) most developed nations
in terms of gross expenditure on R&D as a
percentage of gross domestic product,2 this
kind of orientation needs to be carefully
rethought.

The essential rationale for a national systéms
approach was outlined by Chris Freeman (1988):

the rate of technical change in any country

and the effectiveness of companies in world
competition in international trade in goods and
services, does not depend simply on the scale
of their research and development. ... It
depends upon the way in which the available
resources are managed and organized, both at
the enterprise and the national level. The
national system of innovation may enable a
country with limited resources . . . to make
very rapid progress through appropriate
combinations of imported technology and local
adaptation and development. (emphasis
added) , : :

Clearly, this demarcation has important
implications for a country like Canada where
the S&T policy debate has long focused
principally on the level of spending on
R&D and on the scarcity and scattered distri-
bution of resources for innovation due to the
geographic and demographic realities of
the country.

A number of broad characteristics become
prominent with the adoption of a national
systems approach. First, it emphasizes that
firms are the principal sites for the creation of
wealth and cannot be viewed in isolation, but
as part of a network of public and private sector
institutions whose activities and interactions
initiate, import, modify and diffuse new tech-
nologies. Second, it emphasizes the linkages
(both formal and informal) between institutions.

? Based on statistics from OECD and United Nations
Statistic Office.
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but it captures the intangibility of the innovation
process.

Beyond this, Lundvall and Johnson (1992)
have differentiated between various types of
knowledge. These they describe as follows:

*  Know-how usually refers to some form of
knowledge that enables someone to complete
an observable task, without necessarily
being aware explicitly of how the task was
done. Manual skills are typically referred to
as know-how, but it may also be used with
reference to the organizational abilities
of individuals or social groups. Tacit
knowledge is largely know-how.

¢ Knowing what refers principally to factual
propositions like tax codes, regulatory or
legislative details, commercial documents
like balance sheets, as well as the kinds of
knowledge that are needed for the identifi-
cation and labelling of phenomena in the
natural world.

* Knowing why refers to knowledge as
understanding. Traditional conceptions
of scientific knowledge tend to fit largely
within this category.

¢  Knowing who refers to one’s understanding
of the identities, reputations and the relations
between the various actors within organiza-
tions. The greater part of an individual’s
knowledge about other human beings is
gained through social interaction and is
privately held. As a result, it is not something
that can be confirmed. Its validity is tested
through judgment. Social know-who thus
parallels organizational know-how, except
that it is, in direct terms, practically useless
economically.

A further distinction should be made
between information and data. Data refer to
non-ambiguous and elementary bits of infor-
mation. Information, then, can be thought of
as structured or formatted data that are ready
for transmission. From this perspective, knowl-
edge can be considered as the conceptual and

factual contexts that enable individuals or
organizations to intérpret or give meaning to
messages. Of course, thinking about knowledge
and information in an economic sense (that s,
as a commodity) allows us to begin thinking
about their transfer into use.

Not surprisingly, when we think of
innovation, we often view scientists, engineers
and technicians as different and perhaps '
special kinds of knowledge workers. Relying on
this sort of view, or restricting our view of the
system to the very highly trained and talented
individual researchers, should be avoided.
Instead, the critical interpretation ought to

be one that is based on the social organization .

of knowledge, the distribution of knowledge
and production.

Today, what fundamentally distinguishes
scientific workers from others is not their
methods, the nature of the knowledge they
generate, nor the system through which they
obtain financial support. Instead, research
throughout the OECD strongly suggests it is
the reward structures that exist for knowledge
workers as well as the social and political
arrangements put in place to organize this
work, such as laboratories, institutes and
universities. '

The crucial distinction from the national
system point of view has to do with the ideas
of an open community of scholars and the
proprietary research community. For the
open community, research and the research
community are organized around the mission
of adding to the public stock of knowledge.
This is largely paid for from the public purse
(that is, tax dollars) and is made generally and
openly available across borders through journals,
published articles, scientific correspondence,
lectures and so on. For the proprietary research
community, the economic value of research is
appropriated by the organizations (largely
firms) that sponsor or undertake it. This
can be contained in the form of intellectual
property rights, patents, licenses and so’on.
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Edmonton and Vancouver. What these examples
have in common is a success resulting from
government—business collaboration (involving
governments at every level), the presence of
infrastructure, the availability of knowledge
centres (such as universities and colleges),
good skill sets in its local people, and patience
coupled with vision.

Of course, not every local system of
innovation specializes in the same areas.
Some have strengths in biopharmaceuticals
or microelectronics, while others might focus
on transportation technologies. This is another
important characteristic of this networked
reality — what some call the clustering or
swarming effect. Once local centres have chosen
to compete in a small range of industries,
technologies are bought (technological
trajectories), firms, both competitors and.
suppliers, gather because of the availability
of skills, etc., financial institutions learn to
work with the peculiarities of the particular

industries involved, and competitive reputation

builds. This combination of factors creates
an attractive environment for other firms,
more investment, upgraded and extended
infrastructure (funded both locally and from
government sources), and so on. In other
words, mechanisms and synergies develop.

Concvluding Remarks

The preceding discussion is conceptual, but it
has considerable import or potential for
reframing discussions about science, technology
and innovation policy in Canada. Canada has

a small, open economy. It has a limited market,
limited resources available for research and
development, a highly distributed population,
and an industrial profile that still reflects

both its national resource heritage and a

heavy presence of foreign multinationals.
Therefore, developing a critical mass in
investment, technology and industry has

long been problematic.

But we have an excellent string of universities
across the country, a talented research base,
a sophisticated consumer base, access and
proximity to a large and highly developed

market to the south, and recognized prowess in
areas like telecommunications, remote sensing,
multimedia technologies, transportation
technologies and biomedical research. In other
words, we have everything we need to compete
internationally on the basis of our national
system of innovation.

The keys to unleashing this potential will
be found in our capacity to reframe the S&T
debate. As important as they might be, we
must not restrict our view of the new knowledge
economy to the performance and funding of
R&D with the vain hope that, if told to, our
universities and government labs will do the
kind of research that our firms need, and will
pass on this new knowledge in a market-usable
form. Innovation does not start in the labs
and then spread evenly across the economy.
Innovation and economic growth are systemic
and depend equally on entrepreneurs, teachers,
financiers, technicians, managers as well as
researchers. We need to see innovation as a
learning process in which we are all partners.
This involves a major shift in the way in which
the Government of Canada sees science,
technology and innovation. But it also shares
the responsibility (and opportunity) for
local and regional growth with researchers,
politicians and entrepreneurs in each locale.
The OECD countries are waking up to the
potential of national and local systems, We
must not allow ourselves to fall behind. If we
think that innovation and knowledge are
too expensive, just think how expensive the
consequences of ignorance and lethargy
will be.
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A Road Map through Rhetoric and
Reality: Some Observations on
30 Years of Federal S&T Reviews

by Paul Dufour®

-

bservers of the science policy debate

in Canada over the past 30 years would

not be faulted if they were to conclude
(paraphrasing British wartime Prime Minister
Churchill) that never has so much been
written by so many with so little effect. The
volume of published material could lead to
this conclusion.

Of course, this is a cynical view. It overlooks
an important result of the long-standing science
policy debate in Canada on this important
investment issue to galvanize the general
public, the decision makers and the research
community to view science and technology
(S&T) issues as central to broad social and
economic goals.' Science policy, like science
itself, is undergoing rapid change, forcing
the institutions of government to become
flexible enough to deal effectively with both
the support of science and innovation and
the use of S&T for policy.

Change is the constant factor in these
reviews of the government’s approach to S&T
management. As communications theorist
Marshall McLuhan has argued:®

The habit of always using the rear view mirror
for navigation is now yielding because at jet
speeds the rear view mirror has proved to be an
unreliable device. But, also, at very high
speeds, it becomes possible to recognize
environmenis that were previously not
noticeable.

It is for this reason that it is important to step
back and look schematically at what has trans-
pired in the past 30 years as Canadian govern-
ments have examined the role of science in
society and public policy for research. What has
been explored and what has been learned?
This essay builds on A Selected Bibliography of
Major Federal S&T Policy Reports, which
appeared in the Resource Book for Science and
Technology Consultations: Volume I, and puts some
of these source materials into a more nuanced

focus on the forces that have shaped the
Canadian debate.

Some Early Inventories of the
Science Policy Debate: 1960-77°

The Canadian debate on how S&T has been
perceived within the public policy arena has an
extensive history. It is fairly well documented,
as the reader can glean from books on the
history of Canadian science and engineering
as well as on its leaders and heroes, along with
various institutional histories of major organiza-
tions like the Geological Survey of Canada, the

* Paul Dufour is a senior policy analyst at Industry Canada.
He is a senior research fellow at the International
Science Policy Foundation and a research associate at the
Program of Research on International Management and
the Economy at the Faculty of Administration, University
of Ottawa. He has authored many papers and books on
science policy in Canada.

! One of the more insightful analyses of conditions shaping
Canadian science policy and still quite accurate is that
by Robert Gilpin, Science Policy for What?: The Uniqueness
of the Canadian Situation (Ottawa: Science Council of
Canada, 1971).

? Remarks made at an International Symposium on World
Trade and Technology held at Gaithersburg, Maryland
(Washington, D.C.: U.S. Bureau of Standards, 1966).

¥ For some of the earlier debates on science policy in
Canada, see G. Bruce Doern, Science and Politics in
Canada (Montreal: McGill-Queen'’s University Press, 1972);
Raymond Duchesne, La science et le pouvoir au Québec
(Québec: Editeur officiel du Québec, 1978); F. R. Hayes,
The Chaining of Prometheus: Evolution of a Power Structure for
Canadian Science (Toronto: University of Toronto Press,
1973).

* For a smattering of such works, the reader could consult
awork by Morris Zaslow, Reading the Rocks: The Story of the
Geological Survey of Canada (Toronto: Macmillan, 1975) or
one edited by Richard Jarrell and Yves Gingras, Building
Canadian Science: The Role of the National Research Council
(Ottawa: Canadian Science and Technology Historical
Society, 1992). For more specific works, the journal of the
history of Canadian science, technology and medicine,
Scientia Canadensis, is a good source.
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Central Experimental Farms, Atomic Energy of
Canada Limited (AECL) and the National
Research Council of Canada (NRC).*

But the deliberate discussion over how
federal government S&T are to be funded and
how their institutions are to be developed
is of more recent vintage. As early as 1946,
immediately folowing the Second World War,
several scientific/industrial groups aggressively
lobbied the government on the role of science
in reconstruction. Underlying principles were
enunciated that strike a resonance in today’s
debates. One such document argued:®

* Scientific research, because of its importance
to economic and social progress, must be
kept out of the realm of partisan politics.

* Its pursuit necessitates the highest degree of
cooperation between business, government
and the universities.

¢ Research is intensely individual, and depends
upon good people. There is no such thing as
“second best” in the field of research.

¢ Fundamental and applied research can
no longer be entirely separated. The war
showed the extent to which they have
become linked.

This document also warned:

Instead of conflict, there should be enthusiastic
cooperation between business and government
and the universities in making a simultaneous
advance on a wide scientific front. Only in this -
way can we hope to harness all of our scientific
resources to the task of meeting changed and
changing world conditions.

Lamontagne Report

Prior to the mid-1960s, before science policy
became popular and the Organisation for
Economic Co-operation and Development
(OECD) instituted its meeting of science
ministers, science policy in Canada was largely
a history of the NRC. The NRC had been
science adviser, national academy, technology
transfer agent, science library, granting council,
training ground for Canadian researchers,

5 See “An Interim Memorandum on Scientific Research in
Canada,” Toronto, 1 October 1946,

]
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and international standards body. It had been
the creator or driving force behind many of
Canada’s premier research agencies, including
the AECL, the Medical Research Council,

the Defence Research Board (and latterly the
Natural Sciences and Engineering Research
Council and Canadian Space Agency).

Because of its legacy, the NRC became the
focus of many of the federal government’s
reviews of S&T. A landmark study of the NRC’s
role and the evolution of science policy was
the four-volume report of the Senate Special
Committee on Science Policy titled A Science
Policy for Canada. Popularly named after its
chairperson, the economist Senator Maurice
Lamontagne, the work spanned a decade from
1968 to 1977. While the Lamontagne report
summarized hundreds of submissions and
testimonials from the Canadian research
community, it did not offer a complete answer
to the problems afflicting Canadian science. Its
major contribution was the authors’ courage to
question many of the dogmas surrounding the
link between public policy and S&T.

While its impacts are still debated, more
than anything else the Lamontagne report made
transparent and certainly more democratic the
public’s knowledge of the science enterprise.
Its recommendations led the scientific research
community to become more accountable for
its activities. As a result, Lamontagne and his
colleagues created a debate in Canada about
the appropriate role and nature of society’s
responsibility for fostering a creative economy.
The scientific community recognized the
need for directing its creative energies along

lines that would benefit the nation, and also
. emphasized the need for balance that would

not destroy creativity by overdirection.

This debate is still with us today. As
The Economist argued in a 7 May 1994 editorial:

The direction of research can change, sometimes
Jor internal reasons . . . sometimes because of
goings-on elsewhere. Governments can shape the
flow without staunching it. But they run the risk
of limiting inspiration and dampening
enthusiasm: a risk practical men should beware.
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Lamontagne’s report cannot be easily
summarized; its recommendations were
numerous and are still quite topical. Among
the suggestions were:

* a National Research Academy (this is
the subject of a recent report from an
independent panel to the federal
government) E

* a Ministry for Science (the idea was
borrowed from the New Democratic Party,
which argued for such a ministry in 1967)

¢ a Canadian Innovation Bank (which would
provide risk capital for local entrepreneurial
talent)

® aresearch and development (R&D) expen-
diture target that would reach 2.5 percent
of gross domestic product by the year 1980
(the figure is 1.5 percent today)

® anincrease in the proportion of industrial
research in R&D expenditures to 60 percent
by 1980 (industry performs about 54 percent
today).

The Senate committee’s output generated a
considerable debate in Canada and elsewhere.
Indeed, the OECD issued a major report on
Canada’s S&T system in 1969, just at the time
the Lamontagne hearings were in full swing.
All this focus on S&T engaged the attention
of many in the scientific community, leading
to the creation of a journal called Science Forum
(no longer published).

According to a 1972 summary® of some of
the work by the Lamontagne committee, the
following themes emerged:

¢ Investment in scientific research must
follow the pattern of national priorities and
must give special importance to industrial
research.

* There must be a more precise evaluation of
scientific research so as to terminate what is
no longer valid and shift investments to new
priorities when these present themselves,

REsouRce Book FOR SCIENCE AND TECHNOLOGY CoNSuLTATIONS: VoL. |1

® A coherent organizational system must
replace the conflicting pattern of respon-
sibilities so that a dynamic, ongoing process
can be achieved that will take account of
both the needs of science and those arising
from the changing priorities in national
objectives.

This last point reiterated a recommendation
for the introduction of new machinery for
science policy at the federal level in 1963
in the report of the Royal Commission on
Government Organization, popularly called the
Glassco report after commission chajrperson
J. Grant Glassco, former president of Brazilian
Traction, Light & Power Co. Ltd. Among the
issues explored, the Glassco report’ examined
the organization of science in the Government
of Canada. Commenting that “the failure to
build on the basis of a cohesive program has
not inhibited the spending of public money,”
the report offered some recommendations
designed to strengthen the organization of
science, including the establishment of a
Science Secretariat within the Privy Council
Office. This innovation also led to the creation
in 1966 of a Science Council of Canada to
provide independent advice. The Science
Secretariat eventually became part of the
Ministry of State for Science and Technology
(MOSST) in 1971, and the Science Council
continued to function as an arm’s-length
agency until its dissolution in 1992,

The International Context for Science Planning

The early work of the Science Council of
Canada produced a landmark study in 1968
called Towards a National Science Policy for
Canada (Ottawa: Queen’s Printer, 1968). This
report outlined explicit goals for science policy
and framed them within a broader context of
social and economic strategy. The goals were:

* national prosperity

¢ physical and mental health and high life
expectancy

¢ Philippe Garigue, Science Policy in Canada (Montreal:
The Private Planning Association of Canada, 1972).

