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Executive Summary

Preamble

The Council of Science and Technology Advisors (CSTA) was asked by the Cabinet Committee on
the Economic Union (CCEU) to provide advice to the government on the roles of the government in
performing science and technology (S&T) and its capacity to deliver on those roles. To support this
work, we commissoned studies on past experience in Canada and internationally in defining the role of
the government in S& T. We also asked federa science-based departments and agencies for dataon
their past and current S& T activities and functions.

We recognize that there is a changing context within which al governments are operating. The pressures
of globalization, the public’s need to know that government decisions are based on the best information
available, and the trangition to a knowledge-based economy are forcing governments to adapt to an
environment of continuous and accd erating change. Science and technology occupy amuch more
prominent place in the knowledge-based economy than they did in the past, largely due to their power
to enhance our understanding of the world around us and add vaue to the products and services we
use. Governments are recognizing the need to manage these valuable S& T assets more srategicdly to
ensure the maximum benefit to their citizens. This requires flexible and adaptable policy frameworks.
We note that, in many cases, the policy solutions of yesterday cannot be modified to meet the
challenges of tomorrow. Entirely new approaches to, and uses for, science and technology need to be

developed.

We grongly believe that thereis a critica rolefor
the federd government in performing S& T to
fulfil the mandates entrusted to it by the
Canadian people. We dso believe that thereisa
need for amore horizonta approach to S& T
priority setting in government and departments,
aswdl as across the innovation system. The
gpproach should bring together stakeholders for
cooperdive planning, execution and evauation.

The Continuing Evolution of Canada and Its
Innovation System

Canadd sinnovation system — its S& T
inditutions and the linkages between them which,
together, provide the knowledge needed for a
progressive society and economy — is
dependent on having complementary

We strongly believe that thereisa critical
rolefor the federal government in
performing S&T to fulfil the mandates
entrusted to it by the Canadian people.

Priority setting in government and across
the innovation system should take a more
horizontal approach.

The full potential of Canada’sinnovation
system is not being realized.



grengths in the three key sectors: the private sector, universities and governments. Each of these

players needs to fulfil anumber of roles and work together in harmony to ensure that our economic and
socid systems perform well and keep pace with both domestic and internationa developmentsin S&T
and that the government meets public expectations. The full potentid of Canada sinnovation systemiis
not being redized. Thisis only in part afunction of weaknesses in some components of the system. It is
aso afunction of competition for funding and a prevailing “win-losg” approach within the system.

The federd government currently occupies akey —
placein the innovation system, both as a funder We recognize that there will continue to be

and performer of S& T. This place reflectsiits a dynamic equilibrium between S&T
history as a nation-builder and the emerging capacity within and outside the government,

context of globalization with the free flow of and believe that there will continue to be
knowledge in a knowledge-based economy and core S& T activitiesthat the federal
growing S& T capabilities outside the government should perform.

government. As Canada and its ingtitutions
mature, universities and the private sector are
positioned to make a stronger contribution to the innovation system than in the past. The federa S& T
role as a performer is not diminished. It is more focused and is somewhat different in nature. In some
aress formerly dominated by the federal government, federd |leadership may no longer be necessary. In
others, however, the need for afedera presence may be as strong as ever and, in some emerging
aress, may be essentia. We recognize that there will continue to be a dynamic equilibrium between
S& T capacity within and outside the government, and believe that there will continue to be core S& T
activitiesthat the federd government should perform.

Roles

We identified a clear need for the federa o ,
government to perform S& T and believe it must Key rolesidentified for the governmentin

have the capacity to ddiver the following key performl ng S&T:

roles support for decision making, policy
development and regulations

C Support for decision making, policy C  development and management of

development and regulations— eg. standards _
stock assessments and fisheries biology C support for public health, safety,
to manage fish stocks, responsesto environmental and/or defence needs

globd warming. C enabling economic and social
devel opment.
C Devel Opment and managenmt Of _________________________________________________________________________|

standards — e.g. contribution to the
resolution of issues such as the dispute with the European Union on pinewood nematode



in Canadian softwood lumber shipments, which depends on the development of standards

based on federaly performed research.

C Support for public health, safety, environmental and/or defence needs — e.g. federal
capacity for independent research into food safety assgts the government in ensuring the safety
of Canadians.

C Enabling economic and social development — e.g. research into hedlth service delivery or
sugtainable farming practices.

Crisgsor Opportunity?

We noted awide range of pressures facing the federd government in fulfilling itsrole in the innovation
system. Some of these are long-standing and some are recent. These pressures present the government
with both challenges and opportunities. In this regard, we identified a number of issues related to the
government’ s ability to be akey player in the nationd innovation system. They relate to the
government’ s capacity to perform S& T and its ability to manage that S& T to ensure maximum value for
itsinvestment. We stress, however, that the chalenge is not necessarily “rebuilding” or “restoring”
capacity to historicd levels It isto identify what capacity is needed to dlow the government to meet
current needs and enhance its ability to meet future chalenges.

Capacity Issues

The challengeistoidentify the S& T
capacity needed to allow the government to

priorities, and limiting its ability to respond to meet current needs and enhance its ability

new challenges and opportunities. Key issues to meet future challenges.

We found that pressures on federal S& T
capacity are threatening the government’ s ability
to ddiver on some of its existing mandates and

C an impending shortage in the human capita needed to fulfil the government’'s S& T roles,
C inflexibility in human resource practices and policies; and

C the ageing and obsolescence of facilities, equipment and research platforms.



Management |ssues

In our opinion, maximizing the impact of the
federal investment in S& T will require stronger Government-performed and funded S& T
management of the S&.T capacity, aimed a needs to be prioritized against departmental

meking the federal government aflexible and mandates and government priorities.

agile contributor to the nationd innovation e ——
system and ensuring the well-being of Canada.

Key management issuesinclude:

C inadequate S& T management information;

C the need for screening of government-performed and funded S& T againgt departmental
mandates and government priorities,

C the need for more of a“future orientation” in government S& T activities, and
C priority setting for S& T.
Principles

Government decision making requires sound,

high-quality science and technology. The The fundamental principles of alignment,

government must srive to ensure that the S& T it linkages and excellence must be applied to

requires s obtained effectivly and efficiently, the conduct of all federally performed and
funded S&T.

whether performed in-house or supplied from
outside government, and that taX|ay ErS FECEI Ve
the maximum returns from their invesment in

S&T. Weidentified three fundamentd principles that must be gpplied to the conduct of dl federaly
performed and funded S& T. We strongly believe that the implementation of these principlesis essentia
if the government is to remain a credible contributor to the nationa innovation system:

C Alignment — Federd S& T efforts must be focused where they will have the most benefit to
Canada. Federdly performed and funded S& T must be demonstrated to be aigned with
departmentd mandates and the overall priorities of the government. Departments and agencies
should only be performing the S& T that is needed to support their mandate and that cannot be
obtained more effectively from other sources. (We call upon the government to aggressively
fallow through on the commitment it made in the report, Science and Technology for the New
Century — A Federal Strategy, March 1996: “Departments and agencies will regularly and
systematicaly assess whether their performance of S& T might be better carried out by
others.”)



Linkages — S& T performed and funded by the federd government must be tied in with other
activities within the federa government, with the other sectorsin the Canadian innovation
system (universities and the private sector), and with the globa pool of knowledge and
technology. These linkages ensure that federa performance of S& T capitaizes on the best
available inputs, regardless of their source, and that overlgp and duplication are minimized.

Excellence — The S& T performed, funded and used by the federd government must be of
the highest qudity. It must be demonstrated to meet or exceed internationa standards for
scientific and technologicad excelence, and ddiver socid or indudtrid rdevance. This should be
achieved through openness, trangparency, and regular and appropriate expert review.

Recommendations

The gpplication of these principles will assist the government in ensuring that it maintains a strong
capacity to support the hedlth, safety and economic well-being of Canadians through its ability to
address science-based issues and decison making for the future. In this regard, the Council
recommends that the government and departments:

1.

Egtablish performance metrics and require the principles of alignment (with departmenta
mandates and government priorities), linkages (across departments, across the Canadian
innovation system, and with the globd S& T community), and excellence (to the highest
standards, assured by openness, trangparency, and regular and appropriate expert review) to
be integrated into the government’ s and departments’ priority setting, decison making and
delivery on S&T.

