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Introduction
The last several decades have witnessed mounting concern by academe,
government, business and the public about the state of Canadian science, technology
and innovation (STI)1. While some concerns are long-standing, the last decade has
seen an unprecedented public airing of concerns, voiced by a wide range of
stakeholders.
There are two broad input determinants of STI enterprise. One is STI investment
including both investment in STI capacity (i.e. STEM2 and STEAM education; college
and university training, etc.) and investment in research and development (R&D)
activities. These investments can be made by governments, business, universities
and colleges, and civil society.
The second is STI culture. This determinant captures interest in, understanding of,
attitudes about, and engagement with science and technology by a wide range of
stakeholders, from government through business to the public at large. Combined,
these four elements (interest, understanding, attitudes and engagement) reflect the
importance different stakeholders place on scientific R&D and technology
innovation and, as a consequence, their willingness to invest in and support the STI
enterprise.
What is the state of Canadian investment in scientific research and development
overall?
One standard measure employed by the Organization for Economic
Cooperation and Development (OECD) is the % of annual Gross Domestic Product
(GDP) expended on research and development. Over the first half of the last decade,
Canada’s Gross Domestic Expenditure on Research and Development (GERD3) was
stable at about 2% of GDP, well below the G7 average of 2.15%, but above the OECD
average of 2.10%. Since 2006, it has declined steadily, and in 2013 - the last year for
which systematic comparative data are available - stood at 1.62% of GDP. During
the same period, many OECD and G7 countries increased spending on R&D4: in
2013, OECD countries spent, on average, 2.36% of GDP on research and
development. As a consequence, in 2013, Canada ranked 24th in GERD intensity
(spending per GDP), down from 16th in 20065.
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Fig. 1. Canadian GERD intensity from 2000-2013 compared to the OECD and G7 average.

The short answer, then, is that Canada’s overall investment in scientific R&D is
underwhelming, at least with respect to international comparators.
How about the state of Canadian science culture? A recent report by the Canadian
Council of Academies6 concludes that, in comparison to other countries, Canadians
have generally positive attitudes towards, and show a high level of engagement
with, science and technology. Canadians also show comparatively little concern
about the potentially disruptive effects of science and technology, ranking 1st of 17
industrialized comparator countries7. Finally, Canadians appear to have a
comparatively high level of understanding of basic scientific principles, with the
level of public understanding of science increasing since 19898.
All of this suggests that the state of science culture in Canada, at least among the
public, is reasonably healthy. But there are worrying signs. Canada’s PISA
(Programme for International Student Assessment) scores in science and
mathematics have declined since 2006; the result is that Canada’s standing in
mathematics has fallen from 3rd to 10th, and in science from 7th to 14th 9. In 2013,
only 20% of first university degrees in Canada were in STEM fields, 19th out of 29
comparator countries10.
Against this backdrop, concerns about the state of Canadian STI fall into three broad
categories:
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Federal investment in, and capacity for, scientific research and development,
especially with respect to public interest science generally, and intramural
public interest science more specifically



Business performance in innovation generally, and more specifically,
investment by business in science and technology research and
development; and



The state of science culture both within and outside government.