7 See especially Royal Commission on Government
Organization, Volume 4: Special Areas of Administration
(Ottawa: Queen’s Printer, 1963).
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» 2 high and rising standard of education” -
readily available to all

s personal freedom, justice and security for
all in a united Canada

e increasing availability of leisure and
enhancement of opportunities for personal
development '

s world peace based on a fair distribution of
the world’s existing and potential wealth.

This period was also one where “mapping” -
of science and research capabilities was seen
as important to the debate. In addition to its
early reports on major programs such as space
programs, water resources and the Intense
Neutron Generator proposal, the Science
Council of Canada began producing assess-
ments of scientific disciplines in Canada in
conjunction with scientific societies. This
was an essential part of the data base and .
information required for understanding both
the nature of science and its core capability -
in Canada. So too was the development of the
science of science — indicators of the health of
research — which had emerged as a bona fide
activity in many countries. .

It was also a time when governments around
the world were exploring the emerging role of
science in society, when university research was
well funded and when science policy was little
coordinated within the central machinery
of government. The OECD began a rigorous
examination of these issues and in 1969 pub-
lished numerous inventories and assessments
of the research systems in various countries,
including Canada.

Probably the most cogent report to
summarize the thinking of this early science
policy period is found in the OECD’s Science
Growth and Society: A New Perspective published
in 1971 and authored by a group of experts led
by Harvey Brooks, the Dean of Engineering at
Harvard University. This report captured much
of the debaté in that period over such issues as
integration of science policies with economic
and social policies, the role of multinational
firms in technological progress, international
aspects of environmental problems as well as .
science and development along with science
policy and general planning. Many of the issues
raised by the report dealt with S&T priority

]‘ 1
2% 1.

setting within government and how science
policy can be used to serve national and
international goals.®

The ’1977-?84 Cdnsolidation
Period: Technology Emerges as
a New Economic Currency®

When the Lamontagne Senate committee in
1977 produced its last volume, the Canadian
science policy debate was fully joined. Scientific
associations and industrial lobby groups picked
up some of the issues respecting innovation
and economic growth. Technology forecasting
and technology assessment, which had emerged
in the early 1970s, became popular decision-
making tools within some industries and
government agencies. The provincial govern-
ments also joined the fray with policies and
new programs to stimulate and promote
innovation and technological development.
Quebec, which had instituted a Conseil de la
science et de la technologie in 1972 to advise
its government on S&T policy-issues (the

first province to create such a structure), also
established its first in a series of programs

for R&D tax incentives to augment industrial
innovation by Quebec firms. Quebec produced
a flurry of white papers and policy documents
on the role of S&T in Quebec society. Other
provincial governments had begun a dialogue
with their science and engineering communities
to look at ways to shape their respective
innovation infrastructures.

Within the academic and business
communities, a vigorous debate emerged over
the reasons for Canadian underperformance

8 For a discussion of the intérnational debates on science
policy during that period, see International Science Policy: A
compiilation of papers frrepared for the 12th meeting of the Panel
on Science and Technology by the U.S. House of Representatives
Committee on Science and Astronautics (Washington, D.C..
U.S. Government Printing Office, 1971); see also the
interesting paper on the Canadian debate in that volume
by Senator Allister Grosart, “The Legislative Role in
Science Policy.”

? For a useful bibliography of articles, documents and

: books on technology policy in the 1963-83 period,
see Gérard Boismenu and Graciela Ducatenzeiler,
Technologie el Politique au Canada: Bibliographie 1963~1983
(Montreal: Cahiers de ’ACFAS, 1984). :
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in industrial R&D and the need for improve-
ment. This discussion was probably best
represented in the writings of the Science
Council and the Economic Council of Canada,
in which the interventionist technological
sovereignty arguments of the former were
pitted against the free market ideology of

the latter. In reality, much of this debate was
about the appropriate role of governméent in
supporting industrial innovation and providing
a climate conducive to creative talent in a cold
climate. Also prevalent was a debate between
the Canadian science community and the ™
government over the degree to which research
could be directed.

Further debate during this period took
place on the role of energy policy and technology
especially with respect to nuclear futures,
Canada’s space program, science and devel-
opment, foreign ownership and its impact on
R&D performance, the development of science
in the North, the introduction of information
and telecommunications technology, and
funding for university/research personnel.
Also on the agenda was the emergence of the
notion of Canada as a conserver society and
an array of environmental issues.

Science Policy and the Rise and Fusion
of MOSST?

By 1977, the Ministry of State for Science
and Technology (MOSST), which had been
established to encourage the development and
use of S&T in support of Canada’s economic
“and social goals, was into its fourth minister (as
of August 1994, Canada has had 20 ministers
responsible for science since 1971). MOSST
had been involved with a number of key ele-
ments of the government’s portfolio approach
to S&T. Among them were the development of
a science policy framework to provide guidance
on scientific activities to all departments and
agencies in terms of science priorities and
strategies, the development of annual science
expenditure guidelines for use by government
departments and agencies (in conjunction with

1 For an assessment of the role of Ministries of State and
why MOSST had difficulty in having its analyses accepted
and implemented by government departments, see Peter
Aucoin and Richard French, Knowledge, Power and Public
Policy (Ottawa: Science Council of Canada, 1974).

Statistics Canada), and an annual assessment .
of accomplishments in federal government
science activities, largely through its Main
Estimates and annual reports to Parliament.

MOSST had developed the so-called make-
or-buy policy in 1973 designed to increase the
proportion of government R&D requirements
contracted out to industry, a traditionally weak
performer, rather than performed in-house.
The government’s contracting-out mechanism
under this policy is still in place. While S&T
had until then played a relatively small part in
the decision-making frameworks of government,

-it gradually emerged as a central factor in eco-

nomic growth and social change. The 1974
Speech from the Throne stated that MOSST’s
role needed to be strengthened to ensure more
efficient use of human resources and scientific
activities in pursuit of national goals. This led
to a better definition of the roles of the NRC,
Science Council and Defence Research Board,
and ultimately to the establishment in 1978 of
the Natural Sciences and Engineering Research
Council and the Social Sciences and Humanities
Research Council. The Speech from the
Throne had also for the first time articulated
the objectives of science policy as:

the rational generation and acquisition of
scientific knowledge and the planned use
of science and technology in support of
national goals. :

In 1978, the Minister of State for Science
and Technology released a discussion
paper and announced some measures to
strengthen and encourage R&D in Canada.

" These included a new national priority of

reaching a target of 1.5 percent of gross
domestic product for R&D expenditures by
1983. This became an ongoing question at a
time when money was still available, and when
there existed the prevalent yet mistaken notion
that R&D was the only input to innovation.
Also announced were efforts to use federal
government procurement to stimulate R&D,
open federal laboratories to the private.sector,
increase funding for university research in
areas of national concern, and develop Centres
of Excellence on a regional basis.
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In 1981, MOSST announced an R&D
Planning Framework to put more flesh on
the 1978 measures. Targets were notionally
assigned to each R&D-performing sector of
the economy, and an attempt was made to
assess progress toward these targets. This was
followed with a May 1983 statement by the
minister proclaiming A Technology Policy for
Canada.!’ This action had been influenced in
part by the establishment the previous year of
a special working group of the Group of Seven
(G-7) most advanced world economies, which
includes Canada, on technological change and
development at its first summit meeting, held
in Versailles, France. It was also the first time
that government policy in Canada explicitly
recognized the importance of technology to
economic growth and quality of life issues.

Released prior to a national electoral
campaign, the 1983 statement had four broad
objectives:

* strengthen the Canadian economy through
creation, application and diffusion of
state-of-the-art technologies

* make Ganadians aware of the opportunities
and problems that might arise from the
process of technological change

* ensure that the benefits of technology
development are shared equitably among
all Canadians in every region

* encourage a social climate that places a
premium on scientific and technological
excellence, curiosity and innovation.

The report also identified how these
objectives would be applied to the business,
university, labour and government sectors,
including the provinces. Among its policies,
the government announced the establishment
of a special subcommittee of the federal Cabinet
designed to integrate critical technology devel-
opment decisions in all policy areas and to
increase the coordination of federal incentives
for research and technology development.

The 1983 policy also announced a number
of specific measures dealing with R&D tax
incentives, new research facilities, greater
outreach to small business through additional
funding of NRC’s Industrial Research Assistance
Program (IRAP), increased funding to the
granting councils, a fund to promote public

. awareness of 8&T, and strategies to improve

the position of strategic technologies in

areas of biotechnology, communications and
microelectronics. In November of that year, the
government held the first major conference on
prospects for technological change in Canada.
Called the Canada Tomorrow Conference, the
event brought together more than 700 parti-
cipants to debate both the promise and pitfalls
of technological change on Canadian society. It
marked the beginning of a decade-long series
of public consultations on S&T. The opening
statement by the Prime Minister on the role of
government in this enterprise is worth noting:'?

The government must be more than a patron of
technological enterprise, more than a source of
Sfunding, for even more fundamental is the
government’s responsibility to help manage the
impact of technological change, and to act as an
honest broker between competing forces in the
movement towards a technologically sophisticated
society. . . . The government’s preoccupation must
be to ensure that the benefits of this revolution
outweigh the costs.

‘National Consensus and

Convergence of Policy Eﬁorté:
1984-93

Following a change in federal administra-

tion in 1984, the S&T policy debate in Canada
became much more attuned to economic
imperatives and nation-building objectives. The
new government’s first term saw the launch of
free trade negotiations, the introduction of a
deficit reduction program, the results of the
Royal Commission on the Economic Union
and Development Prospects for Canada (the

" The first attempt at a technology policy statement had
been published four years earlier by the Science Council
of Canada, Forging the Links: A Technology Policy for Canada
(Ottawa: Science Council of Canada, 1979).

2 Canada Tomorrow Conference, Procéedings, November 6—9;
1983 (Ottawa: Supply and Services Canada, 1984), p. 8.
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Macdonald commission), and considerable
energy devoted to a national approach to S&T.
In successive budgets and Speeches from the
Throne, the government announced various
measures to strengthen the S&T base in Canada.

The efforts of the government to make its
public labs more relevant to the economy
received a considerable boost from several
reports. A discussion paper on A Future for
RE&D in the Public Service? (Ottawa: Professional

Institute of the Public Service of Canada, 1983)

had presaged the difficulties and stress
affecting federal R&D. The report of the Task
Force on Federal Policies and Programs for
Technology Development chaired by Douglas
Wright, President of the University of Waterloo
(Ottawa: Supply and Services Canada, July 1984)
and a report of the Senate Standing Committee
on National Finance, Federal Government Support
Jfor Technological Advancement: An Overview
(Ottawa: Senate, 1984) were two examples

of key examinations of the government’s
approach to its own labs.

The Wright report assessed the effectiveness
of government’s industry support programs,
the government’s procurement of technology-
intensive products and its support for university-
industry linkages. It had a receptive audience for
its argument that certain of the government’s
programs administered by the NRC should
continue to be supported, but that others
should be more responsive to the market-
place, with the suggestion that a model for
government-owned, contractor-operated labs
might be developed. Such an experiment
has since been put in place at the Burlington
Wastewater Technology Centre, for example.

The Senate finance committee report
addressed several well-known deficiencies in
Canada’s innovation system. It recommended
that grant and contribution programs to
support R&D should be responsive to the
needs of industry and the marketplace; that a
re-examination of the rationale for the federal
government’s support of technology centres
across the country should take into account the
provincial initiatives already in place; and that
the intramural R&D programs of federal depart-
ments and agencies should be reviewed to
exclude from them any activities that could be
done more appropriately in the private sector.

These reports were soon followed by
a massive program review of government
operations conducted by the parliamentary
Task Force on Program Review under its chair-
person, Deputy Prime Minister Erik Nielsen.
Its 17th volume, Economic Growth: Services
and Subsidies to Business (Ottawa: Supply and
Services Canada, 1986) contained some of
the same recommendations put forward
by the Wright report respecting public labs.

The National S&T Policy Saga

The nation-building exercise was kicked

off by a federal-provincial meeting in Calgary
of ministers responsible for S&T, which was
reported in a February 1985 working paper

by the MOSST minister titled Science, Technology
and Economic Development (Calgary: Ministry of
State for Science and Technology, 1985). In
addition to a series of statistical profiles of
Canada’s S&T performance, the report
brought forward a discussion of four familiar
themes: increasing private sector investment in
innovation, accelerating the rate of diffusion of
technology, redefining the role of government
R&D, and recognizing the importance of
academic R&D.

A major national forum sponsored by the
federal government and hosted by the Science
Council of Canada took place in Winnipeg
in June 1986. The opening speech was on
“Science and Technology: Developing a
New National Purpose for Canada for the
21st Century,” in which the MOSST minister
asked for views on how the federal S&T budget
could be more effectively spent to forge better
linkages between universities, research
institutes, colleges, private sector firms,
government labs, and schools.

The minister later asked the Science Council
of Canada to undertake an evaluation of the
effectiveness of public sector funding of
R&D in Canada. Among other things, the
Science Gouncil’s response to the minister
concluded that direct transfers from the
government to the business sector, excluding
tax incentives, had played a minimal role in
increasing industrial R&D in Canada.

On 4 March 1987, the Prime Minister
delivered a major address on R&D at the
University of Waterloo. The address was an

.
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open challenge to the private sector to increase
its R&D efforts and to redouble efforts to
transfer technology out of university and
government labs into industry. He closed with
an appeal to all stakeholders to understand
how Canada’s technology can strengthen
national sovereignty and territorial integrity.'®

A National Science and Technology Policy
was signed in Vancouver on 12 March 1987 by
the federal, provincial and territorial ministers
responsible for S&T. This policy, the first of its
kind in Canadian history, outhned SiX
objectives:

¢ improving industrial innovation and
technology diffusion

* developing strategic technologies

o ensuringvthe necessary pool of highly
qualified people

* supporting basic and applied research and
development

* dealing with the impact of technological
change in society

* promoting a more science-oriented culture.

To implement these objectives, a Council
of Science and Technology Ministers was
established and an action plan was developed
to push forward each of the areas identified in
the national S&T policy. The federal response
to this policy, InnovAction: The Canadian Strategy
Jor Science and Technology (Ottawa: Ministry of
State, Science and Technology Canada, 1987),
was announced two weeks after the Vancouver
meeting. This five-track strategy put forward
$1.5 billion in support of a federal micro-
electronics strategy, a new technology centres
policy for the management of key federal labs
and external technology centres aimed at
promoting technology diffusion, funding for
the Networks of Centres of Excellence, a
Canada Scholarship Program for under-
graduate students, new funding for unsolicited
proposals program for government

' The National Advisory Board for Science and Technology
(NABST) chaired by the Prime Minister to give him
guidance on key S&T policy issues had been previously
announced; see the essay on the National Advisory Board
for Science and Technology beginning on page 67 in
this volume. -

procurement, increased funds for IRAP, and
an increase to the matching policy funding for:
university research. :

A Decision Framework for S&T in the
Government’s Management of S&T Activities -
was also announced at this time. Prepared by
MOSST at the request of the Prime Minister,
the Decision Framework was demgned to assist
science-based departments and agencies to
manage their S&T activities, and was intended

"for use as the basis for an annual overview of
federal S&T strategic directions for Cabinet
and the National Advisory Board for Science
and Technology (NABST). It was related to-
three major purposes: economic and regional
development, support of government missions,
and advancement of knowledge and the supply
of high-quality personnel. Its expectations
were for better-informed government decisions
in matters of S&T, improved coordination
of federal S&T, stronger S&T activity by the
private sector, and a flexible tool for federal
S&T program managers to make their programs
more relevant

In November 1987, the Council of Science
and Technology Ministers presented a Discussion
Paper on Canada’s Research and Development Effort
to the Annual Conference of First Ministers
held in Toronto. The discussion paper suggested
a number of steps that First Ministers could
take to improve the situation, such as consid-
eration of a concept of a national Network
of Centres of Excellence and development of
R&D priorities within industry sector by sector.