Require the exigting annud planning and performance reporting mechanisms to explicitly include
areview of S&T priorities and activities on the basis of the principles outlined here and
document the status of, and action plans for, the redllocation of resources to priority areas and
those that are emerging.

Implement and fund new modelsfor S& T that move away from a vertica approach to amore
horizontd (i.e. across government and the innovation system), competitive, multi-stakehol der
approach.

On an urgent bas's, commit sufficient resourcesto federd S& T to ensure that the government
has an gppropriate capacity to provide a sound scientific platform for delivering on itsroles,
induding its policy and decison making.



5. Egtablish arobust capability to assess the implementation of these recommendations by:

C

requiring S& T advisory bodies to federal science-based departments to take an active
role in departmenta S& T planning and evauation (as committed to in the federd S& T

strategy);

requiring each of these advisory bodiesto regularly assess departmental and agency
reports on the implementation of these recommendations and report to, and review
with, their minister and the full CSTA; and

requiring the CSTA to report regularly to the CCEU on government-wide successin
that implementation.



I ntroduction

In March 1996, the government released Science and Technology for the New Century — A
Federal Strategy. The am of the strategy was to ensure that the federa government’ s science and
technology (S&T) activities were well oriented to meet the challenges and opportunities of the future.
The dtrategy outlined gods for federd S& T and a new governance structure to assist the government in
making the most of S& T as drivers of growth in amodern economy. A key component of the Strategy
was the creation of the Council of Science and Technology Advisors (CSTA), established to provide
the Cabinet Committee for the Economic Union (CCEU) with expert, externa advice on interna
federd government S& T issues that require strategic attention. In a climate of increasing expectations
and decreased resources for federal S& T, the CCEU asked the CSTA for advice on the roles that the
federa government should be fulfilling in performing S&T. It dso asked the CSTA to provide advice on
the current and future capacity of the federd government to fulfil the roles identified.

This report contains principles and recommendations aimed at ensuring that the federal S& T system can
contribute to the protection of Canadians and their environment, and the sustainable development of
Canada s economy and society.

As asked, we are providing the government with our views on federa roles in science and technology.
We bdlieve strongly that a confirmation of these roles is needed urgently, asis a commitment to ensure
that adequate resources are available to adlow departments and agencies to fulfil those roles and ddliver
on their mandates.

Definitions

The CSTA sought to understand and advise the government on itsrole in performing S& T, as distinct
from its broader role in funding S& T in universities and industry. In Canada, S& T is understood to
include two distinct but linked sets of activities:

C Research and Devel opment (R& D) — Crestive work undertaken on a systematic basis to
increase the stock of knowledge, including the knowledge of humans, their culture and society,
and the use of this stock of knowledge to devise new agpplications of science and/or technology.

C Related Scientific Activities (RSAs) — Those activities that complement and extend R&D by
contributing to the generation, dissemination and application of scientific and technologica
knowledge. Examplesinclude data collection, testing, scientific and technica information
services, and museum services. RSAsinclude many activities not normaly performed by
univergity or private sector researchers such as monitoring and disease surveillance.



Context

The Changing Place of the Gover nment in the Innovation System

Until the post-World War 11 period, the federal government played a central role in the development of
Canadd s S& T and in the associated innovation system. In this earlier period, there was a requirement
for S& T capacity to respond to specific nationa needs, and the federal government established the
required facilities. Research postionsin federd |abs were coveted and were a key component of many
scientific career paths. Linkages between the various players in the innovation system (university-
industry, government-industry, government-university) were week, as the government housed amogt al
of Canada s S& T facilities, infrastructure and expertise.

After World War 11, the government began to invest heavily in S& T capacity in the universities.
Through the Nationd Research Council Canada (NRC), the government initiated a program of capita
grants to universties, helping them to build faculties of science and engineering, and new scientific
laboratories. Other NRC programs gave grants to research scientists and engineers. These programs
were made independent from the NRC over time, to become two of Canadd s university research
granting councils, the Medical Research Council of Canada and the Natura Sciences and Engineering
Research Council of Canada. Another council, the Socia Sciences and Humanities Research Council
of Canada (SSHRC), was created on the same modd out of the Canada Council.

The government dso made extengve efforts to support R& D in industry by offering tax incentives,
opportunities for industry to do collaborative research in partnership with government laboratories; and,
in afew cases, actua cash grantsto assst in the establishment of privately owned research facilities.

The current Stuation is much different. Canadd s universities have become highly research intensve and
are recognized as world leaders in many fidlds. Smilarly, Canadas industrial R& D isworld-classin
many fields. Government programs and shared needs for the best possible S& T have encouraged
linkages between many S& T performers. However, we believe there is till considerable scope for
srengthening both the individual components and the linkages within the innovation system. Thiswill
require not only drategic investment in priority areas, but aso changesto the “ culture” in each of the
sectors and improvements in the management of S& T activities towards a shared vison for Canada's
future. In this evolving context, the government’ srole in the national innovation system has changed in
many science or technology fields, from being aleader, funder and the dominant provider, to being
more of acadys and afacilitator.



The government’ srole as aperformer of S&T is
The government’ srole as a performer of

no less important to the innovation system than it

wasin the pa, bt it has evolved to become S& T isno lessimportant to the innovation

more focused, addressing key activities system than it wasin the past, but it has

mandated to it by the people of Canada. For evolved to become more focused, addressing

example, while the predecessors of Agriculture key activities mandated to it by the people of
Canada.

and Agri-Food Canada were responsible for the
devel opment of the Wheat Vari eties Upon WhiCh T —
the prairie economy was based, the devel opment

of the next generation of Canadian agricultura biotechnology products will be the product of abroad
combination of industrid, university and government research efforts.

Canada has not evolved as anation in isolation. With the emergence of a globa, knowledge-based
economy and society, it has been thrust into aworld of accelerating change, one of increasing
technological complexity and aggressive technol ogy-based business competition. The evidence
indicates that the S& T environment will continue to change rapidly and sometimes unexpectedly.

Federal S& T asa Necessary “ Enabling Step”

Although federd S& T hasacritica role to play _ N
in the proper fundtioning of the nationdl Where the government is unable to mobilize

economic and socidl system, the Canadian its S& T resourcesin support of its mandated

innovation system is no longer dominated by the  "égullatory, economic and social

federal government. The ability of the development roles, therecanbea
government to st policy in emerging technology sgnlflcant adverge.l rnpgct on university and
aress, to regulate increasingly sophisticated prlva_te sector activiti esin knowl edge
products (so that they get to market quickly creation, and economic and social

without unnecessary risks to Canadians), to development.

protect the environment, and 10 aSSESS aNd LSe R T——,
effectively knowledge from externa sourcesin the ddivery of legidated mandates requiresit to have an
gopropriate in-house S& T capacity. Where the government is unable to mobilize its S& T resourcesin
support of its mandated regulatory, economic and socid development roles, there can be a sgnificant
adverse impact on universty and private sector activities in knowledge creetion, and economic and
socid development.



Challenges, Pressures, Threats and Opportunities
ChangeasaWay of Life

The changes that have occurred in the post-World War 11 period have completely reshaped socia and
economic structures, bringing nationa governments into a globa, knowledge-based economy and
society. Governments recognize that these changes will continue and that the pace of change will
continue to acceerate. Standing till, or trying to creete a Steady state, will mean faling behind and
becoming uncomptitive in the globad marketplace. A further complication of faling behind isthe
inability of governments to anticipate and recognize potentid problems and opportunities, and to take
appropriate action to protect their citizens and/or capitalize on the opportunities.

Accderating changes in the globa economy are creating a new environment in which governments must
operate and to which federa S& T must contribute. (For example, in Canada, R& D spending by
industry is growing faster than in any other member countries of the Organisation for Economic Co-
operation and Development (OECD). The change that thisimplies in the nature and dynamics of the
Canadian innovation syssem means that the government S& T effort must be flexible and adeptable in
order to keep pace). These changes are cregting both opportunities and threets for governments and
the S& T required to support them. Underlying this Situation is a shift in the “policy environment”
(including public expectations concerning what federd S& T can and should provide), making it
ggnificantly different from when the federd S& T system was established.

This environment of continuous change is characterized by a number of factors that are shaping the
globa economy and the place of governments within it. These factors are outlined below.