By virtue of its regulatory and statutory authority and/or purchasing power, the
federal government has the potential to address all three concerns. But it cannot,
and indeed, should not, do it alone. Reinvigorating the Canadian STI enterprise
requires, first and foremost, restoring and sustaining the health of the Canadian STI
ecosystem with all of its constituent elements and actors, from investors (angels,
venture capitalists, pension funds and governments) to producers (science and
technology institutions, including universities and colleges; business; governments
and civil society) to consumers (business, industry, government, civil society and
the general public).
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INVESTMENT IN SCIENCE AND TECHNOLOGY
Regional science and technology (S&T) development
Background: In March 1987, federal, provincial and territorial leaders signed the first (and
only, thus far) National Science and Technology Policyxi(NSTP) that included six major
objectivesxii. The NSTP was the culmination of an extensive three-year process of
consultation with provincial and territorial governments as well as the full range of science
R&D stakeholders. Since that time, Canada has seen a series of federal science and
technology strategies: Innovaction in 1987xiii; Science and Technology for the New Century in
1996xiv; Mobilizing Science and Technology to Canada’s Advantagexv in 2007; and Seizing
Canada’s Momentxvi in 2014.
Unlike its successors, the 1987 NTSP included a major focus on bilateral federalprovincial/territorial agreements. These Economic and Regional Development Agreements
(ERDAs) were in effect between 1984 and 1994, and formed the basis for almost a hundred
subsidiary agreements, a number of which focused specifically on joint federal-provincial
investments in science and technologyxvii. On the elimination of the federal Department of
Regional Industrial Expansion (DRIE), federal regional economic development was
transferred to regional economic development agencies, five of which are still in place
today.
The issue: Since 1996, federal science and technology strategies have focused principally on
ways and means by which the federal government might directly influence Canadian S&T,
either through direct investment, through its purchasing power, or through regulatory and
financial instruments (e.g. tax credits) that fall within its jurisdictional powers. None of
these strategies, most notably the 2007 and 2014 incarnations, have made a serious
attempt to engage provincial, territorial, First Nations or municipal governments in
developing regional S&T strategies or fostering healthy S&T ecosystems at the regional
level.
Recommendation:
Develop and implement a new national science and technology strategy based upon a set of
regional, multilateral S&T agreements, negotiated through the existing federal
development agencies. Such agreements would have, as their primary objective, the
restoration of the health of regional S&T ecosystems, and should be based on open
consultations with S&T producers and consumers, including provincial, territorial, First
Nations and municipal governments; academe; civil society and the business (including
investment) sector. In particular, they would provide vehicles for the identification of
regional S&T priorities, as well as the design and delivery of government support programs
to S&T producers, including business, colleges and universities, and civil society.

Declining federal investment in scientific research and development
Background: The federal government is a major contributor to scientific research and
development, but directly through investments in intramural science and technology
development, and indirectly through extramural investment in research in universities and
colleges and joint S&T enterprises with business.
Over the past several decades, the federal contribution to GERD has declined. In
1970, federal investment accounted for more than 30% of the total annual S&T
expenditures; by 2011, it had shrunk to 9%xviii. Total S&T spending by the federal
government has declined, from a high of $12.04B (CAN) in 2009-2010 to $10.6B in FY
2014-2015 (Fig 2)xix. On the other hand, most recent estimates show a projected increase
in S&T spending by the federal government of 2.1% overall in FY 2015-2016xx.
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Fig. 2. Federal expenditures on science and technology, 2000/2001-2014/2015, in constant 2007
dollars.

Embedded within this overall trend of declining federal investment are two
particularly worrying trends. One concerns intramural S&T spending, that is, expenditures
on science and technology spent within federal departments and agencies. While some of
these expenditures are allocated to basic research and technology development, the lion’s
share goes to the science that supports federal statutory, regulatory and policy decisionmaking. From FY 2000/2001 to FY 2010/11, intramural S&T spending increased from
$4.04 B to $6.06B, but declined to $5.42B in 2015xxi. These reductions have resulted in the
closing of a large number of federal science units and programsxxii. In a recent report, the
Professional Institute of the Public Service estimated that between 2008 and 2013, $596
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million was cut from science and technology at federal departments and agencies,
eliminating the equivalent of 2,141 full-time positionsxxiii.
A second trend concerns federal investment in research conducted at colleges and
universities. Federal funding to research and development activities in higher education
(so called HERD) sector was stable at about $0.8B during the 1990s, and rapidly increased
from the late 1990s to $3.2B in 2011, since when it has increased very slightlyxxiv. Although
absolute investment in higher education research and development (HERD) has increased,
between 2006 and 2013, Canada’s position with respect to HERD intensity (HERD per GDP)
has deteriorated from 3rd to 8th position globally, principally as a result of greater
investments in HERD by competitor nationsxxv.
The issue: There is widespread concern that historical and ongoing reductions in federal
investment in science and technology has compromised the ability of the federal
government to sustain its core S&T functions: supporting statutory, regulatory and policy
decision-making and standards; producing products and services that enhance public
welfare (e.g. health, safety, security, etc.); providing anticipatory/adaptive knowledge and
technologies to respond quickly to national priorities; and facilitating technology
innovationxxvi.
Recommendations:




In consultation with other elements of the Canadian S&T ecosystem (other levels of
governments, universities and colleges, business and civil society), undertake a
thorough assessment and analysis of the resources required to sustain critical
federal S&T functions at a high level, including especially internal S&T capacityxxvii.
Increase federal investment in higher education research and development to a
level sufficient to keep pace with other countriesxxviii.

Low and declining investment by business in research and development
Background: Business is an important component of the S&T ecosystem, acting both as a
science and technology producer and consumer. As a producer, one performance indicator
is how much business invests in research and development.
On this metric – as on several others – Canadian business performance is poor.
Business enterprise research and development per unit GDP (BERD intensity) has been
dropping steadily, from 1.18% in 2005 to 0.82% in 2013 – half the OECD average (Fig.
4)xxix. A recent report by the Conference Board of Canada gave Canada a “D” for business
investment in research and development, ranking it 15th of 16 comparator countriesxxx.
Another recent report by the Science, Technology and Innovation Council (STIC) ranked
Canada 26th among international competitors, with BERD intensity at 36 percent of the

2

Business Expenditure in R&D as a %
of GDP

threshold of the top five performersxxxi. From 2007 to 2015, Canada’s overall business
investment in R&D dropped by over $1 billionxxxii.

Canada's Business Enterprise Expenditure in R&D as a
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Fig. 4. Canadian business enterprise research and development as a percentage of GDP
(BERD intensity), 2003-2013.

Canada’s industrial/business R&D performance has been underwhelming for
decadesxxxiii. But its continued deterioration is especially problematic now: as the
Conference Board points out, the Canadian economy is at the point where the risks of not
investing in research and development outweigh the risks of doing so.

The issue: In part at least, Canada’s comparatively poor productivity is a result of lacklustre
business R&D performance. The past decades have seen a number of attempts by the
federal government to stimulate business investment in R&D, most recently Venture
Capital Action Plan that includes CAN$ 400 million in new capital over the next 7–10 years
to encourage private investment in the form of venture capital funds, and the Canada
Accelerator and Incubator
Program that provides grants of up to CAN$ 5 million annually to top business accelerators
and incubators. Yet despite a sequence of federal strategies, business investment in
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research and development continues to decline, and Canada continues to loose ground to
international competitorsxxxiv.
Recommendations:





Shift federal support for business towards direct funding, strategically targeting
large companies engaged in high risk, high reward R&D and high-growth by small or
medium sized enterprises (SMEs)xxxv.
Examine ways by which financial risks born by angel, VC or other investors may be
mitigated or offset. Such vehicles might include non-refundable tax offsets or capital
gains allowances for early stage investment.
Examine existing insolvency laws to determine the extent to which they reduce risk
tolerance for failure, especially by SMEsxxxvi.
Examine ways to revise federal government tendering and procurement policies so
as to both provide markets for mature technologies and encourage development of
new technologiesxxxvii.