In January 1988, a National Conference on
Technology and Innovation was hosted by the
Prime Minister in Toronto. Bringing together
Canada’s leading industrialists, decision makers,
financiers and academic representatives, the
conference was followed quickly by a series of
five regional conferences across the country to
develop an action plan on key issues affecting
Canada’s innovation: The result was a series of
mission statements put forward to challenge the
private sector in matters of leadership, finance,
the workplace, education and training, and
public awareness.
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Throughout this period, federal investment
in S&T was strengthened in a number of ways,
including support for the Canadian Institute
for Advanced Research, participation in inter-
national science programs and the establishment
of funds to support international linkages,
notably in Japan and Europe; support for
specific federal-provincial S&T subagreements,
especially with Quebec, British Columbia and
New Brunswick; the creation of the Canadian
Space Agency, and the first long-term space
program, including approval of RADARSAT;
improvements to the tax environment for
R&D; and funding for several new institutes
of technology development.

The House of Commons Standing Committee
on Industry, Science and Technology, Regional
and Northern Development examined several
specific issues on the S&T policy front, including
the space program and the future direction
of IRAP. Its omnibus report, Canada Must
Compete (Ottawa: House of Commons, 1990},
attempted to summarize all that was deficient
with respect to support for R&D and
innovation in Canada.

Among its 31 recommendations, the report
resurrected the idea that Canada’s target for
gross expenditure on research and develop-
ment (GERD) should be 1.9 percent of gross
domestic product by the year 2000. It urged
adoption of a federal government five-year
science expenditure plan, expansion of the
Networks of Centres of Excellence program,
establishment of a secretariat within the Privy
Council Office to coordinate federal science
policy and related resource allocation across
departments, development of scientific and
technical skills within the labour force, and
strengthening and broadening of the IRAP
network, especially in the North. The
Government Response to Canada Must Compele
(Ottawa: House of Commons, May 1991)
contained detailed replies to each of the
recommendations.

Provincial Efforts

Meanwhile, provincial governments continued
considerable experimentation in support of
industrial R&D and innovation. New policy
structures were created, including new minis-
tries responsible for technology and research as
well as advisory structures for S&T. For example,
British Columbia’s S&T policy, announced in
1987, served to guide public policy for invest-
ments in S&T. Several provinces, including
British Columbia, Quebec and Ontario,
established wholly dedicated technology funds.
Others increased the use of their provincial
research organizations to serve the needs of
small business development and technology
diffusion.

The OECD published a report on Innovation
Policy: Western Provinces of Canada (Paris: OECD,
1988), which advocated a stronger innovation
culture in the provinces, giving particular
attention to the need to diversify traditional
natural resource-based economies.**

In 1989, all of the science policy advisory
mechanisms within the federal and provincial
governments came together under the National
Forum of Science and Technology Advisory
Councils. Four meetings have been held so
far, each hosted by a different province and
dealing with a different theme of S&T policy.
The recommendations have covered a broad
spectrum of public policy concerns affecting
the development of innovation in Canada.

Competitiveness, This Time with Feeling

The competitiveness debate also received
considerable play in the 1989-93 period.'
Among these were several reports by NABST,
the Economic Council of Canada, the Science
Council of Canada, and industrial associations
such as the Canadian Advanced Technology
Association, the Canadian Chamber of
Commerce and the Canadian Manufacturers’
Association. The Royal Society of Canada

M See Paul Dufour and John de la Mothe, eds., Science and
Technology in Canada (Harlow, U.K.: Longman, 1993),
chapter 3.

5 Fora digest of some of these studies, see Industry,
Science and Techinology Canada, An Ouerview of Selected
Studies on Canada’s Prosperity and Competitiveness (Ottawa:
Supply and Services Canada, 1992).
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also attempted to play a stronger role in the
national S&T debate with reports on public
awareness of science, the increased role for
women in science and engineering and the
status and opportunities for Canadian science
in selected fields of research such as materials
and molecular biology.

A major report on Canada’s competitiveness,
sponsored by both the federal government
and.the Business Council on National Issues,
was written by Michael Porter of Harvard
University, titled Canada at the Crossroads: The
Reality of a New Competitive Environment (Ottawa:
Monitor, 1991). The Porter report reviewed
25 specific industry sectors'® in relation to
education and training, S&T, environmental
and other regulatory policies, procurement
and competition policy. Porter recommended
that Canadian firms should improve their
competitive edge by redefining their rela-
tionship with governments, especially in
cooperating with the federal government to
make publicly sponsored R&D, training and
education more commercially relevant. Porter
also challenged the government to rely on
incentives instead of grants and to improve
intergovernment financial policy coordination.

Triggered by the NABST competitiveness
statement of 1991, which highlighted the
serious problems facing the country in its
competitiveness, the federal government
launched a major national consultation on the
country’s competitiveness in October 1991 in
partnership with the private sector. Known as
the Prosperity Initiative, it was designed to
produce a plan of action for securing Canada’s
future economic and social well-being.
Co-chaired by Marie-Josée Drouin, Executive
Director, Hudson Institute of Canada,
Montreal, and David R. McCamus, Chairman
of the Board, Xerox Canada Ltd., Toronto, the
20-member Steering Group on Prosperity
produced a b4-recommendation action plan
for Canada’s prosperity called Inventing Our
Future: An Action Plan for Canada’s Prosperity

~ (Ottawa: Supply and Services Canada, 1992).

Within the context of this exercise, a Task
Force on Challenges in Science, Technology
and Related Skills, co-chaired by Janet Halliwell,
Chair, Nova Scotia Council on Higher
Education, Ottawa, and Francesco Bellini,
President and CEO, BioChem Pharma Inc.,
Montreal, was asked to put forward a framework
of action outlining how Canada can best benefit
from science, technology and engineering. The
Task Force report, Prosperity Through Innovation

. (Ottawa: Conference Board of Canada, 1992),

reviewed six major themes of innovation:
creating advantage with people, financing
innovation, globalization, science and
engineering infrastructure, and sustainable
development. The Task Force recommendations
were directed at all stakeholders, including
governments, educational institutions and

the private sector. Among the more novel
recommendations was a Competitiveness
Council to provide leadership in matters of the
economy and society, and a Technology Change
Centre to analyze international S&T linkages,
predict emerging trends in technology and
assess the influence of new technologies on

the Canadian quality of life.

All of this was taking place while govern-
ments around the world were re-examining
how technical change and innovation affected
economic growth and quality of life, and
how public policy can best be used to ensure
that innovation and technology respond to
domestic needs and global concerns. The
OECD was engaged in a round of workshops
and analyses that led to the Technology

_ Economy Program in 1989-91."7 This exercise

represents as good a synthesis of the directions
for technology policy and all its facets as can
be found anywhere else. Indeed, the report is
just as much a landmark study as the Brooks
report of 1971 referred to earlier.

16 Sector-specific analysis had been applied previously in
the Science Council’s studies of 15 industry sectors, and
was also taken up by the Conseil de la science et de la
technologie in a large-scale analysis of Quebec’s
industrial/technology clusters in 1992-93,

1" See Technology and the Global Economy: Summary of
Discussions, An International Policy Conference held
3-6 February 1991 in Montreal (Paris: OECD, 1991),
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In Canada, the Canadian Institute for
Advanced Research began a major international
research program on economic growth and
public policy, with technology and innovation
at the core of the study. In the United States,
numerous studies by institutions such as
the Office of Technology Assessment, the
Competitiveness Policy Council and the
Carnegie Commission on Science, Technology
and Government provided candid assessments
of the growing importance of technology to
the central functions of governance. The Asia-
Pacific Economic Conference launched a
working group on S&T to explore how scientific
research can be used to promote regional
cooperation and economic/trade objectives.
The Carnegie commission launched an
informal club of G-7 science ministers to meet
biannually to discuss issues of concern and
converging policy approaches to technology
and research support. The OECD established a
Megascience Forum for governments and their
respective science communities to discuss plans
for cooperation and creation of big science
projects. The questions of the impact of
technology on employment emerged front
and centre as major policy concerns of all
governments. And the question of public
attitudes to S&T also received considerable
play in the policy agenda.

In all of these areas, the S&T policy debate
has shifted from a somewhat marginal role to
a central one in national economic and social
agendas. National systems of innovation have
replaced the traditional S&T policy vocabulary.
Considerable attention is now being paid to
strategic partnerships, benchmarking, research
output indicators, and priority setting as science
and research enter a steady-state phase. The
emphasis on applied results from the fruits of
research is growing, and efforts are under way
to direct publicly funded research to commer-
cially applicable products and processes. New
institutions have been established to address
future trends in industrial technology, fore-
casting of critical technologies, and improved
advice to the highest levels of government.

From Lamontagne to Prosperity:
Where Now?

T'he long series of debates and reports on
science policy (now innovation policy) in
Canada has produced numerous recom-
mendations on how to improve economic
competitiveness and quality of life. Some of
these reports have had considerable impact
and success, others less so. It is difficult in
many instances to establish cause and effect.
Was the introduction of special R&D tax
incentives in 1978 the cause of the relatively
rapid increase in industrial R&D research in
Canada after 1978? Are Canadians to be satisfied
with achieving the target of 1.5 percent of gross -
expenditures on R&D as a proportion of gross
domestic product in 1993, almost 15 years
after such a target had been postulated by
Lamontagne? To what extent did numerous
recommendations on improving the climate
for pharmaceutical research in this country
lead to an increased investment portfolio by
large pharmaceutical firms in Canada? What
were the factors/recommendations that led to
the fusion of the MOSST into a new department
of Industry, Science and Technology Canada
and then to a department of Industry Canada?

The nature of the public policy process
is such that in many instances the process
undertaken is just as critical as if not more
than the product. Indeed, in a number
of cases, forthcoming recommendations are
implemented before the final product is made
public. Further, repetition can help. In many of
the reviews noted above, similar recommenda-
tions have been made. But conditions must be
right to achieve implementation. Thus, timing,
leadership and personal commitment can often
make the difference between the adoption
of a course of action and its relegation to the
dustbin of history. At times, public policy
efforts in other countries can propel Canadian
action. Because ideas know no boundaries,
it is critical to maintain a watching brief on
developments around the world. Occasionally,
what an international body or group says about
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Canadian innovation efforts can have more
impact than what is said at the domestic level.
Similarly, powerful new strategies in other
nations that change the context of international
competition can have major impacts upon

the kinds of options that should be explored

in Canada.

Rarely have these examinations led to
radical change. Much of what has transpired
has been incremental, but it has led to gradual
transformation of how research and innovation
in this country are managed and performed.
Some of the change has been institutional, with
experimentation in how to change behaviour
among the government, industrial and
scientific communities. Other advancements
have come about because of the commitment
of champions for change. The common
threads to all of these reports reflect the
specific history, economic structure, research
infrastructure and institutional developments
unique to Canada. Because of this, it is no
surprise that similar themes have emerged in
the Canadian S&T policy debate. Differences
in approach have arisen as a result of urgency,
fiscal constraint considerations, new forces
in the globalization of knowledge, and the
ability of stakeholders to marshall persuasive
arguments for change.

In June 1993, NABST issued the first of two
reports calling for a coherent approach to
setting S&T priorities horizontally across the
federal government.

With the February 1994 federal budget,
the government has announced its intention
to conduct a review of federal S&T and to
move toward the development of a national
S&T strategy. The June discussion paper
Building a Federal Science and Technology Strategy,
companion piece to these Resource Book
volumes, places research and innovation at the
centre of the public policy debate over how to
create jobs and how to allow the integration of
economic with environmental goals to enhance
the quality of life for all Canadians. These
questions are not new, they have been with us
all along. However, the context both nationally
and internationally has changed, as has the
pace with which S&T now imbed themselves in
our everyday lives. The attention government
now is placing on these investments requires
that decisions to address serious social,
economic and environmental problems
and ability to ensure innovation and knowl-
edge are well grounded in sound policy advice.
As one observer has noted:'®

Science and technology were once the condiments
of our civilization. . . . More recently they have
been regarded as vitamins, tiny quantities of
which could prrevent stunted growth and enable
us to absorb our industrial nourishment. Now
they must be reckoned as the very meat

and potatoes of our economy.

'8 Derek J. deSolla Price, as cited in Reaching for Tomorrow:
Science and Technology Policy in Canada 1991 (Ottawa:
Science Council of Canada, 1992), p. 68.
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by Pardeep Ahluwalia™

6 (JBig science” has become synonymous
with expensive science. The term
therefore often has negative conno-

tations, both in the scientific community and
with the public. Nevertheless, it is a useful

one when discussing a means of conducting
scientific research.

Big science is reliant either on large
facilities, which are expensive to build and
operate, or on large groups of people working
toward a common scientific goal, with all the
related costs of significant personnel and
operating budgets. Some disciplines, such
as particle physics, require both.

There is no conflict between “big science”
and “small science.” Rather, one is an extension
of the other, with the various activities carried
out to different degrees. Both kinds of science
aim to advance knowledge. In most if not all
cases, the move to big science methods results
from technical necessity. It is not possible to
explore the fine structure of matter at the
molecular, atomic or subatomic level without
neutron beams, synchrotron sources and
particle accelerators. The study of the universe
could not be undertaken without astronomical
observatories. Physical examination of the
Canadian continental crust can be achieved only
through the efforts of large groups of scientists
working together. Efforts to map the human
genome require the resources of biomolecular

* Pardeep Ahluwalia is a senior scientist at Industry
Canada. Prior to joining Industry Canada, he carried out
research in pharmacology and behavioural neuroscience,
and has worked at the Natural Sciences and Engineering
Research Council.

! The term “big science” denotes both big science and big
engineering. Projects have the advancement of knowledge
as their main focus, rather than the advancing of economic,
industrial or defence objectives,

In “small science,” an individual conceives of and carries
out.a scientific program, or directs a small group or
laboratory, in defining and executing a project, with

the aid of modest apparatus.

scientists from around the globe devoted to a
single problem. The study of systematic genetics,
which relies on statistically elusive results, can
work only through extensive, focused effort.

These are some examples of the types
of activity under the general heading of big
science. A more detailed list of Canadian
activities in big science is provided in Table 1.
In many cases, the scientists working in these
research areas consider themselves to be doing
small science. But the approach required,
either in using large facilities or a big coordi-
nated group of researchers, means that they

are in fact involved in big science.

Big science is increasingly international
because large facilities are becoming too
expensive for most countries to build and
operate on their own, or because the scale of
the problem requires a concerted effort from
researchers around the world. Sometimes,
big science may be the only way to make a
quantum jump in knowledge (e.g. the Large
Hadron Collider or the Sudbury Nutrino
Observatory). By participating in international
big science projects, Canadian scientists can
conduct research at the leading edge in various
scientific areas at a fraction of the project’s
total cost. At the same time, they have access to
the full intellectual and economic benefits of
the project, as the following examples show.
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The James Clerk Maxwell Telescope in
Hawaii is a joint project of Canada, the
U.K. and the Netherlands. The Canadian
contribution to this world-class radiotelescope
is $1 million per year, or 25 percent of the
annual $4-million budget for the facility. For
this contribution, Canadian scientists are
guaranteed 25 percent of the observing time of
the telescope, and have full access to all results
obtained by other partners. In addition, this
partnership gives Canada access to all new
technologies developed for the telescope.

The Ocean Drilling Program is a major
international project studying the makeup of
the earth’s crust under the ocean floors. The
Canadian contribution of about $1.3 million
toward the project’s annual $42-million budget
gives Canadian researchers full access to
all aspects of the project. Due to Canadian
involvement, three sites in Canadian waters
have been examined, providing information
of commercial and scientific interest about
Canada’s offshore resources.