Globalization-I nter nationalization

A key characterigtic of the process of globdization is the accelerating integration of dl markets,
domestic and foreign. There are no longer any "safe’ domestic markets, where firms are protected from
competitors by tariff walls. The forces of globdization are dso changing the context for government
S& T activities. Policy decisons must be backed up with world-class science and technology. S&T is
playing amore prominent role in trade disputes and their resolution. Pressures for globa harmonization
of standards and regulations require that national S& T activities meet international standards. In order
for national governments to be able to enforce a unique nationd identity and economic sovereignty in
the globa marketplace, they must be able to back up their policies with internationaly accepted
science. In short, nationd S& T efforts, facilities and equipment need to be world-classin the academic,
private sector and government arenas.
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I ncreased Public Expectations

Canadians ook to their governments for assurance that their interests are being addressed (i.e. hedth
and safety, security, economic and socid well-being, etc.). While the amount and qudity of information
avallable for independent decison making is better now than in the past, Canadians il 1ook to the
government to take action where the available information isincomplete, or is overwheming in volume
and/or complexity.

Also, there are many areas where nationd decisons are required for which Canadiansrely on the
federa government to ensure the proper, fair functioning of the marketplace. They aso look to ther
governments to provide other servicesin the public interest such as research, education, defence, a
supportive business environment, socid programs and infrastructure. These factors have raised public
expectations concerning what government can and should be doing, aswell asthe levd of involvement
the public should have in government decision making. Increasingly, openness, trangparency and
internationaly recognized excdlence in both science and decision making are expected by citizens.

Advancesin Knowledge and Technological Change

The pace of technologica change and the rate of advancement in knowledge are unprecedented and
appear likely to continue to accelerate. New products and technol ogies often require new types of
regulatory responses or new needs for regulatory science. (Biotechnology is a prime example))
Governments need to be able to keep pace with these devel opments to ensure the safety of their
citizens and the environment, and to ensure that commercid development is not adversdy affected by
government delays in product/process approvals. In some rapidly advancing, technology-intensive
fidds, government scientists need aleved of expertise that often requires hands-on, continuing
experience in leading-edge research to understand the results they are required to assess.

K nowledge-based Economy and Society

The centrd role of knowledge and S& T in economic growth and socid progressis changing the
dynamics of these processes and the role of governments in them. Increasingly, governments are
focusing on the dtrategic role of innovation systems and the linkages between the players within them.
With science and technology being basic components of most public policy issues, there are increased
expectations and demands for amgjor contribution from federal S& T capabilities.

A key characterigtic of the knowledge-based economy and society is the growing functiona identity
and market vaue of knowledge. Knowledge-intensive goods and services tend to be higher value
added, while less knowledge-intensive goods and services tend to be lower value added. Another key
characteridtic isthat knowledge itsdf is the foundation of business competitiveness.

1



Pressuresto Control Government Spending

Governments around the world are being pressured by their citizens to reduce government spending
and to ensure top vaue for that spending. There is much stronger pressure to demondtrate clear needs
for federd investmentsin S& T. Governments are under pressure to prioritize their spending on S&T
and/or to try innovative approaches to meeting their S& T needs.

Diverdity of Options

Federa laboratories are no longer the primary
sources of S& T facilities and expertisein
Canada. With strong S& T capabilities available
in universities and the private sector, decison
makers have many more options for ng
the S& T knowledge they require. They can fund
work in universities, contract it out to industry, or
access it internationdly, ether from foreign
laboratories, or, in someinstances, over the
Internet. Thus, the rationde for performing S&T
within government needs to be based on a
demondtration that the work is relevant to
specific needs of government; that it can be done

Therationale for performing S& T within
government needs to be based on a
demonstration that the work isrelevant to
specific needs of government; that it can be
done more effectively and/or efficiently in
government facilities than elsewhere; and
that, if the government did not do it, it
would either not get done, or else would be
donein amanner or a time frame that is not
suitable for responding to the needs of the
government.

- ____________________________________________________|

more effectively and/or efficiently in government facilities than e sewhere; and that, if the government did
not do it, it would either not get done, or e'se would be done in a manner or atime frame that is not
auitable for responding to the needs of the government.

It isimportant to note that the federad government needs to have a degree of scientific and/or
technological capacity to exercise the option of outsourcing the research. The government department
or agency should have aclear understanding of its needs for the specific scientific or technology
research and/or development. It aso needs to have a cagpabiility for a clear understanding of the results
of the S& T work, their implications for the required decisons, and their strengths and wesaknesses. It
must aso have the ability to assessthe quality of the work with reference to leading-edge standards.

The International Experience

Governments around the world are dl
experiencing the impacts of this changing
knowledge-based context for governance. We
commissoned areview of the internationa
experience on this subject. It was clear from this
review tha different governments are

It isinteresting that all of the governments
surveyed have this active in-house R&D
function, including even the highly private-
sector-oriented governments.

L ]
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taking different approaches in dedling with these chalenges, based on their politicd systems and the
historical development of their S& T systems. (For example, the United States system has a strong
private sector orientation, while France s central government performs a substantive amount of S&T
work it believes to be needed either internaly by the government or by its private sector clients).

Another finding isthat governments of al OECD countries (with the exception of New Zedand) have
some in-house R& D capability. In smdler countries, this capability is ardatively important fraction of
the overdl nationd R&D system; in larger countries, in-house R&D isardatively smaller fraction.
However, it isinteresting that dl of the governments surveyed have this active in-house R& D function,
including even the highly private-sector-oriented governments such as the United States.

The Canadian Government in the Changing World

| nter dependence Within Innovation Systems

- ____________________________________________________|
In successful innovation systems, the

primary constituents (governments,

In successful innovation systems, the primary
condtituents (governments, universities and
industry) collaborate and draw strength from universities and industry) collaborate and
each other. The S& T performed by government, draw strength from each other.

universities and industry each responds to .
different needs and time frames and often

requires different skills and a different researcher culture. Because of these differences, different
performance criteria and standards are sometimes necessary. In many cases, S& T from one of these
sectors cannot be subgtituted for any of the others. Asinnovation systems mature and become more
specidized, the degree of overlap within the system (i.e. how effectively each of the three mgjor
congtituents can respond to the needs of the other two sectors) appears to decrease, though by no
means disappear, with al the players focusing on their respective niches,

With the increasing complexity of S& T, there is aneed for increasing specidization and grester
sophigtication. This lendsitsdlf to focusing the efforts of individua players, combined with stronger
linkages across the system. The differences between the players are dso highlighted in the area of
performance criteriawhere, for example, the reports required by government or industry decison
makers to answer specific questionsin narrow time frames may not be written or prepared in away
that would dlow these reports to be published in scientific journds. A third area of differenceisthe
increasing separation of the questions and, hence, the objectives being pursued by the three
condtituents.

13



As the differences between the condtituents of innovation systems become more prominent, the need to
collaborate and complement each other's strengths increases. Again, a characteristic of more mature
nationd innovation systemsis that inter-sector collaboration is more effective than in the less
sophigticated and mature innovation systems, which are frequently dominated by asingle player.

Integration of S& T into All Government Decison Making

Science and technology are important contributors to government decison making, but while scientific
input is often anecessary input, it is seldom a sufficient basis for many decisons. In particular, economic
and socid factors will often play afundamentd role in shaping decisions.

In view of ministers accountability for the —
decisions they make, and the public expectation A K€y message in the CSTA’sreport Science
thet those decisionswill bemadebassdonthe  Advicefor Government Effectiveness

best available information, minigersneed tohave  (SAGE) isthat the government must have
acoess to the highest possible quality sdientific the capacity_ to access and/qr deliver

and technological information in atimeframethat ~ €XCellent science as the basis for

meets their needs. Failure to use the best government decision making.

avallable data and andys's could expose
ministers and the government to political
consequences and/or liabilities for damages caused by those decisions. Also, ministers need the best
available datato enforce and defend their decisons. Failure in this regard could potentidly limit their
ability to promote the nation’ s interests in both domestic and internationd arenas. A key messagein the
CSTA’sreport Science Advice for Government Effectiveness (SAGE) is that the government must
have the capacity to access and/or ddliver excellent science as the basis for government decision
making.