Allocation of federal funding to basic versus applied versus commercialization R&D
Background: Scientific research and development ranges from basic or fundamental
research, concerned essentially with understanding how nature works, to applied research
and technology commercialization, concerned with bringing new technologies to market. A
perennial issue is the extent to which scarce federal resources for science and technology
ought to be allocated to different parts of the R&D spectrum.
The issue is a contentious one. On the one hand, everyone agrees that every
commercial technology has its origins in fundamental research. Most would also agree
that some of the core functions of federal S&T – for example, sustaining the health of both
Canadians and the environments in which they live - depend on investment in fundamental
research. On the other hand, better alignment of federal research priorities with the needs
of business and industry is more likely to enhance business innovation and productivity.
In Canada, the last decade or so has seen a marked shift of federal investment away
from basic scientific research. Following recommendations in the Jenkins reportxxxviii , the
core mission of the National Resource Council (NRC) was rewritten to focus on research of
direct relevance to industryxxxix, with only 20% of the annual budget, being allocated to
basic researchxl. More recently, the Canada First Research Excellence Fund, created in
2015, will provide $200 million annually for global research projects that are aligned with
the federal science, technology and innovation priority research areas and demonstrate
‘long-term economic advantages for Canada’.
The Natural Sciences and Engineering Research Council’s (NSERC) Discovery
program, which funds the majority of basic research in the natural sciences and
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engineering has witnessed a 16% reduction in inflation-adjusted dollars from 2006 to
2013, coincident with a 167% increase in funding for NSERC’s innovation program (Fig. 5).
In the same time period, success rates for tri-council (NSERC, SSHRC, and CIHR) open
research grants that serve as the main source of basic research funding have dropped from
70% to 59% NSERC 33% to 27% at SSHRC, and from 28% to 9% at CIHRxli.

Millions of Inflation-Corrected Dollars
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Fig. 5. Changes in allocation to basic (Discovery Research) versus applied/commercialization
research (Innovation Research) at the Natural Science and Engineering Research Council of Canada,
2004-2014. NSERC’s Discovery grant program supports research programs with long-term goals
that advance knowledge in all fields of science and engineering. NSERC’s Innovation grants support
universities and colleges working with industry partners. Innovation research also includes
support for technology transfer in specific government-defined sectors, with some programs
requiring matched funding from industrial partners.

The issue: The shift away from federal funding of basic research to programs designed to
support business and industry has been an ongoing concern among Canada’s research
communityxlii. But there is also a need to provide strategic research support to facilitate
business innovation, especially in sectors with large economic impacts.
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Recommendation: In consultation with other elements of the Canadian S&T ecosystem
(other levels of governments, universities and colleges, business and civil society), develop
and implement principles and criteria for allocating federal support for fundamental versus
applied versus commercialization (including technology prototyping, demonstration and
deployment) research.

THE STATE OF FEDERAL GOVERNMENT SCIENCE CULTURE
Issue: Communication of federal science
Background: Probably no Canadian science issue has garnered more public attention over
the last few years than policy decisions that have restricted the ability of federal
government scientists to communicate their science with the media, the public, and with
the scientific community outside government. The controversy has focused on two
principle issues. First, to what extent is muzzling occurring?. Second if it is occurring, to
what extent is it legalxliii, justified by the federal code of values and ethicsxliv and/or in the
interests of the Canadian public?
There is by now a mountain of anecdotal evidence of communication constraints,
both direct and indirect, being put on federal government scientistsxlv. A 2013 survey found
that 90% of federal scientists feel they are impeded from communicating freely with the
media about their workxlvi. Almost three quarters of federal scientists (71%) believe this
has compromised Canada’s ability to develop policy, law and programs that is wellinformed by scientific evidence. In 2014, a report evaluating media communication policies
awarded 12 of 14 federal science departments grades of C or lower for openness,
timeliness and transparency. These evaluations were substantially lower than those
assigned (using the same methodology and criteria) to analogous departments in the
United States in a comparable studyxlvii.
The issue of the justifiability of such constraints is more controversial. Some view
allegations of “muzzling” as simply reflecting a lack of understanding of the responsibilities
of both ministers and public servants under the Code of Values and Ethics for the Public
Sector (CVEPS)xlviii. For others, although there may be good reasons for government
scientists to refrain from commenting publicly on government policy, impeding
communication of scientific information undermines government credibility and impedes
the ability of Canadians to make informed decisionsxlix.
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Recommendation: As part of its election platform, the new federal government has
committed to eliminating existing constraints on the communication of federal science.,
and has already taken action to do sol. It is further recommended that it:


Establish an explicit, pan-department policy that not only protects but facilitates
and encourages federal scientists to communicate their science to the media, to the
public, and to the broader scientific community.