Definition

Building from a report of the National
Advisory Board on Science and Technology
(NABST),? the following general definition
for big science was developed by the Natural

Sciences and Engineering Research Council
(NSERC) 2

The primary goal of big science and
engineering is the advancement of knowledge.
Specifically, it :

¢ involves research in basic and/or applied
science and/or engineering as its basic goal

¢ employs a formal organizational structure
to facilitate the research of one or more
teams of scientists, engineers and
supporting technicians

? National Advisory Board on Science and Technology,
“Report of the National Advisory Board on Science and
Technology: Big Science Committee,” Ottawa: 1989,

* Natural Sciences and Engineering Research Council
of Canada, “Big Science and Engineering Research:
A Position Statement,” Ottawa, September 1991.

q
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Status Type of program Canadian role
Existing
and/for large Distributed  lead

Facility/program approved Proposed  facility  program nation  Partner
Astronomy and Solar System
Exploration
Optical Telescopes
s (Canada-France-Hawaii

Telescope L4 4 L4
* Dominion Astrophysical

Observatory L4 L4 L4
¢ Gemini Twin 8m Telescopes L4 L4 L
Radiotelescopes
¢ James Clerk Maxwell

Radio Telescope L4 ° L
¢ Dominion Radio Astrophysical

Observatory o . b
Earth Sciences and Oceanography
Solid Earth Sciences )
* Lithoprobe LN L L
Oceanography
+ QOcean Drilling Pragram LA L4 bl
Fusion
* Tokamak de Varennes b o .
¢ [nternational Thermonuclear

Experimental Reactor (ITER) L4 L4 L
Life Sciences
¢ Human Genome Project L L L4
Global Change
* Bareal Ecosystem Atmosphere

Study (BOREAS) ° ° b L4
¢ (limate Modelling L4 L . L
¢ Global Energy and Water Cycle

Experiment (GEWEX) L4 L L4 L
¢ Joint Global Ocean Flux

Study (JGOFS) ° L4 L] L]
¢ Northern Biosphere Observation

and Modelling Experiment

(NBIOME) ® ° L o
o World Ocean Circulation

Experiment (WOCE) L] L L o
Materials Research
» NRU Reactor at AECL-CRNL ® * *
o Canadian Irradiation

Research Facility L4 e L4
= Canadian Synchrotron Facility . . .
Subatomic Physics
o Tri-University Meson Factory

(TRIUMF) ® L L
o Tandem Accelerator-Super

Conducting Cyclotron (TASCC) ® L4 L
*  Sudbury Neutrino Observatory

(SNO) ® * *
= Large Hadron Collider (LHC) '

at CERN L4 L L]
o ATLAS detector at LHC L] L *
Space
¢ Space Station L L4 L
¢ Radarsat L] ] ]
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® s either carried on with dedicated, single-
purpose equipment and facilities, or
involves a concerted national or inter-
national project composed of numerous
but coordinated subprojects

* isaresearch project or program that is too
costly for federal agencies or departments
to fund within their normal budgetary
resources without serious distortion of
their activities.

As big science projects become increasingly
global in scope, countries have recognized the
need for greater international cooperation and
collaboration. In recognition of this need, the
OECD has established a working group to
examine mechanisms for ensuring increased
cooperation in big science, in the expectation
that the resources available internationally
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for support of big science can be used to their
maximum advantage. At its first meeting in
June 1992, this working group, called the
Megascience Forum, adopted the following
modification of the NSERC statement as a
working definition of big science:

Big science includes single-purpose facilities and
large, complex research prrograms requiring
international coordination that have the
advancement of knowledge as their primary goal,
and that employ formal management structures
to coordinate the research activities.

Projects related directly either to military
issues or to the commercialization of products
or processes were explicitly excluded by the
OECD Megascience Forum.
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Human Resources for

Science,a‘nd Technology

by Elinor Bradley*

n a knowledge-based economy, a nation’s

ability to generate new ideas and innova-

tions, to improve productivity and inter-
national competitiveness and to adapt to tech-
nological change is dependent upon its stock
of scientific and technological knowledge. This
stock of knowledge is part of the human
capital of the scientists, engineers and techni-
cians employed in the country. Since Canada’s
economic future depends on the knowledge
and skills of professionals in science and tech-
nology (8&T), it is important that the supply
meets the demand both now and in the future.

Supply and demand forecasting is, however,
difficult and rarely completely accurate.
Imbalances may and often do occur. Informa-
tion on the current composition and deploy-
ment of scientists, engineers and technologists
is an essential part of understanding supply
and demand dynamics and is a necessary part
of S&T policy making. This article provides
information on some of the characteristics of
the stock of scientists, engineers and technol-
ogists and indicators of their deployment for
1971, 1981 and 1991. It also raises some
questions for further analysis.

Scientific and technological personnel may
be defined in terms of educational credentials
or of occupations. The occupational definition
has been used for this report and the selected
occupations assigned to the two fields below:
Natural Sciences and Engineering
* Physical scientists

* Life scientists

¢  Mathematicians, statisticians and
systems analysts

* Architects and engineers

¢ Architectural, engineering and related
technologists and technicians

Social Sciences

¢ Social s.cientists

* Social workers and related occupations

¢ Librarians, museum and archival scientists

¢ Other occupations in social sciences and
related fields

The data forming the basis of this report
are taken from the 1971, 1981 and 1991
Censuses of Population.

Characteristics of the Stock of
Scientists and Technologists

Between 1971 and 1991, the stock? of scientists
and technologists nearly tripled, from roughly
292 000 to 814 000. However, as in most other
occupations, the year-to-year growth in
scientific and technological occupations was
slower between 1981 and 1991 (4 percent)
than during the previous decade (6.5 percent).
Of these occupations in 1991, roughly 30 per-
cent were related to the social sciences and
humanities and 70 percent were in the natural
sciences and engineering fields.

An important change in the composition of
the scientific and technological work force has
been the entry of an increasing number of
women into the sciences and engineering

* Elinor Bradley is an analyst at Industry Canada. Formerly,
she worked at Statistics Canada.

! National Science Foundation, Science and Engineering
Indicators, 1993 (Washington, D.C., 1993), p. 74.

? The term stock here refers to the experienced labour
force, that is, persons who were employed or unemployed
in the week prior to the Census day, but who had worked
since January of the Census year. The experienced labour
force can be derived by deleting from the total labour
force those unemployed persons 15 years of age or over
who have never worked or who worked only prior to
January of the Census year.
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As Figure 2 illustrates, compared with the
industrial sectors in other G-7 nations, the
contributions of Canadian industry to national
R&D spending are proportionally smaller than
average. This is not surprising, however, con-
sidering the resource-based structure of the
Canadian economy, because resource extraction
industries typically spend a lower percentage
of their sales on R&D than do manufacturing
industries. The reasons for this lower level of
R&D intensity are manifold, including the fact
that many innovations in processes are brought
to market by equipment suppliers, rather than
the resource industries themselves. In the face
of low-wage rate competitors, natural resource
industries are always seeking ways to improve
productivity.

Canada’s historical reliance on natural
resource-based industries, which are character-
ized internationally by relatively low investments
in R&D, has meant that R&D has not grown as
quickly in Canada as in other more diversified
economies. From this perspective, low GERD
figures in Canada are a direct reflection of the
composition of our economy, not the lack of
innovation or resourcefulness. Canadian
technologically intensive enterprises appear to
be competing well in international comparisons
for many sectors. If this perspective is valid,
an increase in the level of industrial R&D
performed in Canada will only be achieved
through diversification that results in a greater
proportion of the economy being made up of
those high value-added manufacturing and
services where more R&D must be performed
to maintain competitiveness.

Policy Objectives

Domestic R&D expenditﬁres grow exponen-

tially as a nation’s economic wealth increases:
GERD is a function of GDP and is tied to a
nation’s level of economic activity. Thus, short
of radical change, overall R&D expenditure
levels are unlikely to' change much. However,
the influence of economic scale on total
spending should not affect the policy debates

.surrounding the sectoral distribution of

that R&D resource. Hence, one nation may
choose to emphasize public sector spending,
while another may choose to allocate. its
resources through the private sector. Once
such choices are made, the very magnitude

of these expenditures make them difficult to
reorient quickly, as in the case of post-cold war
defence R&D programs.

The empirical relationship between GDP
and GERD suggests that there may be some
underlying functional relationship between the
two. Setting an unrealistically high R&D target
could result in less than optimal allocation of
scarce resources elsewhere in the economy
since resources for other sectors would be
diverted to the R&D effort. While governments
and other R&D policy makers may influence
the distribution of expenditures, for instance,
through defence or tax policies, it remains
unlikely that they can change the overall R&D
spending levels to any significant degree. The
most likely way significant increases in R&D
funding will occur will be through economic
growth and structural change.
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The data suggest the following conclusions:

* There are sectoral differences in elasticity
of R&D expenditures, which are not easily
explained on the basis of technologlcal
sophistication.

* In general, foreign-controlled firms’ R&D
expenditures are less inelastic than those
of Canadian-controlled firms.

At the sectoral level, structural dlfferences
between foreign and Canadian R&D performers
are found to be widespread, as measured by
the significantly higher elasticities for foreign-
controlled performers. Emphasis is placed .
on elasticity because of the interpretation of
elasticity as a measure of the willingness of
firms to invest additional resources in R&D
as the size of the firm increases, a finding of
considerable importance in terms of estimating
the contribution foreign firms can make to the
economy. The models suggest that Canadian
firms of the same size as their foreign-controlled
counterparts will continue’to be outperformed
by their foreign counterparts,

Analysis of the Conference Board data also
reveals marked differences in the attitudes of
R&D-performing firms in Canada, determined
by size and ownership, toward various policies
and programs put in place by governments. In
general, large foreign-controlled firms believe
that Canada is a good place to do R&D, while
small Canadian-controlled firms are pessimistic
about R&D in Canada and about government
programs that encourage R&D, in particular.

These outcomes suggest that there may
have to be a set of government policies and
programs for the support and encouragement
of industrial R&D. At the minimum, there are
four distinct categories of firms doing R&D
in Canada:

s small Canadian-controlled
»  small foreign-controlled
* large Canadian-controlled
. large foreign-controlled.

What policies might be required to get
large Canadian-controlled firms to act more
like large foreign-controlled firms, at least

when it comes to investment in R&D? The
Conference Board data set suggests that the
foreign-controlled equivalents are very happy
with the R&D tax credit program. Foreign
enterprises may have some factors that confer
on them advantages not available to the average
Canadian firm of the same size. These factors
probably include access to financing, access
to management skills, and a greater ability

to capture rents on technology developed

in Canada. :

Small Canadian-controlled firms do more
R&D than small foreign-controlled firms but,
as suggested by the Conference Board data,’
are not happywith the current arrangements
Possible policy initiatives to improve the
performance of Canadian firms include ones
common to all enterprises (access to financing,
better management, etc.). Policies spec1ﬁc
to technelogy-based £ firms would help to K
realize the value of technolog1es developed by |
Canadian firms in overseas markets through
programs providing assistance to market ’
them or ol‘hermse maintain their competltlve
advantages. :

Recent analyses suggest that the R&D tax
credit system in Canada does not confer any
special incentive to small companies and that
all tax measures taken together confer more
favourable treatment to larger companies. This
may be a factor in their general disenchantment
with the system, as revealed in the Conference
Board data, Incremental R&D expenditures
occurring as a result of tax incentives show no
significant differences between large and’
small companies. This may imply that non--
tax measures may be required to stimulate
preferentially small and medium-sized
R&D performers

The lower R&D intensities of fore1gn—
controlled small and med1um-51zed enterprises
also call into question what steps are needed to
improve the R&D efforts of this group. Their
performance may be low simply because they,
can get technology at less than market cost
from their foreign parents. Perhaps in an

. overall sense, this is good for Canada, in that

the economy is thus acqulrmg technology
ata lower cost
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— Canada’s Comparative Cost

Advantage in Performing R&D

by Robert Squires™®

he emerging global economy poses
" few barriers to the movement of goods,

services, and physical and human
capital. This is placing considerable pressure
on national and local governments to provide
economic environments that will help existing
and new business interests to succeed.
Globalization also results in a knowledge-
driven, wealth-creating economy. These’
developments represent a chalienge for most,
if not all nations, including Canada. However,
Canada has an important advantage over its
competitors in industrial research and develop-
ment (R&D) services, an area that is widely
considered essential for success in this global,
knowledge-based economy:

The importance of R&D for both firms and
nations is well documented and understood.
One of the challenges facing nations is to
encourage and attract R&D-performing firms.
A firm’s decision on where to perform its R&D
will depend among other considerations on the
relative cost associated with a given location.
Recent evidence from the Conference Board
of Canada' suggests that Canada’s tax system,?
the quality of direct government support for
R&D and the availability of qualified research
professionals all lead to a relatively low
national cost for performing R&D. This
favourable cost position represents

* This analysis was prepared for the Secretariat for Science
and Technology Review by Robert Squires, an economics
research consultant working in Ottawa.

! Conference Board of Canada, Canadian R&D Tax
Treatment, Report 125-94 (Ottawa: Gonference Board
of Canada, 1994); and Conference Board of Canada,
R&D Quitlook, 1994 (Ottawa: Conference Board of
Canada, 1993). '

? For more information on the tax system with regard to
R&D, see Volume I of the Respurce Book, pp. 11 and 29.

a considerable advantage for Canada in terms
of encouraging firms to increase their levels of
an activity, viewed as crucial for survival in the
new economy. There is evidence, however, that
the cost advantages of performing R&D in
Canada are not fully used or recognized by
many of the Canadian-owned firms currently
carrying out R&D in the country.

Cost per Researcher

Using data from the Organisation for
Economic Co-operation and Development
(OECD) as contained in Basic Science and
Technology Statistics 1993, the industry-level
average cost of business enterprise expenditures
on R&D (BERD) per research scientist and
engineer (RSE), for each of the Group of
Seven (G-7) most industrialized nations can be
calculated. The results indicate that Canada’s
average cost per researcher (salaries, operating
costs and capital) is the lowest of all G-7
nations (see Table 1, column 1). Removal of
the industrial sectors for which data for all G-7
nations are unavailable leaves Canada’s overall
ranking unchanged (see Table 1, column 2).

As shown in Table 2, the results of the
electrical equipment, chemicals and drugs
industries underscore the variation in average
BERD per research scientist and engineer
across industries.
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The survey also found that large, R&D-
intensive, Canadian-owned firms tended to
prefer direct government support programs in
Canada over government support programs in
the U.S. There was no clear preference among
foreign-owned firms. As with their views on the
tax system, the firms with more intensive R&D
also tended to be more supportive of direct
government R&D programs in Canada. Firms
characterized as having low R&D intensity
showed a clear preference for direct govern-
ment support in the U.S, The Conference
Board of Canada speculates that fewer oppor-
tunities to take advantage of government
support may arise, because of the lack of a
benchmark against which to compare each
nation’s respective programs.

Attitudes and perceptions regarding
Canada’s overall cost per researcher (OCR)
were also found to differ among foreign- and
Canadian-owned performers. Forty-four percent
of the foreign-owned firms surveyed indicated
that they perceived Canada to have a lower
OCR relative to the U.S. Of the Canadian-
owned firms surveyed, 31.5 percent held the
same view. Canadian-owned small to medium-
sized enterprises viewed the U.S. OCR as being
more favourable.

These perceptions support earlier survey
findings that larger firms, both Canadian- and
foreign-owned, are more knowledgeable
about the costs involved in performing R&D
and more rational in their decision making.
Foreign-owned firms were found to regard the
supply of highly qualified personnel in Canada.
as having favourable attributes. The perception
among Canadian-controlled small and mediwn-
sized businesses that OCR is lower in the
United States may be explained in part by
their lesser ability to attract and hire research
professionals.