Scienceis playing an increasingly important role in trade disputes. For example, severd months ago,
Canadian officids found that the Adan Long Horn beetle might be imported into Canadain the dats
and pdlets used in trangporting cargo, primarily from China. There is no known cure, eradication or
North American predator for this voracious eater of trees — particularly Canadian maples. The only
known response is to quarantine any infested area, and cut up and destroy every tree and bush in the
area. Battling threats such as this beetle requires an ability to recognize and assess the threat, and to
devise effective countermeasures.

In this case, the Chinese government protested Canada's ban on the use of skids and pallets made from
untreasted wood in cargos from China, saying that this was an unjudtified restraint of trade. Canada
defended its position with the help of entomologica studies of the Asan Long Horn beetle and an
assessment of its ability to survive and prosper in Canadas climate and forest conditions.
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Another current high-profile trade case where science is playing a dominant role is the European
Union's (EU’s) ban of beef imports from the United States, because of human heglth concerns over the
US beef producers use of growth hormonesin their cattle. The EU is concerned about the effects of
these hormones and their residuals on people; the United States is responding that the hormones occur
naturaly and are equaly present in both treated and untreated cattle. It is clear that only the highest
quality scientific investigation could satisfy both sdes. Also, such an investigation must produce
definitive and unequivocd results. Findly, the studies must fully satisfy both Sdes demands for
neutrdity, as the EU would tend to distrugt, for example, studies paid for by the US beef industry, while
the US would distrust work contracted by consumer interest advocates in Europe. Research done by
government scientists on both sides of the Atlantic would be less distrusted; results of research
collaboration by EU and US scientists likely would be the most acceptable type of evidence.

Science and Technology Are Needed by Gover nment
Governments require S& T capabilities to deliver anumber of key roles, including:

C Support for decision making, policy development and regulations — e.g. stock
assessments and fisheries biology to manage fish stocks, responses to globa warming.

C Development and management of standards — e.g. contribution to the resolution of issues
such as the dispute with the EU on pinewood nematode in Canadian softwood lumber
shipments, which depends on the development of standards based on federdly performed

research.

C Support for public health, safety, environmental and/or defence needs — e.g. federd
capacity for independent research into food safety assists the government in ensuring the safety
of Canadians.

C Enabling economic and social development — e.g. research into hedlth service ddivery or
sugtainable farming practices.

To fulfil theseroles, and as a consequence of fulfilling them, the government carries out a number of
functions that provide sgnificant benefits to the Canadian S& T system. These include:

C providing testing and eva uation services,
C evauating and assessing the qudity, vaidity and rdlevance of S& T inputs from other sources;

C improving understanding and response to technology change;
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C advancing knowledge; and
C supporting public outreach and communications.

Although the government requires high-quaity S& T in the delivery of its responghilities, this does not
imply that it must perform dl of this S& T itsdlf. Government departments and agencies need to involve
themsdlvesin S& T activities through funding, facilitating and/or performing, where the public rate of
return exceeds the private rate of return; where their mandates explicitly require S& T work; or, where
faluresin the marketplace make government the only party that could perform the required S& T work
to the satisfaction of al affected parties. We strongly believe that there isacritica role for the federa
government in performing S& T to fulfil the mandates entrusted to it by the Canadian people.

The growing strength of S& T in Canadian universties, industry and non-profit research inditutes means
that there are more S& T sKills, knowledge and capabiilities available from outside government than in
the past. Also, the Internet has considerably improved the availability of data from around the world.
Nonetheless, there are valid reasons why the government needs an in-house S& T capabiility. In generd,
the government involvesitsdf in performing S& T in areas where that S& T is required to deliver on
legidated mandates and is not available from other sources. The reasons why governments perform
S& T indude the following:

C some departments are required by legidation to carry out specific S& T tasks,

C there are specific requirements for S& T in support of policy formulation and government
decison making that, in many ingtances, cannot be conducted at arms length by third parties;

C in sdlected fidds, anin-house S& T capability is an essential eement in the government
maintaining the credibility it requires to be an effective regulator, negotiator in internationd trade
disputes and partner in multi-stakeholder projects (thisin-house capability aso lends credibility
to the interpretation and assessment of externdly obtained research results in response to
government needs);

C the need for aflexible, rapid response capability on high-priority or strategic issues,

C the need for independence and impartidity in making scientific assessments to engender public
confidence;

C the need for confidentidity in working with third parties, with government scientists acting as an
“honest broker” in bringing together partners that would normaly be competing; and
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C the need to maintain long-term data collection and analys's programs that, otherwise, would not
be done by the private or university sector (e.g. weather data collection, genetic seed banks).

Clearly, however, the government cannot continue to assure Canadians that it is maximizing their S& T
investment unless it demongirates a continuing review, indicating where the S& T results can most
effectively and efficiently be obtained.

General Observations on Federal S& T Capacity

We sought out information from a number of sources on the government’s current S& T capacity and its
expected capacity to meet future needs. Sources included Statistics Canada, direct surveying of
departments and agencies, the federal S& T capacity initiative carried out by assstant deputy ministers
of federal departments and agencies, and our personal exposureto S& T capacity concerns through our
participation on our respective departmenta S& T advisory bodies. More detail on our findingsis
avalablein the Appendix.

information that was available on S& T capadity. Overall, we were disappointed with the
The available, routindly collected data on federdl informati on that was availableon S& T
KT activities was inadequate to properly capacity.

understand the federd rolein the nationa
innovation system or to andyse gppropriate leves of effort within the federd S& T system. We believe
the available information is inadequate. Even with this cavest, we recognize the effort that was made by
departments and agenciesin collecting and reporting the data. We respect the limitationsin the process,
and we bdlieve that the data made a useful contribution to understanding the trends in federa in-house
S& T spending.

It is dear from the information avalable that federd S& T isfacing capacity chdlenges. On the human
resources front, the federd S& T community is facing both a demographic chalenge and a need to
change the skills mix. The anticipated retirement of over 5000 scientists over the next five yearsis
expected to put a strain on science-based departments and agencies in ddlivering on their mandated
respongbilities and in successfully addressing the challenges of the future. Aswadll, it gppearsin a
number of cases that there has been along-term under-investment in facilities and equipment. This has
resulted in buildings that no longer meet current fire and hedlth and safety codes, wiring that cannot
meet the needs of computer and networking requirements, and equipment that is not up to current
performance requirements. At the same time, the demands being placed on federd S& T are changing

and, in many cases, expanding.
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The changing policy environment within which _ .
The challenge is not necessarily

federd S& T operaesis placing changing

demands on the system. Understanding the “rebuilding” or “restoring” capacity to
implications of this change for current and future ~~ istorical levels. Itisto identify what
federd S8 T needsis an essentid first sepin capacity is needed to allow the government

determining whether there is adequate capacity to meet current and future needs, and to

to meet those needs. Undoubtedly, some of the enhance its ability to meet these future

federal S&T capacity built up in the past isno challenges.

IOnger needed (Some Of thiS excess Capa:lty |
may have been shed during Program Review).

Some equipment and personnd nearing retirement likely do not need to be replaced. On the other

hand, new technology areas such as biotechnology and e ectronic business require the government to
have entirdly new sets of skills and capabilities. Thus, the chalenge is not necessarily “rebuilding” or
“restoring” capacity to higtorica levels. It isto identify what capacity is needed to alow the government
to meet current and future needs, and to enhance its ability to meet these future chalenges.

Departments and agencies need to have excellent capacity to meet their mandated and priority needs.
However, they must continualy examine their work agendas to ensure that they are not performing
S& T that falls outside their departmental mandates and/or broader government priorities.

Themes and Observations

We note that, to some extent, the federal S& T system has shown itself to be adaptable to changing
needs, but we believe that more effort is needed for the government to remain a strong contributor to
the innovation system. We are providing a somewhat different perspective on the future directions and
needs of federal S& T, and offer our guidance to the process of renewd that is under way.

We recognize that there is an important debate on what S& T the government needs to perform in-
house. One position holds that the government’ s role in the innovation system should be one of funder
and facilitator of S& T, not performer. According to this argument, in addition to the knowledge
produced by the S& T, there are benefits in having the S& T performed outside of government (e.g.
training the next generaion, in the case of university research; and building industria research capacity,
in the case of the private sector). The opposing position argues that the federal government needsto
maintain astrong S& T performance role in order for the entire nationd innovation system to function
effectively.
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This debate was apparent in our own deliberations. However, we were able to find some common
ground. There was genera agreement that with the maturation of Canada sinnovation system, the
federd government’ s role does not need to be as extensive asit has been in the past. There was generd
support for the statement in the 1996 federd S& T dtrategy, which said, “ Departments and agencies will
regularly and systematically assess whether their performance of S& T might be better carried out by
others” We caution, however, that moving dl S& T activities outsde government would have unwanted
impacts on the government’ s ability to carry out its mandates. These impacts could include aloss of
“inditutional memory” on key, longer-term policy issues; a de-coupling of government policy making
from the forefront of scientific knowledge; and the loss of the ability for independent decision making on
key issues. We are adso concerned that a federd government without S& T capabilitiesin key areas
would be unable both to fulfil departmenta or governmentd priorities and to create a climate for
investment in leading-edge S& T fidds, as has been the case for numerous “technology clusters’ that
have grown up in Canada. At this stage in the evolution of the Canadian innovation system, it is not
completely clear that there is a sufficient private sector or university cagpacity, or interest in many fieds
in taking on some of the tasks currently performed by in-house federd S&T.

With thisin mind, and looking at the full gpectrum of activities consdered as S& T (not just R& D), we
concluded that there isacore set of S& T activities that the government must perform. We note,
however, that these activities can only be consdered “core’ a this particular time in the evolution of
Canada s innovation system, since it should be expected that the balance of activities performed inside
and outsde government will be a dynamic one.

We have a number of observations and messages we believe should be consdered when examining
government S& T priorities and roles:

C The government needs high-quality science advice to support its decision making.
Modern S& T has a much greater power to inform government decision making. Increased
access to scientific knowledge by the genera public and interest groups demands an even
higher standard from the government, requiring access to excellent independent science and
scientific assessment capabilities. As we noted in our report Science Advice for Government
Effectiveness, “ scientific advice should be a necessary, but not necessarily sufficient,
component of al government decison making.” It will dso lend credibility to government policy
in both domestic and international contexts.

C Science and technology are vital components for the proper functioning of Canada’s
economic and social systems S& T is taking on increased importance in al facets of life. Not
only can advances in science and technology offer a better qudity of life, they can dso point out
where there are threats to that qudity of life. The average Canadian has access to, and
demands, much fuller information on which to base life decisons
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C The government must continually try to maximize the impact of its S& T investment. The
CSTA encourages the government to aggressively follow through on the commitment it
made in its 1996 S& T strategy: “Departments and agencies will regularly and systematically
asess Whether their performance of S& T might be better carried out by others.” We
encourage the government to make the maximum possible use of the federd S& T investment to
srengthen the Canadian innovation system.

C There are key activities that are best performed by the government in-house. These
activitieswill vary across sectors of the economy and from department to department.
We bdieve that a strong nationd innovation system requires abdance in its S& T and harmony
between univergties, the private sector, other levels of government and the federal government.
The government’ s ability to apply S& T to its regulatory, stewardship and decision-making
responsbilitiesis critica to the process of turning new knowledge into commercid and/or socia
benefits for the country. In anumber of cases, the federa government performs S& T that
would not be carried out by other playersin the system. In other cases, the federd government
requires independence and confidentiaity that is best assured by performing activities in-house.
In dill others, the government is legally obligated to perform the S& T upon which its decisons
are made.

C Whatever the source, S& T used by the government should be conducted as openly as
possible and efforts should be made to put it in the public domain. The government can be
confident it is receiving the best quaity S& T advice and can demondrate to its critics that the
adviceis of the highest quality only if that science is open to scrutiny. Of course, the nature of
some government S& T does not alow for public discussion, but efforts to remain open and
transparent should be encouraged.

Crisis or Opportunity?

Asrepresentatives of S& T advisory bodiesto federa

departments and agendies, each of us could cite We did not see the partnership irl a
examples of how the federal government is doing an “Team Canada” approach to using all
excellent job in adapting its S& T effortsto achanging ~ OUr national S& T resources to meet the
world and is contributing to the strengthening of the challenges of today and the future.

nationa innovation sysem. However, in taking a
system-wide, cross-government view, we were disgppointed to conclude that the innovation system is
not working to its full potential and that the federd S& T establishment, along with the private sector and
universities, must share the respongibility for this stuation. We identified a number of reasonsfor this
gtuation, many of which related to the need for “culture changes’ across the innovation sysem. While
we fed that competition for resources is a hedthy mechanism for priority setting, in many parts of the
innovation system, we saw a win-lose gpproach. (For example, resources assigned to a particular
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project were Smply reallocated from another project). In addition, we did not see enough evidence of
corporate priority setting for federal S& T and consideration of how the full range of departmentd
resources could be gpplied (each in its own fashion) towards meeting mutualy developed gods. We
saw this approach extend beyond individua departments, resulting in inadegquacies in cross-government
planning and priority setting, and we saw that the same issue extends to the other partnersin the
innovation system. Lagtly, we did not see the partnership in a“ Team Canada’ approach to using al our
nationa S& T resources to meset the chalenges of today and the future.

Although federa departments and agencies point
to Sgnificant changesin their way of doing
business since the implementation of the 1996
S& T drategy, we bdieve that there remains
room for sgnificant improvement. To become a
stronger contributor to the nationa innovation
system, the federd S& T establishment needs a
culture change, more flexihbility in its operationd their maximum possible benefit to

policies and arenewd of its management Canadians.

systems. Without these changes, further |
investmentsin federd S& T cgpecity will likely

not achieve their maximum possible benefit to Canadians.

To become a stronger contributor to the
national innovation system, the federal S& T
establishment needs a culture change, more
flexibility in its operational policiesand a
renewal of its management systems. Without
these changes, further investmentsin
federal S& T capacity will likely not achieve

Drawing on our experience with our respective S& T advisory bodies, the information we assembled
and the principles laid out above, we identified a number of priority issues related to the government’s
cgpacity to play itskey role in the nationd innovation system. The issuesfdl into severd key groupings
related to cagpacity and management.

Capacity I ssues

Human Resour ces

C outdated staffing rules that make it difficult to have a current and flexible work force;

C lack of career advancement opportunities for scientists and technicians, coupled with outdated,
inflexible promotion criterig

C an ageing work force, coupled with inadequate recruitment of new workers,

C inflexible rules for matters such asinternationd travel to conferences, impairing both

professona development and the diffusion of state-of-the-art knowledge;
C uncompetitive wages,
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C difficultiesin filling key positions in some sectors, resulting in long periods (three to Sx months
or longer) of sub-critica massin research teams, and

C an inability to attract the best and brightest researchers.

In the post-World War 11 period, Canadian federal S& T |aboratories attracted the cream of the crop
of researchers from around the globe. Sdaries were high, projects were exciting, facilities were state-
of-the-art, and the research teams were world leaders. The CSTA recognizes that thisis no longer the
case. Much of that wave of researchers has either retired or moved to exciting opportunitiesin the
private sector. Conversaly, many workers have “indeterminate’ contracts, meaning that renewd of the
work force cannot proceed as fast as changes in the scientific “marketplace.” The equipment and
facilities are ageing. In a much more competitive market for scientific and technologica taent, federd
S& T facilities gppear to be a a disadvantage. We note that it is no longer necessary for the federa
government to be acentra player inal areas of S& T, but where it was deemed that afedera presence
was necessary, federd S& T organizations need to be able to compete with the best to attract a strong
research work force. This requires more flexibility to hire workers on shorter terms, competitive
compensation (sadaries and benefits), modern facilities and a simulating research environment.

“Rust-out” of Facilitiesand Platforms
There was some evidence of long-term failure to maintain S& T facilities and equipment, including:
C research facilities that have falen below current hedth, safety and building codes,

C in some cases, building infrastructure (utilities, wiring, etc.) that is inadequate to meet the current
demands for computer networking; and

C some research platforms, such as ships, that are ageing and inadequate to meet current and
projected needs.

We note, however, that in high profile and “new” research areas, facilities appear to be modern and
well-equipped. We saw little evidence of regular processes of review to ensure that facilities are il
needed to address current and future mandates. We are, thus, led to question whether there truly isa
continuing need for some of the “rugting-out” facilitiesidentified by departments and agencies.