Conclusion

T'he evidence suggests that many firms recog-
nize and are taking advantage of Canada’s cost
attractiveness as a place to perform R&D. In
addition to generating knowledge needed to
improve Canadian competitiveness, expendi-
tures on R&D result in many highly skilled,
high-paying jobs. The attractiveness of Canada’s
overall cost per researcher, tax system and

direct government support of R&D appear to
be recognized by those firms that have the
resources required to make such an assess-
ment. Canada’s advantages as a place to con-
duct R&D, however, are not fully recognized or
used by many firms currently performing R&D
in the country. The challenge to governments
at all levels is to promote accessibility and infor-
mation so that the cost benefits of performing
R&D in Canada are more widely available.
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Trade in Advanced

Technology Products

by Robert Squires™

v l ’ vhe rapid development of technology
is affecting virtually every aspect of
Canadian business from production

to marketing. The ability of firms to employ

sophisticated production equipment and to
create products containing advanced technol- -
ogies is viewed as crucial for their innovation
and competitiveness. So too the wealth and
competitiveness of national economies are
closely linked to their ability to employ and
generate such products.

Exports of advanced technology products
(ATPs) are generally perceived as a positive
indicator of a nation’s competitiveness and
technological development. Conversely,
imports of ATPs are often viewed as symp-
tomatic of technological weakness. Now more
than ever before, it is important that firms
acquire the most advanced technology available
throughout the world in order to compete in
the highly competitive global economy. Invest-
ment in ATPs from abroad may be a logical
business decision that has a positive return
on Canada’s investment, competitiveness and
future export performance.

U.S. High-tech Trade Statistics

Soon after the United States changed to the
Harmonized Commodity Description and
Coding System (HS), it began to include

ATP trade among the Census Bureau’s regular
monthly trade statistics. About 500 of some

22 000 commodity classification codes used

in reporting U.S. merchandise trade were
identified as “advanced technology.”

To be included in this category, a product
must contain leading-edge technology from
arecognized advanced technology field
such as biotechnology. The value of the high-
tech element must constitute a significant
proportion of the total value of the selected
classification code. -

The Census Bureau states that this product-
and commodity-based measure of advanced
technology differs from the broader high-
tech trade measures based on the Standard
Industrial Code as employed by the Organisation
for Economic Co-operation and Development
(OECD), because the U.S. classification alleviates
aggregation biases present in traditional high-
tech trade measures. The broader OECD
measures are biased by the inclusion of all
products and commodities produced by a par-
ticular industry group, regardless of the level
of technology embodied in the commodities.
Moreover, the U.S. list of advanced technologies
is open for periodic revision, with new tech-
nologies added and old ones dropped as
technologies change.

Ten fields are used in classifying advanced
technology products:

* biotechnology

o life sciences

 opto-electronics

* computer and telecommunications
¢ electronics

¢ computer integrated manufacturing
* materials design

® aerospace

¢ weapons

¢ nuclear technology.

* There can be overlap among the selected
fields (for example, biotechnology and life
sciences), and specific.products and classifica-
tions may contain technologies from more
than one field. '

* This analysis was prepared for the Secretariat for Science
and Technology Review by Robert Squires, an economics
research consultant working in Ottawa.

.
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Conclusion

The list of ATP commodities, while not
arbitrary, is certainly open for discussion.
What is high-tech to one user may be low-tech
in another application. Sophisticated voice
synthesis chips are part of children’s toys,

yet talking dolls are not considered to be
high-tech products.

Trade in ATPs is an indicator primarily
of flows of capital goods. Very few of the
commodities listed as ATP commodities are
consumables; most are intermediate inputs or
final products. With the exception of consumer
electronics and some biological products, most
ATP commodities represent investments in
components of production facilities, which
presumably will show a positive return on that
investment. A resource-based economy such .
as Canada’s may therefore show a deficit in
computer equipment, since it imports process
control equipment for resource-based indus-
tries. But this same investment in equipment
allows these industries to compete more
effectively in world markets.

] RESOURCE BOOK FOR ScIENCE ANO TECHNOLOGY CONSULTATIONS: VoL. Il

The important conclusions relate to the
flow and volume of trade, whether ATPs or
total. The ATP trade statistics demonstrate
that while the United States continues to be
our largest technology partner, trade with
the Pacific Rim countries is quickly growing
in importance.

Many Canadian industries go through a
make-or-buy decision when they decide to
import some ATPs. Canadian industries are

" thus able to acquire technologies at market

prices that they might not be able to develop
themselves directly at any price. Trade in

ATPs is a form of technology acquisition and
diffusion. This exchange of technology is, of
course, part of the globalization phenomenon.
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Importance of Scale

Scale is consistently found to be significant in
each of the above samples in explaining

the probability that firms will use AMTs. The
industry-level results suggest that the importance
of scale varies among the industries. AMT use
varies between two and four times higher for
firms with 500 or more employees than for
firms with fewer than 100 employees. The only
other determinant found consistently to be
important in explaining the probability of AMT
use is technological opportumity, as measured
by the percentage of establishments in the
same industrial sector that plan to use a given
technology or group of technologies.

The importance of scale as a determinant
of a firm’s probability of using AMTs raises the
question whether Canadian firms are too small
to take advantage of the resultant benefits.
McFetridge’s results indicate that the scale
threshold that firms must cross in order to
make AMTs economically feasible may be as
low as 100 employees.

Multiplant Firms

One area where McFetridge’s results have
public policy implications concerns the rejection
of the importance of multiplant establishments
in explaining the probability that firms will
employ AMTs. While it may seem evident that
multiplant establishments are more likely to
employ AMTs because they can share acquisi-
tion costs, the evidence rejects this. In
combination with the demonstrated
importance of plant scale, there may be two
possibilities:

* because AMT acquisition costs vary from
plant to plant, there exists no demonstration
effect and consequently spillovers do not
occur, or

® acquisition costs are high and are not
plantspecific.

The implication of the first possibility,
according to McFetridge, is that there is no
basis for government intervention in the form
of subsidies or tax credits to firms for adopting
AMTs and facilitating the consequent demons-
tration effect. The implication of the second
possibility suggests that single-plant establish-
ments find alternative means to economize on
the fixed acquisition costs. Opportunities to
economize may include guidance from equip-
ment suppliers, engineering consultants, non-
profit technology centres, or by way of directly
observing the practices of multiplant firms, If
the firm receiving the information pays the
appropriate level of compensation, there is no
need for government intervention. If, however,
the opposite is true, where free riders exist,
public policy makers must determine the
appropriate level of compensation to be

.paid to those from whom the information

originates.

AMTs in Canada and the U.S.

McFetridge’s comparison of AMT usage rates
in Canada and the U.S. echoes the results of
the Statistics Canada study in that he finds
Canadian usage to lag U.S. usage.® McFetridge
explains this difference in terms of the small
size of Canadian firms relative to their U.S.
counterparts. Scale-adjustment calculations -
narrow the gap. Canadian firms continue to
lag their U.S. counterparts in some size classes,
all major groups and all technology classes.
There also continues to be the lag within size
classifications and within industrial groups.

VMcFetridge hypothesizes that these differences

may be due to three factors:

* Major industries in the two nations differ in
composition. Adjustments for industrial mix
and scale reduce the percentage difference
between the two countries in AMT use.

* There exists a large defence component in
the U.S. economy, where firms have a
greater likelihood of using AMTs. Adjust-
ment for this difference reduces but does
not eliminate the gap.

8 McFetridge’s results are based on unweighed averages of
percentage of AMT use by technological and industrial
classification.
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* Firms in Canada and the U.S. are predomi-
nantly involved in different stages of the
manufacturing process. The U.S. firms
may be involved in a stage of manufacturing
that is more conducive to use of AMTs,
such as fabrication, than another
stage, such as assembly.

McFetridge’s results are summarized below.

Significant factors in AMT usage:

* [Establishment scale: Larger establishments
are more likely to use AMTs. Size is the
most important variable influencing AMT
adoption.

* Industrial sector: For a given size, the
greater the proportion of other firms using
AMTs in a sector, the more likely a subject
firm will use it.

* Region: Regional factors, including regional
government S&T policies and educational
facilities, influence the adoption of AMTs, -
but this factor is not as important as the
first two.

Factors that are not significant:
* age of the manufacturing establishment
* multiplant versus single plant enterprises

¢ nationality of controlling interest.

Conclusion

The fact that U.S. plants generally have a
higher usage of AMTs is borne out in produc-
tivity measurements. This has competitiveness
implications for Canadian industry. In general,
it is likely that Canadian firms will have to
match the productivity (and hence the use of
AMTs) of their American competitors if they
are going to maintain or increase their share
in their sector of the North American market.
The measured lower penetration of particular
technologies may be a statistical anomaly
resulting from the lower average size of
Canadian firms within each size classification.

McFetridge demonstrates that use of a
specific AMT is pervasive in any given indus-
trial sector. Canadian firms have to ensure that
they have state-of-the-art production equipment
in order to compete in the global economy.
Foreign as well as Canadian innovations in
production technologies have to be acquired
and used in Canada. Like the Red Queen in
Lewis Carroll’s Alice Through the Looking Glass,
all Canadian industrial sectors have to run as
hard as they can just to stay where they are.

But a ray of hope exists. The threshold (size
of establishment) at which AMT use becomes
cost-effective is not high. Canadian firms need
to be able to adapt their smaller size relative to
American firms (a competitive advantage when
it comes to flexible manufacturing) through"
the use of AMTs into'a competitive advantage
in itself.
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The National Advisory Board on

Science and Technology®

v ] ‘ Yhe National Advisory Board on Science
and Technology (NABST) was created
in 1987 to provide the Prime Minister

with expert, non-partisan advice on national

science and technology (S&T) goals and
policies and their application to the Canadian
economy.

NABST was first given broad mandates
to assess and report on approaches to S&T by
government, university and industry sectors
in Canada. Later work programs focused on
critical issues identified by the board, which
were assigned to working committees and
became the subjects of committee reports
submitted subsequently to the Prime Minister.
A total of 25 reports have been published
to date (August 1994), containing over
150 recommendations; a further four
are forthcoming.

In addition to recommendations, NABST
reports have provided new approachies and
critical information regarding the structure of
the Canadian S&T establishment, its perfor-
mance, constraints to improvements in that
performance and patterns in the allocation
of national financial and human resources.

The board has also been active in building
linkages with advisory councils in other juris-
dictions, holding joint meetings with provin-
cial Premiers’ Councils, the U.S. President’s
Council of Advisors on Science and Technology
(PCAST) and the Japanese Prime Minister’s
Council on Science and Technology (GST).
These linkages have helped the board to
identify new approaches and best practices
in S&T policies and programs.

* This article was prepared by the NABST Secretariat.

NABST Work Programs and
Statements to Date

1987-91

The views NABST developed over its first
four years on the relationship between

S&T, innovation and competitiveness were
contained in the board’s 1991 Statement on
Competitiveness. Through 17 separate studies,
NABST had determined that it was urgent
for Canada to deal with the competitiveness
challenge of global markets. This result
reaffirmed the motives for NABST’s creation
in 1987: to put S&T and a commitment to
international competitiveness at the top of
the government’s agenda.

1991-94

The work program for the next two and

a halfyears began by dealing with some of the
results of NABST’s initial recommendations.
The Prosperity Initiative, which followed
NABST’s Statement on Competitiveness, gener-
ated hundreds of S&T proposals, which were
reviewed by the NABST Committee on
Competitiveness. A second committee studied
the Competitiveness of the Resource Industries
in greater depth. A third NABST initiative,
which became a crucial element of the board’s
agenda for the balance of its term, examined
federal S&T priorities and recommended a
new approach to achieving more effective
allocation of government expenditures on
S&T in an environment of increasing fiscal
restraint.
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After further study of aspects of human,
resource development, NABST made récom-
mendations in 1992 and 1993 regarding the
inadequately realized potential of women
and of immigrants to play significant roles
in a Canadian work force where skills depend
increasingly on an S&T base. Its 1993 report
“Winning with Women” presented an action
plan to encourage women'’s participation in
S&T fields. NABST expects to make further
recommendations in 1994 on the question of
national standards in education and their role
in making the best use of Canada s human
potential.

The government’s role in strengthening
industrial capability, particularly in facilitating
the acquisition and application of new technol-
ogies, was reviewed by the NABST committees
on Federal Government Procurement and on
Technology Acquisition and Diffusion, which
submitted their recommendations in 1992 -
and 1993. The reports’ recommendations
highlighted the value of linkages among the
S&T community, government, industry, banks,
industry associations and other supporting
organizations, as instruments to enhance
industry’s adoption and application of S&T
to drive economic growth. A third committee
on Canada’s role in International S&Tis
investigating how well Canada facilitates firms’
access to foreign technology.

Reports and recommendations in relation
to government S&T strategy in two natural
resource areas — Energy Efficiency and
Oceans and Coasts — are expected in .
September 1994.

NABST Publications

All of the following publications.may be
obtained from:

NABST Secretariat -
Industry Canada

8th Floor, West Tower
235 Queen Street
OTTAWA, Ont;

K1A OHb5

Tel.: (613) 990-6260
Fax: (613) 990-2007

1988

Government Committee Report on
InnovAction (February)

Government Committee Report (February)
Industry Committee Report (February)
University Committee Report (February)

Government Procurement Committee Report

. (February)

' Participation of Women in Science and

Technology Committee Report (February) -

Department of Industry, Science and
Technology Committee Report (F ebruary)

Public Awareness Committee Report (February)

Economlc Summit Proposal Commlttee Report
(February)

1989

Big Scien'ce-Covm'mitteve Report (May)’

" Keeping Canada Competitive: The Innovation

Imperative: A Report of the Private Sector
Challenge Committee (May)

1990

Revitalizing Science and Technology in.

the Government of Canada: A Report of the
Commlttee on Federal Science and Technology
Expendltures (November)

1991
Statement on Competitiveness (March)

Science and Technoiogy, Innovation and
National Prosperity: The Need for Canada
to Change Course (April)

Learning to Win: Education, _Training and
National Prosperity: A Report of the Human
Resource Development Committee (April)

Financing of Industrial Innovation Commlttee
Report (March) :

Big Science Commlttee Report on the KAON
Project (October) .
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1992
Federal Government Procurement (March)

Report of the Competitiveness Committee
(September) ‘

1993

Measuring up to the Benchmark and Moving
Ahead: A Report of the Committee on
Technology Acquisition and Diffusion
(September)

Winning with Women in Trades, Technology,
Science, and Engineering: A Report of the
Human Resource Development Gommittee
(January)

Committee on the Competitiveness of the
Resource Industries (May)

Immigration of Scientists, Engineers,
Technicians and Technologists (December)

Spending Smarter: First Report of the
Committee on Federal Science and Technology
Priorities (June)

- 1994

Spending Smarter: Second Report of the -
Committee on Federal Science and Technology
Priorities (February)

International S&T (in press)
Energy Efficiency (in press)
Oceans and Coasts (in press)

National Standards in Education (in press)
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lNationaI S&T Governance Profiles*

hese science and technology (S&T)

governance profiles are short descrip-

tions of the approaches taken by
governments of selected countries to the
development and management of S&T.

Structures

While S&T is a high priority for all
industrialized nations, approaches to its
national governance vary. S&T is affected by
global trends such as the spread of information
technology and changes to the organization

of research itself. However, economic infra-
structure and national traditions play an
equally important role in shaping how S&T

is harnessed for domestic needs.

As the strategic importance of S&T grows,
governments of all industrialized countries
are refining and restructuring institutions
and initiatives to improve the management
of government S&T expenditures and perfor-
mance. In policy, as in scientific research,
there is a need for experimentation, flexibility
and diversity of approaches in developing
innovative lines for S&T policy.

As different countries have attempted to
respond to similar S&T-related issues, there -
has been a strong structural convergence in
national systems of S&T governance.