Weweredissppointed to seethat current efforts T
on federa S& T capacity continue to focus on We see limited evidence that the _
“restoring,” “replacing’ and “rebuilding” We see governmept is giving serious consi deratll on
limited evidence that the government is giving to answering the question, “S& T capacity
serious consideration to answering the question,  1OF what?”

“S& T capacity for what?” With Clear INdiCati 0N R O
that there will be sgnificant new demands on

federd S& T resources, departments and agencies gppear reluctant to serioudy take up the task of
redllocating resources away from lower priority areas (and those that have become less relevant)
towards new challenges.

Management | ssues

Management Information

We bdlieve that in many departments and agencies, and on a government-wide bas's, the currently
avallable information on federd S& T activities is inadequate for the purposes of understanding the
federa contribution to Canada s innovation system. Moreover, from our externa perspective, we
believe that (by private sector standards) the available information isinadequate for the proper
management of federd S&T.

Ability to Address Mandates

We heard anumber of comments about the inability of departments and agencies to address currently
mandated responsbilities (e.g. westher forecasting, food safety). Departments were either reluctant or
unable to provide detalls on ether the specific responghilities or the implications for Canadians.

Equdly of concern, we found little evidence that departmental and ingtitutiona mandates were being
regularly reviewed to ensure that they were digned with government and departmenta priorities.

We note that it is essentid that federd departments and agencies be given adequate resources to deliver
on their mandates in the highest quality fashion.

Forward Outlook
We note that Sgnificant chalenges for the federa S& T effort are dready here, or are on the horizon,

challenges that cannot be met using traditional solutions and existing resources (e.g. biotechnology).
We recognize that increased investment is likely needed to address these chalenges.
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Lack of Priority Setting

Evidence of the redlocation of resources was limited. In departments where S& T activities were
discontinued and the resources redlocated, the remaining facilities and activities sesemed to be under
less pressure than in departments where cuts were made across the board. However, examples of
this type of redllocation appeared to be the exception rather than the rule. Notwithstanding the
government’ s stated commitment to S& T, individua departments and agencies do not gppear to be
backing up this priority with gppropriate levels of resources.

The messages from the federd government point to a strong belief in the importance of S&T to
Canada s socid and economic future. However, these messages do not seem to have been applied to
the federal government’s own activities. Many departments and agencies appear to have been resting
on their scientific laurds, neglecting to make the necessary investments to maintain their world-class
ganding. In individua departments and agencies, years of under-invesment in the future and the
impacts of Program Review seem to have disproportionatdy hit S& T activities. Only afew
departments appear to have taken Program Review as an opportunity to shed outdated activities

and focus on emerging new chalenges and opportunities.

Principles

Three fundamentd principles have dominated our discussons dmost from the outset. We bdlieve that
by applying these concepts and adhering to them, the government will be able to ensure that it hasthe
best possble S& T for its use and that taxpayers are receiving full vaue for their investment. We
grongly believe that these principles (outlined below) must be gpplied to the conduct of dl federdly
performed and funded S&T.

must be focused where they will have Departments and agencies should only be
the most benefit to Canada. Federally performing the S& T that is needed to
performed and funded S& T must be support the minister’ s mandate and that
demonstrated to be aigned with cannot be obtained more effectively from
departmental mandates and the overall other sources.

priorities of the government.

Departments and agencies should only

be performing the S& T that is needed to support their mandate and that cannot be obtained
more effectively from other sources. (We cdl upon the government to aggressively follow
through on the commitment it made in the 1996 S& T drategy: “ Departments and agencies will
regularly and systematicaly assess whether their performance of S& T might be better carried
out by others.”)
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We strongly believe that adherence to this guiddine would serve to focus the federd S& T
effort. It would imply that some federa S& T activities would decrease, others would increase,
and there would be more resource flexibility to respond to emerging challenges. We fed that
thereis someinertiain federal S& T performance, where activities are maintained because of
their excdllent records rather than their current relevance to departmenta and/or nationa needs.

We a s0 recognize a legitimate need to have “ready capacity” to ded with emergencies or
emerging policy issues. Rather than maintaining excess capacity, we fed that the key to this
response cagpability isan agile federd S& T organization.

Linkages— S& T isaglobd enterprise.

S&T performed and funded by the I n stressing the concept of linkages, the
federal government must betiedinwith ~ CSTA hopesto encourage federal
other activities within the federal departments and agenciesto focus their

government, with the other sectorsin the S& T efforts on those tasks that federal S&T

Canadiian innovation system (universities 1S Uniquely equipped to deliver.

and the private sector), and with the
globa pool of knowledge and
technology. It is equally important that the federal government be capable of contributing to this
pool. These linkages ensure that federd performance of S& T capitalizes on the best available
inputs, regardless of their source, and that overlap and duplication are minimized.

“Partnership” is amuch used term in government circles, but the concept of linkages goes much
farther. Linkages result in planning and priority setting being done based on broad stakeholder
participation. Linkages draw on the best possible expertise, be it in other federd departments
and agencies, universties, the private sector, or even the globa pool of knowledge. In stressing
the concept of linkages, the CSTA hopes to encourage federd departments and agencies to
focusthelr S& T efforts on those tasks that federd S& T is uniquely equipped to ddliver.

Excellence— The S& T performed, funded and used by the federd government must be of
the highest qudity. It must be demonstrated to meet or exceed internationa standards for
scientific and technologica excellence, and deliver socid or industria relevance. This should be
achieved through openness, transparency, and regular and appropriate expert review.

We believe strongly that where aneed isidentified for federaly performed S& T, that work
must be of the highest quality. Maintaining high standards has numerous benefits for the
government, including confidence about the credibility of its S& T, the efficient use of finite
resources, and the creation of aresearch environment that is able to attract the brightest and
best researchers.
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Maintaining excellence in government research requires a number of things. Resource levels
must be adequate to maintain world-class research. Facilities and equipment need to be a the
leading edge. The research environment must be dynamic and exciting, not only to attract and
retain the best scientigts, but aso to attract other economic and research activity.

We recognize thet excellencein _ _ .
government science may need to be Assessing excellence in government science

assessed differently from university implies the ability to apply a range of
science (peer review) or private sector different measures and processes, some the
stience (impact on the bottom ling). This ~ SAMe and some different from those used for

isacritical challenge, one that we fed! non-governmental science, while
the government should take very recognizing that many of the criteria are

srioudy. Whileit islikely that some similar.

scientific papers published in refereed journds, most of it will be focused more directly on the
specific problems or needs of the government. Similarly, some results of government S& T may
lead to patents and commercid activity, but thisis not usudly the intended end result of the
work. Recognizing these condraints, we gill believe that, to the fullest extent possible, scientific
findings and andyss from federd S& T should be publicly accessble. Assessng excdlencein
government science implies the ability to gpply arange of different measures and processes,
some the same and some different from those used for non-governmenta science, while
recognizing that many of the criteriaare smilar.

These include excdlent people, quaified to carry out the intended work, proper facilities and
equipment, well-thought-out proposals that advance the state of knowledge (i.e. do not
duplicate information available from e sawhere), and relevance to some need. Citations (where
appropriate), numbers of graduate students and post-doctora fellows, and the number and
quality of linkswith externd partners are also measures that can be applied to government
research. Excellence requires not only assessment up front of the merit of the proposd, but dso
review of the results and outcomes of the research. One method for ensuring excellence in
government research is stakeholder involvement throughout the research process from planning
through to review of results. We fed that this sort of outside involvement is the absolute
minimum requirement; we encourage the government to go farther in ensuring the excellence of
the S& T upon which it depends for its decison making.

We are aware that most science-based departments and agencies have external S& T advisory bodies
in place. However, not dl of these bodies have a comprehensive role in ensuring the excellence of
departmental S& T, and even fewer have any ability to assess whether that S& T is being carried out to
the same standards as government S& T in other countries.
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Considerations

We do not believethat it isour placeto set S& T priorities for the government. We were asked to
provide the government with advice on its performance of S& T, and we are offering principles and the
recommendations that follow as guidance to the government in its priority setting. We fed that the
federd S&T role is an important one, and we welcome the commitment in the October 12, 1999,
Speech from the Throne: “The Government will also ensure that it has amodern and effective research
and science capacity to promote the hedth, safety and economic well-being of Canadians.” We believe
that such a commitment on the part of the federal government will require new resourcesto alow
departments and agencies to ddliver those roles.