The majority of modern national S&T
governance systems usually include a central
organization or ministry with the responsibility
for setting overall government S&T policy.
Frequently, there is also a broadly drawn
expert advisory group representing the
various interests of the national science and
innovation community.

* Material for these profiles was collected by Canadian
embassy staff in each country, and the summaries were
prepared by the International Science and Technology
Directorate of Industry Canada.

Priorities

All national S&T systems are increasing
emphasis on technology transfer, innovation
and strengthening of their industrial
technology base.

Other key national priorities include
strengthening the domestic S&T infrastruc-
ture, improving the S&T education system and
strengthening public knowledge of S&T.

International S&T collaboration is
becoming more important. The governments
of the most industrialized nations are increasing
their efforts to promote international indus-
trial R&D collaboration. They attach alot of
importance to ensuring that their domestic
private sector gains full access to international
R&D opportunities.

Recognizing the importance of a strong
basic research infrastructure, most govern-
ments have devised systems to allocate funds
to science on the basis of peer review, with
minimal involvement of government adminis-
trative bodies. Direct government involvement
in science is usually limited to funding and
organizing their scientists’ participation in
large, internationally funded science projects
and to encouraging links between the private
and public sectors that promote research
partnerships.
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in research. A national conference was held in
Paris on 18 April 1994.

“This consultation process concluded in a
parliamentary debate in June 1994 (following
its approval in the Senate), during which
recommendations were put forward by the
government for action on the directions that
French S&T research is to take in the coming
years. A framework bill will be presented to
Parliament in November 1994. In order to
follow-up on the implementation of this plan,
the government will be establishing a Strategic
Orientation Committee for research. One
of the measures proposed in this plan is to
increase the French national gross domestic
expenditure on research and development
(GERD) from 2.4 percent of gross domestic
product to 2.9 percent by the year 2005.

This will require a substantially increased .
effort in industrial R&D, promotion of major
technological programs in the public'and
private sectors, an increased technological
effort from universities, an enhanced
partnership/dialogue between public research
organizations and private sector counterparts.

Institutional Organization

The Ministry of Research and Higher
Education has overall authority over civilian
research carried out by most of the major
public research organizations and agencies,
including research in the universities. In 1993,
the ministry was expanded to include those
responsibilities formerly held by the Ministry
of Research and Space. This was expected to
increase cooperation between universities and
public research institutions. The ministry is
represented on all interministerial research
planning committees and is consulted on
priorities, key programs, regional activities and
other issues impacting on industry. The
Finance Ministry is also represented on
interministerial committees, with the result
that budget problems are often resolved before
decisions are taken at Cabinet level. Industry is
the responsibility of the Ministry of Industry,
Post, Telecommunications and Tourism.

A council nominated by the Minister of
Research and Higher Education, the Conseil
de la Recherche Scientifique et Technique
(CRST) advises on the overall impacts of science
policy. Its 40 members include representatives

from industry, academia and government. The
CRST has set-up five working groups covering
problems of validation, research and transfer of
technology, employment and science, regional
problems, and financing of research. The
Parliamentary Office for Scientific and
Technological Choices, which is modelled on
the U.S. Office of Technology Assessment, is
designed to provide analytical work on key
technology policy issues for more 1nforrned

.debate in Parliament.

The Ministry of Research and Higher
Education administers the funding of the
government’s main research programs in S&T.
It also collects information on 5 800 universities
and 1 700 laboratories in the public sector.
This is intended as the basis of a comprehien-
sive national data base on S&T. Like the recent
German exercise, the French government,
through the Ministry of Research and Higher
Education, and the Ministry of Industry,
has undertaken a massive survey (Delphi
technique) of future techriologiés and where
France should seize emefging opportunities.
The results of this survey will be assessed in
the coming months

The government’s civilian research budget
of 53 billion French francs (C$13.5 billion)
for 1994 is divided among the main research
agencies, public scientific and technological
institutes, and public industrial and commercial
establishments. The defence R&D budget is
completely separate from the civilian budget
and amounted to 30 billion French francs
(C$7.6 billion) in 1994. ’

France has 20 governmental research
agencies. The most important institutes are the
National Centre for Scientific Research,
the National Centre for Space Studies, the
Commission for Atomic Energy, the National
Institute for Medical Research and Health, and
the National Agency for the Promotion of
Innovation. In addition, France will contribute
about 5 billion French francs in 1995 to the
Fourth Framework Programme for R&D of
the European Union.

Other agencies and ministries, involved
in financing French research include‘the
Ministry of Defence, the Ministry of Industrial
Redeployment and Foreign Trade, and the
Prime Minister’s Planmng Office.
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to turn the products of research into wealth-
creating products than its primary competi-
tors — the United States and Japan.
Consequently, the government has shifted its
policy toward increasing the efficiency with
which research results are transferred out of
the laboratory into industry. It is pursuing
improvements in cooperation and strategic
dialogue between government, researchers and
industry; improved evaluation procedures in
research funding competitions; more support
for “bottom-up” initiatives; and more input

of research policy in the public debate on
technology and jobs.

Technologies for the 21st Century was released
by the BMFT in September 1993. It identifies
87 critical technologies for the next 10 years
and notes trends toward integration of
previously separate branches of research
and knowledge.

The German S&T management system is
highly decentralized. Departments and agencies
manage their own S&T budgets. For example,
the German Space Agency, nominally under
the S&T ministry (the BMFT), is managed
autonomously.

Institutional Organization

Principal performers of R&D in Germany
are industry, the universities and four non-
university research organizations:

¢ the large National Research Centres (each
focused on basic research in a specific
discipline)

¢ the Fraunhofer Society for Applied
Research (which supports applied, industry-
oriented R&D institutes across Germany)

* the Max Planck Society (which supports
scientific research institutes)

* the “Blue List” research institutes (organiza-
tions dedicated to basic research in specific
disciplines).

The German Research Society is a granting
agency, which supports university research
with an annual budget of DM 1.6 billion
(C$1.4 billion).

After reunification, the Academy of
Sciences of the former East Germany was

dissolved following extensive evaluation of

its research institutions, On the basis of this
evaluation, the German Science Council drew
up recommendatlons which, in 1992, led to
the setting up of:

* three new national research centres
o 24 new “Blue List” research institutes

e 21 institutions and working groups of the -
Fraunhofer Society '

* two institutes and 28 working groups of
the Max Planck-Society.

In summer 1993, the Research Minister set
up a technology council made up of 12 repre-

" sentatives from industry and the scientific

community to advise him on developing a
more coordinated and responsive research
strategy. One recommendation of the council
was that the Research Minister should have
broader responsibilities, particularly more
control over the total government research
budget. At present, this responsibility is d1v1ded
among four ministries.

Responsibility for research promotion is
divided between the federal government and -
the Laender governments. The Laender
governments fund academic research and
science in the universities, technical universities
and practice-oriented Fachhochshulen (post-
secondary polytechniclike institutions).
Federal and Laender governments jointly
operate non-university research institutions,
such as the scientific research-oriented Max
Planck Society, the industrial research-oriented
Fraunhofer Society, the national research
centres and the Blue List basic research
institutes. Contributions to international
research institutions are the responsibility
of the federal government.

The German Science Council is the most
important dedicated permanent S&T advisory
body in Germany. Its mandate is to provide
advice to both the federal president and to
Laender governments. The Science Council
distinguished itself when it carried out the
tricky task of reviewing the S&T infrastruc-
ture and capabilities of the former East
Germany, making strong recommendations
on its restructuring to make it compatible with
West German organization, practice and -
quality standards.
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Institutional Organization

The CST exercises general control over

the government’s S&T policies. Advice on all
aspects of science is received from the Science
Council of Japan, an independent body of
scientists. The Science and Technology Agency
(STA) is responsible for overall coordination
of science policy among the different govern-
ment ministries and agencies. STA serves

as a secretariat for the various commissions
attached to the CST and, through its attached
research institutes, is responsible for the big
science projects supported by government
funding. Research institutes are attached to
each of the ministries and agencies carrying
out R&D; some ministries are also linked to
special research corporations such as the.
Research Development Corporation of Japan,
which promotes industrial exploitation of basic
research carried out in Japan and which
manages STA’s program of research fellowships
aimed at bringing young foreign researchers
into Japanese national laboratories.

The Ministry of International Trade and
Industry, particularly its Agency of Industrial
S&T, has key responsibilities for promoting
linkages between government R&D activities
and the national industrial policy. The Ministry
of Education, Science and Culture, especially
its bureau of Higher Education and of Science
and International Affairs, also has a strong
interest in S&T policy.

The S&T policy-making process is as
follows. Each year, before the national budget
is finalized, key issues are identified by the
Policy Committee of the CST as “Important
Guidelines for S&T Promotion.” These guide-
lines represent the CST’s annual direction
prior to the submission of the individual
ministries” budget requirements. Individual
ministries request S&T funding within these
guidelines for programs for S&T promotion.
In order to select key issues for each year,
the Policy Committee of the CST collects
S&T policy information by canvassing the indi-
vidual requirements of the ministries, as well as
of the business community. The committee
then decides upon the budget requirements on
the basis of information it collected and expert
opinions of the committee members.

The CST holds hearings on the require-
ments of the individual ministries’ S&T plans
prepared annually in response to the guidelines
mentioned above. Funding is allocated on
a priority basis. Priorities are based on the
analysis performed by the Research Investigation
Subcommittee of the Policy Committee of
the GST.

Within the Diet, there are many committees
that lobby for various interests and causes.
There is one for Science and Technology,
which includes 256 members of the House of
Representatives and 20 members from the House
of Councillors. The Diet S&T Committee has
addressed S&T-related issues, including the '
development of Japan’s indigenous satellite
launch capability (the H-2 rocket) and the
dilapidated condition of Japan’s university
research facilities.

Areas of Strategic Expenditure

Seclected R&D programs designated as stra-
tegic include the Research and Development
Program on Basic Technologies for Future
Industries, designed to develop basic
technologies in the fields of new materials,
biotechnology, new electronic devices and
superconductivity. Another strategic R&D
program is the Japan Key Technology Centre,
which provides incentives to facilitate pre-
commercial R&D in the private sector
through capital investment, loans, mediation
in arranging joint research, commissioned
research, research information service and
invitation of researchers from overseas.

Other strategic programs are the Science
and Technology Promotion Adjustment Fund,
which promotes basic research in areas such
as social and national needs and international
joint research, Exploratory Research for
Advanced Technology, Human Frontier Science
Program, Space Station Program (particularly
the Japanese Experiment Module — JEM)
and the Precursory Research for Embryonic
S&T System. Also, planning is under way to
build a nation-wide high-speed research-
information network to link engineers and
scientists in universities and laboratories.
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¢ Committee for the Development of Science
and Technology, which, under the Ministry
of Science and Technology, provides
policy advice to the Minister of Science
and Technology.

Research is conducted through three
channels in Korea: government institutes,
universities and the private sector. Most of the
research effort is aimed directly at the market-
place. Fully 71 percent of Korean R&D is
undertaken in the private sector and 61 per-
cent of total Korean R&D goes into the
commercialization of new products. In 1992,
basic research represented 13 percent of
Korea’s R&D spending and the entire Korean
university system, combined with government-
funded research labs, represented only 27 per-
cent of Korean R&D spending. As Korean
industry moves increasingly to technology-
based competitive advantage, this disparity in
relative spending is expected to grow. While
there are a large number of private sector
research institutes, the top three private sector
R&D spenders in 1992 accounted for 50 per-
cent of the total R&D expenditures of the
largest 344 companies in Korea.

The biggest single government S&T spender
is the Ministry of Science and Technology,
which accounted for 39.8 percent of Korean
government S&T spending in 1991. While each
spends less individually than MoST, other line
ministries’ S&T expenditures combined exceed
those of MoST.

Korea’s S&T sector is highly compartmen-
talized. It consists of many narrowly defined
institutes answering to different ministries,
underfunded and overloaded universities
whose primary task is to generate future
researchers and private companies in severe
competition. Though individual institutes
and research centres generally perform
their assigned tasks well, there is little cross-
fertilization between them. If the government
wants research done in an area that spans the
responsibilities of several existing centres, it
generally must create a new centre focusing on
that particular area rather than relying on a
collaborative effort between existing centres.

Areas of Strategic Expenditure

T'he Highly Advanced Nation (HAN) project is
an effort to quickly reach the technology levels
of the G-7 countries. Technology projects were
chosen in areas that Korea believes can be
made internationally competitive. The policy
objective is that, after a period of government
seed funding and support, these technologies
will have achieved critical commercial mass
and government funding and overseeing will
no longer be required. There is some scepticism
in the Korean private sector as to whether or
not many HAN project goals are realistic

or attainable.

Because much of the HAN project involves
the learning of existing technology, international
cooperation is strongly encouraged for HAN
projects. Indeed, in some projects, between
5 to 20 percent international collaboration by
budget is required to qualify for Korean
government HAN project funding.

The HAN project has committed some
3 727 billion Won (C$6.03 billion) to
11 key technology areas. These include
advanced materials, 297 724 billion Won
(C$481.62 million); automotive technology,
492 225 billion Won (C$796.26 million); .
biotechnology, 422 273 billion Won
(C$683.10 million); semiconductors,
605 685 billion Won (C$979.80 million);
integrated service and digital network,
632 983 billion Won (C$1 023.96 million);
manufacturing technologies, 480 282 billion
Won (C$776.94 million); and nuclear power
260 188 billion Won (C$420.90 million).

While HAN appears to be a single initia-
tive, individual ministries and institutes have
responsibility for implementing their particular
elements in the plan. A compromise between
unified management under one ministry and
the widely varying objectives of line ministries
with sectoral S&T responsibilities, the HAN
project is a group of projects from disparate
responsibility centres and sources of funds.
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In September 1992 the Ministry of
Research, Science and Technology published
a statement of science priorities, Investing in
Science for Our Future, that contained recom-
mendations by the S&T Expert Panel (STEP),
appointed to advise on long-term priorities for
science in New Zealand. During the process
of establishing priorities, the wider S&T com-
munity was extensively consulted and given
opportunities to put forward their views and
submissions, particularly following STEP’s
preliminary discussion paper released in
May 1992. '

The Ministry of Research, Science and
Technology believes small countries such as
New Zealand must be selective, and must
define their S&T priorities on the basis of
socio-economic requirements, rather than
on the needs of basic science research.

STEP’s long-term strategy recommendations
were as follows:

* to foster a sustainable, technologically
advanced society that innovates and adds
value, especially to their strong base of
biological production

* to raise investment in science and especially
encourage the private sector to increase its
own investment :

* to encourage a harmonious and
complementary relationship between
its own R&D investment and that of the
private sector '

* 'to selectively support science in areas of
critical importance and where research
results can most readily be commercially
exploited.

Institutional Organization

One result of the S&T reform process was that
the old Department of Scientific and Industrial
Research was disbanded and replaced by the
Ministry of Research, Science and Technology
(MORST), which has the key responsibility for
88T policy in government. Other new struc-
tures, established to strengthen and enhance

accountability to the government.of research
agencies which receive public funds are the
Foundation for Research, Science and
Technology and 10 Crown Research Institutes.
The foundation allocates funding on the basis
of established priorities, while the Crown
Research Institutes largely replace old
organizations founded by individual govern-
ment departments. Each of the 10 Crown
Research Institutes has a core research area:
pasturage, horticultural products, field crop
products, forestry and wood products, industry
development, environmental health and
forensic science, social and economic -
development, land environments, atmosphere
and water, and the geosphere.

The science reforms also saw the creation
of the Public Good Science Fund (PGSF),
administered by the Foundation for Research,
Science and Technology. The PGSF was created
by forming a single competitive pool made
up of funds amounting to approximately
NZ$260 million (C$215 million) that previously
were channelled directly to institutions by the
government. Under the new contestable
funding system, research agencies compete to
win contracts from the foundation to under-
take agreed research programs, “public good”
research or projects in accordance with the
government’s national science priorities.