We grongly believe that the gpplication of the principles we have developed will assst the government
in ensuring that it maintains a strong capacity to use science to address issues and make decisions for
the future. We fed it isimportant to stress that the implementation of the principles will, necessarily,
vary from department to department.

Time limitations and the evolving nature of some of the programs did not dlow usto dosdy examine
some of the newer modes for funding and performing S& T in the nationd interest, which are currently
under discusson. From what we were able to learn, however, we fed that the government should
congder some of the innovations in these programs in developing any forward-looking plan for federd
KT.

Thereis aneed for amore horizontal gpproach to S& T priority setting in government and departments,
aswell as across the innovation system. We recognize that existing programs such as the Pand on
Energy Research and Development and new programs such as the Canada Foundation for Innovation
and the Canadian Indtitutes for Hedlth Research may represent useful gpproaches in many aress.
Whichever models are selected, they should include:

C multi-stakeholder partnerships amed at fulfilling nationa needs through the most gppropriate
combination of resources (government, industry, university);

C excellence assured by appropriate expert review in the sdlection of projects and the assessment
of results and performance;

C openness and trangparency in decision making and the dissemination of results; and

C competition amnongst proposals to ensure that the highest priority issues are addressed.
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Recommendations

The gpplication of these principles will assst the government in ensuring that it maintains a strong
capacity to support the hedlth, safety and economic well-being of Canadians through its ability to
address science-based issues and decision making for the future. In this regard, the Council
recommends that the government and departments:

1.

Egtablish performance metrics and require the principles of alignment (with departmental
mandates and government priorities), linkages (across departments, across the Canadian
innovation system and with the globd S& T community), and excellence (to the highest
standards, assured by openness, trangparency, and regular and appropriate expert review) to
be integrated into the government’ s and departments’ priority setting, decison making and
delivery on S&T.

Require the existing annud planning and performance reporting mechanisms to explicitly include
areview of S&T priorities and activities on the bas's of the principles outlined here and
document the status of, and action plans for, the redllocation of resources to priority areas and
those that are emerging.

Implement and fund new models for S& T that move away from avertical gpproach to amore
horizontd (i.e. across government and the innovation system), competitive, multi-stakehol der
approach.

On an urgent bas's, commit sufficient resourcesto federd S& T to ensure that the government
has an gppropriate capacity to provide a sound scientific platform for delivering on itsroles,
induding its policy and decison making.

Edtablish arobust capability to assess the implementation of these recommendations by:

C requiring S& T advisory bodies to federal science-based departments to take an active
rolein departmental S& T planning and evauation (as committed to in the federal S&T

strategy);

C requiring each of these advisory bodiesto regularly assess departmenta and agency
reports on the implementation of these recommendations and report to, and review
with, their minister and the full CSTA,; and

C requiring the CSTA to report regularly to the CCEU on government-wide successin
that implementation.
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Appendix: Federal S& T Capacity — Summary of I nformation Collection

In identifying the roles of the federd government in performing S& T, we looked at available information
sources and, where additional information was needed, approached departments and agencies. The
following summarizes what we learned.

At 1.6 percent of gross domestic product (GDP), Canada ranks 13th among OECD nations and sixth
among the Group of Seven (G-7) nations in terms of its gross domestic expenditures on R& D (GERD).
From ardatively low level of 1.2 percent in 1981, Canada s GERD to GDP ratio increased throughout
the 1980s and early 1990s before reaching a plateau a 1.6 percent in 1994. This growth was fuelled
largely by a strong and sustained increase in funding from the busi ness enterprise sector and from
abroad. The federd contribution, on the other hand, increased initidly only modestly and, in the past
few years, has decreased in both red and absolute values. Consequently, there has been amajor
decrease in the share of the nationd R& D effort that is federdly funded.

The federd government now funds about one fifth of Canada s GERD, down from its 30 percent share
of adecade ago (see Figure 1, p. 30). Asa performer, federa ingtitutions conduct about 12 percent of
the national effort, down from 17 percent in the earlier period. Thus, over time, the federa government
has been waning in importance both as a source of funds and as a performer of R&D. Acrossthe
OECD, governments at dl levels fund about 31 percent of the nationd effort and perform about 11
percent. These values are roughly in line with those for Canada. However, more recently, governments
in many of the mgor industridized nations have stepped up their funding for public sector R&D
infragtructure. The Japanese government, for example, will have doubled its R& D spending in the five-
year period ending in the year 2000.
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Figure 1: GERD by major sources of funds, 1988 to 1999
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Source: Statistics Canada.

R& D, however, isonly one portion of the S& T activities funded by the federa government. Over the
last decade, about 40 percent of the federa funds were directed toward related scientific activities
(RSAS) such as data callection, information services, and economic and feasbility studies. These
underpin the government’ s ability to provide essentia public services such as weether forecadts, etc.
Unlike the R& D component, more than haf of which is now performed externd to the federa
government (extramuraly), the RSAs are conducted mainly within the federd scientific establishmen.

According to arecently released Statistics Canada report, the federal government will spend an
estimated $6.3 billion on S& T activities in the 19992000 fiscd year. Of this amount, $4 billion will be
on R&D and the remaining $2.3 hillion on RSAs (see Figure 2, p. 31). The universities, industry and
other extramura sectors will perform $2.4 hillion (about 60 percent) of the totd R& D and $592 million
(16 percent) of the RSAs. The federd scientific establishment will conduct $3.3 billionin S& T
activities, $1.6 hillion in R& D and $1.7 hillion in RSAs. Whereas federa support for both university
and industry R&D islarger than in 1994-95, intramural R& D spending will have decreased by more
than $100 million, which is a 13-percent decrease in purchasing power.



Figure 2: Federal S&T and R&D Expenditures by
Major Performers, 1994-95 and 1999-2000
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The federd intramural S& T program has two other components, one in the natura sciences and
engineering and the other in the socid sciences and humanities (SSH). The latter conssts dmogt entirely
of RSAs. Mgor programsin this areainclude those of Statistics Canada and the Nationa Library.
Programs in the SSH provide important services and undoubtedly make significant contributions to the
well-being of Canadians. However, since the mgor programs of this genre have been excluded from
the study of federd S& T facilities, no further attention will be devoted to the federd intramura SSH
component. Similarly, in what follows, the focus will be on those departments and agencies whose
facilities are the subject of the present review.

Expenditures on intramural S& T in the naturd sciences and engineering are expected to amount to

$2.3 billionin thisfisca year, down about $200 million since 1994-95. This represents a 7-percent
decrease in current dollars and a 12-percent loss after adjusting for inflation. Most of the reduction was
made in R& D expenditures. Whereas these accounted for 67 percent of the S& T totdl in 199495,

83 percent of the reduction came from the R& D component. Expenditure reduction was aso not
uniform across departments and agencies (see Figure 3, p.32). Some, such as Hedth Canada,
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the Canadian Space Agency (CSA) and the National Research Council Canada (NRC), have actualy
experienced growth in their intramura spending. Environment Canada, on the other hand, has seen its
intramural spending decrease by $100 million (21 percent); Natura Resources Canada (NRCan) by
$69 million (18 percent); Industry Canada by $54 million (28 percent); Fisheries and Oceans Canada
by $34 million (15 percent); and Agriculture and Agri-Food Canada by $31 million (9 percent). On
the personnel side, NRCan has lost 22 percent of its S& T complement and Environment Canada,

19 percent.

Figure 3: Change between 1994-95 and 1999-2000,
in funds for the major federal intramural S&T programs
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According to the Treasury Board Secretariat’ s publication, Employment Statistics for the Federal
Public Service, in March 1995 the federa government had 2171 personnd in the Scientific Research
(SE) group; 1459 in the Physica Sciences (PC); 1308 in the Biologica Sciences (Bl); 512 in
Chemidry (CH); 492 in the Defence Scientific Service (DS); 249 in Mahematics (MA); 159in
Forestry (FO); and 2906 in Engineering and Land Survey (EN). In the Technical category, 7381
personnel were in the Engineering and Scientific Support group (EG) (see Figure 4, p.33). These
numbers do not include those employed by the “ separate employers’ such asthe NRC and Atomic
Energy of Canada Limited, nor do they include military personndl. Unfortunatdly, the Statistics Canada
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dataon S& T personnel does not permit us to determine how many members of the core groups

were actudly engaged in S& T activities, but, with the exception of the EN and EG groups, it seems
reasonable to assume that most of them were. By March 1999, this core S& T group of 16 637 had
been reduced by 18 percent to 13 568, as compared to a 10-percent decrease in the overal Scientific
and Professiond category.