The foundation funds all projects on a fully
costed basis.

The Crown Research Institutes are major
research performers, and obtain some 60 percent
of the PGSF. These institutes have been func-
tioning for two years, and eight are showing
profits, which the government allows them
to keep. Some of the institutes have been suc-
cessful in marketing their R&D capabilities to
various Asian clients.

New Zealand also has 12 research asso-
ciations, funded primarily by their industry
sectors, such as the Wool Research Association
and the Heavy Engineering Research Associa-
tion. Total funding for these associations is
about NZ$33 million (C$27 million), with
NZ$13 million (C$11 million) coming from
government.
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* increased recruitment of researchers

s extension of international collaboration.

Institutional Organization

In the triennial S&T bills, R&D proposals are
presented by goverriment ministries in their
mandate areas. Almost all ministries have
within their jurisdiction several authorities of
agencies with planning or executive duties for
R&D. Particularly important R&D ministries, in
terms of size, are those of Education, Industry,
Defence, Agriculture, Health and Social
Affairs, and Housing and Physical Planning.

Coordinating responsibility for S&T policy
is vested in a Cabinet minister (the Deputy
Prime Minister) assisted by an undersecretary
of state. The Swedish Government Research
Advisory Board, set up to keep the government
informed on research issues, has been described
as a club without much power. The govern-
ment is currently re-evaluating its role. An
Industrial and Technical Council attached
to the Ministry of Industry is a forum for the
discussion of technology-related R&D questions
with representatives of educational, research
and industrial interest. Other advisory bodies
have been set up by different ministries.

The universities hold the dominant role as
performers of publicly funded R&D. In recent
proposals to legislative changes passed by the
Riksdog (Parliament), the government has
made the universities more independent of
central planning, giving them responsibility
for quality and efficiency in education and
research. Decisions by the government and
the Riksdog on higher education research
are limited to the annual budget requests
submitted by higher education establishments
and by the research councils,

_The National Board of Universities and
Colleges, a government agency subordinate to
the Ministry of Education, is concerned with
the coordination and planning of national
higher education, research and research
training. The board compiles documentation
on which the Riksdog and the government
base their allocation of resources for higher
education and research. The board submits
annual budget requests to the government
based on the requests that it receives from
individual higher education units and other
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authorities coming within its jurisdiction.
The central planning of higher education,
research and research training in various
fields is conducted by five sectoral board
planning committees.

Sweden also has a Council for Planning and
Coordination of Research, which initiates and
supports socially important research in collabo-
ration with research councils and sectoral bodies.

The National Board for Industrial and
Technical Development (NUTEK) is a key
organization for public support of techno-
logical development. NUTEK is instrumental in
creating “competence centres” at universities,
and creates and supports programs to ensure
better access to new technologies for small
and medium-sized firms. NUTEK has recently
introduced funding (on a competitive basis)
for 30 engineering research centres based on
university campuses. These were selected on
the basis of several criteria, including attractive
research qualifications for potential
international partners.

Areas of Strategic Expenditure

Priority in 1993 was given to the funding of an
ambitious program for postgraduate education
(intended to double the number of doctoral
degrees in 10 years, currently numbering
around 1 100 such degrees per year) and for
promoting research in the natural sciences.
These priorities are part of a concentrated
effort to use R&D to strengthen the knowledge
base and, by this means, help strengthen the
competitiveness of Swedish industry. Specific
priority areas in this effort are information
technology, biotechnology and advanced
materials. Two new foundations have been
established for research financing in these
areas as well as for strategic environmental
research. Interdepartmental programs are
created for R&D focused on wood manufac-
turing and timber, acrospace and road vehicles.
Intensive focus is also given to seeking and
maintaining international S&T contacts

and cooperation.

Sweden has latinched several initiatives
designed to strengthen the technology base
of small and medium-sized firms. There are
several job creation activities by the Ministry of
Labour for new technology areas specifically
targeted to assist them.
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Institutional Organization

Policy for S&T in the U.S. is formed primarily
through interaction of the administrative and
legislative parts of the government. This is a
highly dynamic interactive process, which is
susceptible to prevailing political conditions and
pressures from various interested groups and
organizations. Allocation of funding takes place
only after protracted negotiations between the
Administration, Congress and other players.

On the Administration side, the White
House Office of Science and Technology Policy
(OSTP) is a central player, providing policy
guidance and program coordination. Another
key player is the Office of Management and
Budget (OMB), which has the responsibility
for putting together the annual federal budget.
Key federal S&T departments are Commerce,
Defence and Energy, as well as the National
Aeronautics and Space Agency, the National
Institute of Health and the National Science
Foundation.

Congress plays a vital role in the U.S, S&T
policy through its control of the funding and
program authorization process, both of which
require the passing of appropriate legislation.
The current Congress has been particularly
active in technology legislation, passing the
National Competitiveness Act, which implements
the Administration’s initiatives aimed at
strengthening the civilian technology base.
Congress also participates in the debate on
S&T policy through the reports of its research
groups such as the Office of Technology
Assessment and the General Accounting Office.

As part of its recasting of the S&T policy,
the current Administration has made changes
to the federal S&T framework. The most
significant is the creation of a new National
Science and Technology Council (NSTC).
The Cabinetlevel NSTC coordinates and
integrates science, space and technology
policies throughout the federal government,
develops national goals for federal S&T invest-
ments and reviews federal R&D expenditures.
The NSTC has taken over the responsibilities
previously spread among several interagency
councils, including the Federal Coordinating

Council for Science, Engineering and
Technology, the National Space Council and
the National Critical Materials Council.

The nine committees of the NSTC, their
subcommittees and mirror-committees have
recently completed an analysis of current
federal spending on R&D in their areas
of responsibility (e.g. Information and
Communication R&D, Civilian Industrial
Technology, Transportation, Education and
Training, and others). Their task was to set
strategic priorities for their area based on the
national objectives. Some of the key points
that were reported include a rationale for the
current allocation of federal R&D funds.

The current allocation mix was perceived

to be poorly linked to the current S&T policy
objectives (e.g. defence expenditures were
still far too high). Funding will have to be -
transferred from both defence-related R&D
and “big science” to areas designated as
strategic priorities. Government R&D funding
is expected to be flat in the future (i.e. just
keep pace with inflation), making a strategic
allocation of funds a key issue. Reports of the
NSTC committees will be used by the OSTP
and OMB to develop strategic guidelines

to be followed by individual agencies in the
development of their budget. The results of
this first review are scheduled to be used in

~ the formulation of the fiscal year 1996 budget.

Prior to the establishment of the NSTC,
only the OMB had the authority to review
agency budgets. Each individual department
and agency would make its own pitch to OMB,
which then prepared a consolidated budget for
the federal government. The President then
sent the budget to Congress for its consideration.
Under the new procedure, the OMB and OSTP
will jointly review the reports of the NSTC
committees, and a package worked out by the
two offices will then be sent to the departments
and agencies where it will be studied by the
“deputies’ group” at the departmental deputy-
secretary level. Once OSTP and OMB have
considered comments and potential changes
offered by the deputies, they will issue the
“strategic guidance” to the agencies for their
inputs into the budget process.
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Areas of Strategic Expenditure

A shiftin emphasis has taken place in

U.S. technology policy, which stresses the
importance of using S&T to improve industrial
competitiveness and of a more active role for
government in assisting industry to develop
and commercialize technology. The emerging
consensus, however, is that the new technology
policy is only beginning its shift from the tech-

nology policies of the previous Administrations.

In the fiscal year 1995 budget, R&D expendi-
tures are decreased in real terms. The bulk of
the R&D programs set up during the early
and mid-1980s have been preserved, and

the majority will be enhanced. There is a
reallocation of the R&D expenditures within
the budget away from mijlitary R&D toward
civilian-applied R&D activities, university-based
research and R&D with potential commercial
applications, new technology transfer and
extension initiatives, and transport technology
R&D initiatives such as clean cars, intelligent
highways, high-speed rail and aeronautics.
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The current Administration’s approach to
the S&T policy includes three changes from
the past. First, it has started an effort to
refocus federal resources on the U.S. industrial
base away from the traditional areas of depart-
mental missions, national laboratories and
universities. Second, the emphasis on building
partnerships between industry and government
is integral to the Administration’s approach
and marks a radical departure from previous
policy, which limited government’s role to
providing industry with incentives to invest
in R&D. The third major change is that the
Administration is starting to target key industry
sectors for direct federal support. The key
government meéchanism for this is the
Advanced Technology Program. In a related
development, the Department of Commerce is
developing “industry road maps” that include
much input from industry to benchmark the
competitive status, state of technology and
R&D strengths and the challenges facing the
various industry sectors in the United States.






S&T Priority Setting:
Trends, Experiences and Lessons

by Vince Wright*

riority setting in scientific research is

Pmuch more than a simple matter of

l_ ranking desired activities against available
resources. As in the arts, scientific research
demands creativity because of the uncertainty
of the outcome. So the burning issue becomes
determining how to manage the unpredictable.
At the same time, research activities funded by
the public purse are accountable to the wider
society in which they are conducted, and must
be managed in support of broader socio-
economic objectives. :

To balance these competing principles,
national governments for more than three
decades have been experimenting with a rich
mixture of policies, structures, processes and
measurement tools. At the strategic level,
priority setting in the area of science and tech-
nology (S&T) in some nations has led them to
create innovative institutional structures to
better focus and coordinate assets. Other
nations are establishing tripartite advisory
bodies to heads of state, effectively elevating
the profile of S&T in national systems. And
recently, several Commonwealth countries
have developed White Papers to help steer the
S&T priority-setting process.

In addition, many governments have tried to
ensure that S&T priority setting is the product
of wide-ranging consultations, not only with

vested interests, but also with the public at large.

Once such gathering drew representatives
from Australia, Germany, Israel, Japan, the
Netherlands, New Zealand, Sweden and the
United Kingdom as well as the European
Union and the Organisation for Economic
Co-operation and Development (OECD) to an
informal brainstorming session held 25-27 May
1994 in Ottawa, hosted by the Government of
Canada. The purpose of this international
workshop was to help S&T policy advisers from
various nations and organizations compare
notes and benchmark their efforts.

This article summarizes the workshop
discussions.

Recent Trends

During the 1980s, most major industrialized .
nations managed to maintain their levels of.
expenditures in research and development
(R&D). OECD figures show that between 1980
and 1991, governmentfinanced gross expendi-
tures on R&D (GERD) as a share of total
public spending was more or less maintained
or even increased in all Group of Seven (G-7)
most developed countries except the United
States and the United Kingdom.’ .

More recently, there has been a
pronounced shift in public policy emphasis
from the “S” to the “T” side of the S&T
spectrum. It goes without saying that S&T
public policy is no longer just an instrument
for promoting scientific excellence. It is
now — at least in the political rhetoric — an
integral part of the industrial competitiveness
agendas of most governments.

Despite the growing acknowledgment of
R&D as an engine of economic growth, S&T
promoters in many national governments now
are being challenged increasingly to defend
their portfolios as public sector debts continue
to spiral upward. Since they are not mandated
through statutory requirements, S&T expen-
ditures can be particularly vulnerable to
so-called “budget hawks.”

In this context, S&T priority setting takes
on important new meaning.

Workshop participants found no magic
formula for determining priorities. The
priority-setting process can often get tangled

* This article was prepared for the Chief Scientist’s Office
of Industry Canada by Vince Wright, a science writer
working in Ottawa.
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up in various factors such as institutional
rigidities, political considerations and
international commitments.

As one delegate noted, S&T policy and
planning are not always the result of rational
reflection. In some cases, they might be the
product of a knee-jerk reaction by political
decision makers to a particular event or
pressure from a powerful constituency.

In Sweden, for example, an effective
lobbying campaign by the automobile and
aircraft industry (led by Saab and Volvo),
rather than detailed analysis of the industry’s
needs, prompted the government recently to
establish two special cooperative industry/
university research programs for the sector.
The government and industry will share
programs costs, estimated at almost $12 million
annually.

In Australia, the 1989 White Paper on S&T
apparently resulted from scientists’ demands
for more research money at an outdoor
demonstration a year earlier during the official

inauguration of a national S&T centre.

Coordination and
Institutional Concerns

T'he ubiquitous and hidden nature of S&T
places a strain on all national and subnational
governments to devise an effective body for
coordinating S&T governance. In rare
instances, S&T priority setting has been
concentrated in a central agency. In most cases,
there is a lead organization, usually responsible
for industry development or higher education,
which coordinates S&T through some form of
interministerial arrangement.

Some delegates at the workshop said that
coordination is really a government euphemism
for organizational agreement not to interfere
in each other’s operations. Coordination is a
particularly delicate matter in cases where a
government ministry is more concerned with
defending its turf than with cooperation.

This form of institutional rigidity is evident
in Japan, where governmental coordination
was described by delegates as comparatively
weak. When the Ministry of International
Trade and Industry began to take an active
1

I
-
®

interest in biotechnology, it upset certain
bureaus within the ministries of Health

and Agriculture. Over time, however, the
organizations smoothed out their differences
and eventually began to exchange personnel
engaged in biotechnology.

Resistance to coordination is not always
confined to ministries having S&T missions.
As one policy adviser noted, strong tensions
can build between the lead organization
designated to coordinate 8&T and central
agencies of government responsible for finance
or {reasury matters. '

'On balance, most workshop participants
indicated that their governments had either
elevated the profile of S&T in the overall
government decision-making system or had
fortified the coordination of S&T priority
setting,

Earlier in 1994, the German government
announced that the Chancellor’s office would
create a new Council on Research, Technology
and Innovation. The council, part of the
current government’s electoral platform,
was conceived in response to pressure from
German industry, which wants a more
structured dialogue on S&T priority setting.

In Washington, a new National Science and
Technology Council (NSTC) has been created,
composed of senior officials from major
federal S&T organizations, the White House
and industry. One of only three councils
reporting directly to the President, NSTC will
spearhead the sweeping review of federal S&T
spending promised by the White House in the
fall of 1993.

In the U.K,, responsibility for S&T
coordination was transferred from the Ministry
of Education and Science to the Cabinet Office
of Science and Technology (OST). The
transfer, implemented after the tabling of
the U.K.’s S&T White Paper in May 1993,
underscored a broader shift in emphasis
from the education/academic milieu to the
technology/economic arena. Following the
release of the S&T document, the U.K. govern-
ment in May 1994 issued a White Paper on
Industrial Competitiveness. While the minister
responsible for OST has been assigned the
coordination function, this office has control
of only one fifth of the roughly $12.8 billion in
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total R&D expenditures of the U.K. govern-
ment. (The Ministry of Defence is still the
largest player in the UK. government,
accounting for more than 40 percent of
expenditures, although this share is declining.)

The process of adjusting government R&D
allocations in the UK. through new priority-
setting mechanisms was described by workshop
participants as “evolutionary rather than
revolutionary.” Like other large nations, the
U K. faces the challenge of eliminating deeply
entrenched boundaries both within and among
S&T organizations. Within the OST’s Research
Councils, the allocations among the six major
discipline areas have remained virtually
unchanged for more than 30 years.

Institutional innovation is arguably one of
the major underpinnings for effective S&T
priority setting. A classic illustration of this
principle is found in New Zealand, where the
government has taken drastic measures to
overhaul the institutional S&T machinery.
Notwithstanding New Zealand’s gutsy deter-
mination to deal with its financial crisis, the
science reforms undertaken by government in
1989 were not driven by commitment to
financial rectitude. Rather, the catalyst was the
government’s almost total loss of confidence in
the nation’s S&T enterprise, evidence of which
is found in the contraction of overall R&D
spending by 27 percent in real terms between
1981 and 1989,

The surgery for New Zealand’s ailing
science system was radical. S&T components
were completely severed from mission-oriented
departments and reassembled in 10 Crown
Research Institutes (CRIs). The institutes
operate under the Companies Act, a measure
designed to put them on a more businesslike
footing. All government S&T policy and
planning were centralized in a small unit in
the new Ministry of Research, Science and
Technology. Government S&T expenditures
meanwhile were consolidated into a Public
Good Science Fund managed by the
Foundation for Research Science and
Technology.

With the creation of the central fund, a
system of contestable funding, whereby CRIs
compete and collaborate with universities
and private sector labs, displaced the previous
regime of block funding for S&T activities.

The allocation of S&T funds now is based on
the purchase of science outputs rather than
payment of input costs.

A Top-down or
Bottom-up Process?

Among the more stimulating issues raised at
the workshop was whether S&T priority-setting
should be determined top-down or bottom-up.
The top-down method is undoubtedly more
efficient, but does not necessarily sit well in

a pluralist system. A bottom-up approach is
clearly more democratic, yet could become
distorted by lobby groups. New Zealand and
Australia offer examples of these contrasting
processes.

New Zealand’s strategy for S&T reform
and the subsequent development of research
priorities is clearly top-down. While the process
is initiated at a higher level, there seems to be
some effort to avoid micromanagement. S&T
priority setting in New Zealand was portrayed
at the workshop as “providing a compass, but
not a road map.”

The process begins with a government vision
statement calling for a shift from research in
support of biological production to greater
emphasis on downstream, valued-added
activities. In 1992, a 15-member tripartite S&T
Expert Panel produced a Statement of Science
Priorities for the five-year period ending in
1997-98. This was followed by a series of wider
consultations to develop Sectoral Research
Strategies covering 24 output classes. In the
process, the industry representatives realized
they were ill-equipped to adequately address the
research themes. As a result, the private sector
has been galvanized into making more effective
contributions toward future initiatives. New
Zealand will re-examine the Sectoral Research
Strategies at three-year intervals, each time
adopting a five- or even ten-year forward view.

Australia, which seems intent on
maintaining a pluralistic approach, has
deliberately avoided establishing lofty national
goals for S&T priority setting. Instead, it
promotes S&T priority setting at the operational
level, led by government research agencies
(GRAs). Within Australia’s largest GRA, the
Commonwealth Scientific and Industrial
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Research Organization (CSIRO), research
priorities are determined by examining the
feasibility of the undertaking on the one hand
and its attractiveness to the economy on the
other. While the process is directed by CSIRO’s
managers, it draws heavily on advice from
outsiders. To ensure the process has an impact
on resource allocation, CSIRO reserves 3 per-
cent of its annual budget for redistribution to
the identified priorities. ‘ '

During the workshop discussions, one of |
the criticisms levelled against CSIRO’s process
was that the priorities invariably coincide with
areas of established research strength within
the Australian GRA, a situation characterized
as “the tail wagging the dog.” One delegate
then asked whether research foresight studies
might be useful in addressing this issue. An
answer may be forthcoming: the Australian
S&T Council, the government’s main source -
of independent policy advice, apparently is
exploring the possibility of undertaklng
foresight studies.

Foresight

T'echnology foresight programs recently have
been introduced in the U.K., Germany and the
Netherlands. The U.K.’s foresight process was
decreed in its 1993 S&T White Paper, Realizing
Ouyr Potential: A Strategy for Science, Engineering
and Technology. In Germany, the research fore-
sight process was sparked three years ago by a
debate in the Science Council about how to

improve communications within the S&T' com- -

munity. In the Netherlands, the Consultative
Committee for Research Foresights has a man-
date to the end of 1996 to conduct surveys of
industry’s expertise and priorities. .

The U.K.’s foresight initiative, which builds
on Japanese experience in this area, is led by a
panel of senior scientific advisers in government
and acknowledged leaders in the industry and .
science communities. It has been described as
an attempt to break down the communications
barriers among public servants, industrialists,
capitalists and scientists. Although originally
designed to pinpoint technology sectors in
which the U.K. has established strengths, the
emphasis has since shifted to market sectors.

Although Germany has yet to create a
formal structure for the research foresight
process, it has nevertheless produced two
studies. One is based on the Japanese Delphi
model involving an iterative process with the
research and technology community. Forward
views collected from various-sources are then
defended before the community, once all
predictions are assembled. The other German
foresight study, Technologies for the 21st Century,
was prepared by various agencies under the
Bundesministerium fiir Forschung und
Technologie (BMFT). It identifies 87 critical
technologies, noting the trends toward inte-
gration in previously detached areas of S&T. .

A recurring observation at.the workshop
was the importance of the actual process
surrounding research foresight and other S&T
priority-setting mechanisms. In Germany,
for instance, the government has yet to act
formally on the recommendations of the =
Technologies for the 21st Century foresight study
However, it was noted that the process has
already prompted several companies to
approach the Fraunhofer Institute on
Innovation Research about the possibility of

~ conducting follow-up studies that are more

targeted to their respectlve busmesses

Similar ly, the view from the U K. is that the
real benefits of its foresight program will be
the contacts and alliances forged during the
process. Delegates anticipated that decisions’
and actions will be taken long before the
government gets around to publishing the
results of the foresight program.

Evaluatlon Techmques

Most workshop delegates admitted that the
most difficult aspect of S&T priority setting
is the measurement of outputs. One policy

“adviser submitted that S&T priority setting was .

pointless unless proper evaluation.tools are
part of the process. -

Acceptance of the measurement procedures
by those being evaluated is critical. If the

scientific community does not subscribe to

the rules of the game, the resulting dissension
may ultimately undermine the objectives of
the process.
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Unlike the S&T input indicators, which
are comparatively easy to measure, output
indicators are often more elusive. To the extent
that output indicators can be gauged, they
should not be examined in isolation, one
delegate warned.

" Output indicators can reflect the state of
confidence in a national S&T system. On that
basis, it was suggested that rates of change in
desired directions are the most important
measures for governments to track.

Two of the more interesting approaches to
evaluation are found in the U.K. and Australia.

The U.K. now is publishing an annual audit
of government S&T spending, known as the
Forward Look, in an effort to gauge the progress
being made on the objectives outlined in the
1993 S&T White Paper. For government
departments, the Forward Look provides a
framework for mapping out strategies over
10 to 20 years, rather than the twoyear
planning cycles instituted by the U.K. Treasury.
The Ministry of Defence, for instance, now
is able to devise longer-term plans for the
development of dual-use (military/civilian)
technologies. '

Australia devotes considerable resources
to evaluating the S&T system. The research
agencies conduct their own cost/benefit
analyses, while a series of government bureaus
are routinely engaged in a regular process of
evaluating R&D programs and particular fields
of S&T.

The Bureau of Industry Economics, which
is attached to the Ministry of Industry, Science
and Technology, recently completed an assess-
ment of Australia’s 150-percent tax deduction
for industrial R&D performers. The bureau
reported that the tax breaks did induce a
substantial increase in industrial R&D invest-
ment, but now appear to have lost their
incentive appeal to stimulate more industrial
R&D. Consequently, the government’s 1994
budget has lowered the threshold for tax-
qualified R&D expenditures to allow more
small companies to exploit the incentives.
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The Changing Roles
of Universities

Most presentations and discussions at the
workshop touched on the role of universities
in training highly skilled personnel and
knowledge providers as a growing factor in
priority setting. As governments shift toward
knowledge-based technology policies, delegates
made clear that universities must be more
closely connected to economic decision-
making processes.

One of the European representatives
suggested that universities managed to remain
detached from economic considerations so
long as expansion of higher education was a
dominant concern of governments. But now
universities face increasing demands to become
more active in partnerships, knowledge
transfer and enterprise formation.

In the U.K., many scholars hold the view
that excellence in science will find its own level.
While delegates regarded this kind of thinking
as falling out of favour, they noted the U.K.
government remains determined to preserve its
strong pool of basic science as a fundamental
piece of infrastructure for longer-term socio-
economic needs.

Also noted was the progressive view in the
U.K. that excellence in science can and should
find a utilitarian role. The U.K. government
therefore recently introduced a new
competitive research award for scientists who
are able to attract money from industry for
longer-term generic research. For example,

a chemist who obtains funding from, say, a
detergent company requiring a window on
cutting-edge colloid chemistry research in the
U.K. and elsewhere would receive matching
cash from the U.K. government with virtually
no strings attached, on the understanding that
the scientist’s work has already been judged as
both good and relevant by the industry sponsor.

In Israel, there appears to be growing
concern that the universities and research
institutes, which have always maintained a high
degree of autonomy, are drifting farther away
from the country’s core industries. It was noted
that at least 50 percent of research in those
institutions is in life sciences, an area of S&T
that is immediately applicable to only a tiny

.
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fraction of Israel’s current industrial base. (The
lion’s share of Israel’s advanced technology
companies, which in 1993 generated an out-
standing 70 percent of the country’s $10 hillion
in exports, excluding diamonds, are in the
information technology sector.) In response,
Israel has taken modest steps toward
encouraging its universities to become more
entrepreneurial. Direct government aid has
recently been made available for R&D start-up
companies and for organizations to create
technology incubators. Still unresolved is

the debate in Israel over the unusually high
proportion of public expenditure (1.2 percent
of gross domestic product) devoted to research
in universities and non-government institutes.

Sweden also spends a large amount of
money on higher-education research. More
than 80 percent of the $2.6 billion-plus in total
government R&D expenditures annually is
allocated to Sweden’s universities. Swedish S&T
policy makers are concerned that very little of
the university research is industry-relevant,
as evidenced by the comparatively meagre
amount of university R&D funding supplied
by businesses.

To address this issue, Sweden’s National
Board for Industrial and Technical
Development (NUTEK) in May 1994 concluded
an Engineering Research Centres competition
that culminated in the selection of 30 centres
covering a broad spectrum of technologies.
Selected from 320 applications, the new centres
are designed to mobilize industrially relevant,
multidisciplinary research teams over a
sustained period of five to ten years. NUTEK is
‘committing $1.5 million to $2 million annually
to each centre, with the expectation that

Swedish industry will provide matching support

in both cash and kind.

Australia also has been actively realigning
its higher-education and government R&D
resources in support of industrial needs. A total
of 51 organizations have been established
under Australia’s Cooperative Research
Centres Program (CRCP), a mechanism aimed
at dealing with the fragmentation of R&D
activities across jurisdictional boundaries.

The Australian government provides
matching dollars for a minimum of seven years.
Although CRCP is still in its infancy, there is

4
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already evidence of the program’s suécess, at
least in the eyes of the Australian government.
In the latest federal budget, funding was -
promised for an additional 10 centres.

Basic Science and
International Cooperation

Delegates noted the growing tendency among
many governments to seek shorter-term gains
from university research investment in the face
of conflicting goals for longer-term, basic
science among other sectors. One observer
noted that Japan, in particular, appears to be
caught between escalating support for the
advancement of knowledge and government
constraints in the opposite direction. Never-
theless, the Japanese government, which funds
about 16 percent of the nation’s total R&D
effort, seems willing to deploy basic science
spending flexibly to the extent that its invest-
ment can be coupled to international cooper-
ative ventures. The Japanese-led multilateral
Human Frontiers Science Program is one

such example.

Germany’s BMFT determined more than
a decade ago that more of its basic science;
particularly medium- and large-scale projects,
must be carried out through bilateral and
multilateral arrangements. On the multilateral
front, Germany’s S&T priority setting is
increasingly influenced by R&D initiatives of the
European Union. The 12 member states of the
EU have traditionally allocated an average of
4 percent of their civilian R&D spending to
precompetitive research projects in the EU’s
framework programs.

This percentage varies widely from country
to country. In Germany, less than 2 percent of
civilian R&D spending has been pumped into
EU programs.

However, the workshop was told that
budgetary restraint is forcing German
researchers to seek out more opportunities
in the EU’s $17.5-billion Fourth Framework
Programme for the five-year period through
1998. This trend is already visible in the field
of information technology.
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Public Awareness/
Acceptance Issues

In pluralist democracies, one of the toughest
challenges for those guiding the S&T priority-
setting process is to capture the attention of

_ordinary citizens. Several delegates expressed
concern that the general public tend to be
scientifically illiterate and have little appreci-
ation for knowledge as an instrument of
growth in the new economy. Public apathy
has meant that S&T priority setting in many
nations is an exercise conducted largely by
elitist selfinterest groups, with the public at
large generally informed after the fact.

According to one conference delegate,
G-7 Finance Ministers agreed at their recent
meeting in Detroit that governments are not
devoting enough resources to the promotion
of science culture. Another noted that
science in Japan is more difficult to sell than
engineering. Japanese citizens apparently
place more value on roads and bridges than
on scientific discoveries.

The situation in Germany is unusual.
Science culture in the country is strong, with
recent public opinion polls showing almost
90 percent of Germans generally in favour of
the promotion of S&T as a driver of economic
growth. However, a more detailed level of
inquiry shows low public acceptance of certain
technologies, especially genetic engineering
and parts of the neurosciences. The German
public’s loud opposition to some of these new
frontiers of science has complicated the S&T
priority-setting process. Although genetic
engineering and neurosciences are regarded
as significant areas of potential growth, the
German government finds itself trying to
develop these sectors economically, while at
the same time recognizing public concerns.
Industry, meanwhile, has apparently become
impatient with the situation: Germany’s large
chemical and biological companies are relo-
cating their research activities to subsidiaries in
other countries where resistance is less visible.

Elsewhere, citizens seem to relegate S&T
issues behind unemployment and its attendant
social ills. As one conference delegate noted,
technology is “seen at least as much as a job
destroyer as a job creator.” This issue was
clearly a priority at the G-7 Finance Ministers’

meeting. Among the follow-up measures

from the Detroit summit was an instruction to
the OECD to undertake new studies on the
linkages between technology and employment.
The OECD’s employment study, released in
June 1994, argues that technology is not a
major destroyer of jobs.

Consensus

T'he workshop discussions confirmed that S&T
priority setting for many advanced technological
nations has become a major government
preoccupation. Fiscal restraint is requiring
many governments to be more selective in the
allocation of their limited resources. In most
cases, the issue is not whether to spend more or
less, but how to spend more effectively while
satisfying the demands of many competing
interests.

Several delegates characterized S&T priority
setting as a tricky balancing act. Governments
must find a way to reconcile business’s desire
to exploit economic opportunities with the
general public’s anxieties about some of the
new frontiers of science. Genetic engineering is
but one example of a field where the two have
clashed in controversy.

In maintaining the necessary equilibrium,
governments were urged to be both reactive
and proactive, particularly in ordering their
own affairs. More specifically, governments
must seek ways to strengthen the coordination
of their S&T investments.

Coordination seemed to delegates to be
effective in dealing with the institutional
rigidities that can sabotage the priority-setting
process. It provides a strong basis for adapt-
ability — the reallocation of S&T assets —ina
world marked by ever-increasing change.

Several delegates commented on their trials
with research and technology foresight. Being
a new tool for many nations, it may be too
early to tell whether it will prove useful. The
implication was that many priority-setting
exercises do not focus enough on how S&T will
unfold over the next decade. Nevertheless, one
delegate suggested that the research foresight
process would yield benefits, albeit intangible
ones, before the results of studies are actually
published. The very process was said to

RESOURCE BoOK FOR SCIENCE AND TECHNOLOGY Consurtations: Vou. Il




Vince WRIGHT

[ =z

stimulate decision making and action, so the
means might become more important than
the end in itself. o

If the benefits are intangible, how are
they to be measured, especially in an era of
government accountability? The consensus at .
the workshop was that S&T policy makers are
already experiencing difficulty evaluating the
tangible outputs. It was suggested that govern-
ments must track the rate of change in a
desired direction by monitoring the full range
of inputs and outputs. In the final analysis,
however, those involved in S&T priority setting
will have to rely both on logical measurement
as well as on intuitive feel for what works and -
what does not,

There was widespread acceptance at the .
workshop that the task of S&T priority setting -
must be viewed as a never-ending process. Like
science itself, the only constant in S&T
management is change. As one-delegate noted,
a nation can never stand still in this field.
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