A subgtantia portion of the 10-percent decrease was due to the devolution of respongbilitiesto
provincid government and privatization, with aresulting remova of personnd from the Treasury Board

management regime.

Figure 4: Employment in the “core” S&T groups,
March 1995 and March 1999
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Level-of-effort Trends Against Key Activities

To address our mandate, we needed information on current roles being performed by federa
|aboratories. Statistics Canada data only provided information to the departmentd level, sncethe
collection of data by facility had been discontinued severd years ago. An early task for the Council was
to identify aset of key activities that represented the range of S& T activities performed by federa
facilities. With the cooperation of federa science-based departments and agencies, we devel oped the
fallowing ligt, which we believe spans most of the activities carried out in federa labs:

C support regulatory and policy-making activities,

C support development and management of standards;

C support public hedth, safety, environmental and defence needs;

C support industry research and testing needs,

C promote economic and socia development;

C understand and respond to new S& T developments,

C support the advancement of knowledge;

C support public outreach and communications; and

C other (adminidrative functions).

In thisinitiative, we eected to focus on activities carried out in federd S& T facilities, understanding that
adgnificant part of overdl federd S& T performed within government is undertaken outside those
facilities (i.e. science assessment, data collection, monitoring, many regulatory gpprovals). Notably, this
definition does not include significant parts of what is normaly referred to as “federd intramurd S&T.”
This digtinction isrelevant to the determination of the overdl federd S& T capacity, butislesssoin
looking at the roles of the government in performing S&T.

Departments and agencies were then asked to provide dataon their S& T facilities based on this set of
activities. While acknowledging that the list of activities was representative of the S& T functionsin their
fecilities, departments and agencies indicated that data were not normaly collected on this basis and

cautioned that the data they were providing should not be considered definitive. Data were collected for
three years: 1994-95 (before the government’ s Program Review) and the two most recent full years,



1997-98 and 1998-99. Reporting included totd facility spending and personnd, dong with a
percentage “level of effort” againgt each of the above activities. Departments and agencies provided
information on 122 digtinct S& T facilities, ranging in size from one employee and an $80 000-per-year
budget to over 400 employees and budgets of over $40 million.

Resource Trends

The data provided by departments and agencies represented $1203 million of spending in 1998-99
(down 17 percent from 1994-95) and 12 182 workers (down 15 percent from 1994-95). Spending
on R&D consumed gpproximately 72 percent of totd facility budgetsin 1998-99, up dightly from the
pre-Program Review period. Spending on RSAs was approximately 12.7 percent of the total over both
periods. “Other” spending, such as adminigtration and the management of facilities, consumed the
remaining resources. While spending on both R& D and RSAs declined, the cutsto R& D were less
than those to RSAs (-16 percent compared to -19 percent). In terms of employment, R&D personnel
showed adight gain (+0.6 percent), while RSA personnel declined by 16 percent.

Mogt science-based departments and agencies reported drops in their resource levels since the pre-
Program Review period (see Figure 5, p.36). The CSA was a hotable exception, with several new
facilities and new spending coming “on-ling” over that period. (The CSA grew from threeto five
facilities, and experienced spending increases of 87 percent and personnel increases of 125 percent).
Of the 11 departments and agencies that provided data, three had reduced the number of facilities they
operated (by between 11 percent and 22 percent); five had seen no change; and three, including the
CSA, experienced increases in facilities of 4 to 6 percent. In terms of spending, three departments or
agencies reported increases in spending of 2 to 4 percent, with the CSA receiving an 87 percent boost;
the rest experienced decreases, some by as much as 35 percent. Only two departments or agencies
reported increases in personnel: 1 percent for Health Canada, and 125 percent for the CSA. Other
departments and agencies reported decreases as high as 29 percent.



Figure 5: Resource changes by department/agency
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As noted above, these data are not definitive, but do indicate, with one exception, aclear reduction in
resources going towards federd S& T facilities. The data presented indicate larger cuts to spending and
personnd than were reported by departments and agencies as“intramurd S& T to Statistics Canada
While there are undoubtedly numerous methodologica variationsin the two data sets, they do suggest
that within departments and agencies, facility-based S& T activities have been cut more than other S& T
activities.



Trendsin Activities

Departments and agencies dso provided estimates of thair level of effort in the key activitiesidentified
by the CSTA. To smplify reporting, these data were requested as an estimate of the percentage of the
fecility’ stotd effort that each activity represented. While departments and agencies cautioned that the
data were not definitive, a number of observations could be made. Firg, the list of key activities
gppeared to be afairly comprehensive accounting of the nature of federa facilities (see Figure 6,
below). Thisfigure (i.e. the percentage of facilitiesindicating that they carried out that function) aso
indicates that al the activities have remained important to facilities snce Program Review. A higher
percentage of facilities reported being active in each of the categories post-Program Review, compared
to the earlier period. Activities showing the greatest increases were in support of industry research and

Figure 6: Participation (% of facilities performing each activity)
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testing needs (a 31-percent increase); public outreach and communications (up 9 percent); support for
regulatory and policy-making activities and understanding and responding to new S& T developments
(each up by 7 percent); and promoting economic and socia development and supporting the
advancement of knowledge (each up 5 percent).

The data provided by departments and agencies aso provided some ingght into shiftsin the key
activities being carried out in federal S& T facilities. Figure 7, below, indicates the magnitude of shiftsin
federd laboratory S& T activities Snce Program Review. While the shifts are smal in absolute level of
effort, they do indicate some changes in the priority accorded to the various activities. Mgor activities
that are receiving increased attention include support of industry research and testing needs

Figure 7: Change in key activities
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(up 29 percent), and understanding and responding to new S& T devel opments (up 14 percent).
Activities on the decline include supporting the development and management of sandards (down 13
percent) and advancement of knowledge (down 10 percent). “Other” activities were aso down by 18
percent, perhaps indicating more focusing of facilities' activitieson S& T pursuits.

Qualitative Information from Departments and Agencies

In addition to numeric data, departments and agencies were also asked to provide information on major
scientific equipment operated at their facilities and on key resourcing issues faced by the facilities. A
number of messages were gpparent from the information provided:

C federal S& T facilities operate many pieces of equipment (and research laboratories) that are
uniquein Canada and are extensvely used by many industry and university researchers,

C adgnificant proportion of the S& T equipment is old — past the industry standard for
replacement;

C many R&D projects are a or below critical mass— further cuts to resources or the loss of
personnel would mean that those capabilities would be logt;

C facilities are faling below contemporary hedth and sefety standards;

C support equipment and research platforms (vehicles, ships, building wiring) are ageing and are
not able to meet current performance needs; and

C maintaining awork force to operate this equipment and to carry out the rest of the S& T
activities a the fadilitiesis becoming a problem in anumber of areas Thisisaresult of ageing
work forces with insufficient depth in the ranks below, globa shortages of highly qudified
personnel in key areas (i.e. hedth research, veterinary medicine), lack of hiring of students and
post-doctoral fellows, excessive turnover of staff due to the use of term and contract positions,
non-competitive wage rates, and grict, inflexible staffing rules.

Observations from the Data

The data provided by departments and agencies provided some ingght into the wide range of S& T
capabilities that are resident in federa facilities. We recognize the contribution that the federd
government is continuing to make to Canadd s innovation system. Moreover, we recognize that federa
S& T facilities are needed to supply the high-qudity, independent scientific and technical knowledge that
is needed by the government to support its operations.
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We are convinced that federd S& T facilities have been impacted by Program Review and generd
government fisca restraint, resulting in reduced resources and awide range of chalenges to the conduct
of federal S&T. In other words, we believe the S& T capacity problem isred. At the same time,
however, on an individua department and agency basis, we saw only limited evidence of any shiftsin
activity mix or priority setting. In many departments, we saw evidence of a“business as usud”

approach being squeezed by shrinking resource levels (i.e. doing the same and more with less).
Rdatively few facilities were closed outright; some, however, relinquished independent adminigtration
and management but remained functiond.
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