Review protocols for external communication of science and technical information,
including publishing of scientific and technical articles, conference presentations
and the like, to ensure timely and efficient dissemination.



Empower the proposed Chief Science Officerli to work with the Office of the
Information Commissioner and Treasury Board to develop operational guidelines to
ensure that public communication of scientific and technical information complies
with the Code of Values and Ethics for the Public Sector.

Issue: Enhancing the role and use of scientific evidence in government decision-making
Background: The last decade has seen increasing public concern over what has been
characterized as “decision-based evidence-making” by critics of the former administrationlii
and, more generally, a flight from evidence-based decision making. The latter has
manifested itself in a number of well-known examples of contentious issues whereby
policy, regulatory and statutory decisions have been rendered that appear to ignore, or be
inconsistent with, the existing scientific evidenceliii. In some particularly egregious
examples, the state of the scientific evidence has been publicly misrepresentedliv.
Over the past decade, a number of reports have examined the state of evidenceinformed decision-making in governmentslv . The goal of achieving systematic evidenceinformed decision-making throughout government requires that (a) protocols concerning
how science advice is solicited and incorporated into policy processes be designed and
implemented; (b) those who would give science advice (researchers, science advisors, etc.)
adopt a set of “best practice” principleslvi to ensure that the advice so provided is of
maximum usefulness; (c) those who would receive science advice (policy advisors,
ministers and parliamentarians) have sufficient understating of scientific evidence and its
limitations to make informed decisions; and (d) that all evidence considered and used in
the decision-making process is made publicly available unless there are compelling reasons
for doing otherwise.
In the Canadian context, two initiatives are particularly noteworthy. The 1999
report from the now-defunct Canadian Council of Science and Technology Advisors Science
Advice for Government Effectiveness (SAGE) outlined six basic principles to ensure that
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ministers have confidence that systematic evaluation of all relevant science was made in
providing advice; that credible science advice is considered by decision makers; and that
both the public and parliamentarians are confident that government is using science in the
best interests of all Canadianslvii. More recently, the Science Integrity Project has proposed
a set of four principles designed to enhance the role of science in government decisionmakinglviii. Similar principles have also been recently articulated by the Royal Society of
Canadalix
The issue: Public trust is crucial to the functioning of democratic governments. In large
measure, this trust depends upon the open and transparent use of evidence in government
decision-making. Over the last decade, the apparent repudiation – or at least, indifferent
application – of evidence-informed decision-making has not only eroded the federal
government’s scientific credibility, but undermined public trust and contributed to a
chronic malaise among government scientists.
Recommendation: To enhance evidence-informed decision-making, the federal government
should:




Implement the principles for scientific integrity and science-informed decisionmaking developed by the Science Integrity Project and the Royal Society of Canada
into all federal decision-making;
Review, update and implement SAGE to produce a set of best practice principles and
criteria for those who provide science advice (science advisors, broadly construed)
so as to ensure the advice is timely and useful;
Develop a simple set of tools that would allow parliamentarians and other decisionmakers to understand and assess the scientific evidence underlying candidate
statutory, regulatory or policy options.

Issue: Federal science advice

Background: Elected Members of Parliament have recently been appointed to the roles of
Minister of Science and Minister of Innovation, Science and Economic Development. The
former’s mandate letter specifically charges the Minister with the creation of the position
of a Chief Science Officer, who will “ensure that government science is fully available to the
public, that scientists are able to speak freely about their work, and that scientific analyses
are considered when the government makes decisions.”lx
The office of the National Science Advisor (NSA) existed in Canada from 2004-2008,
but was discontinued by the Conservative government after the formation of the Science,
Technology and Innovation Council (STIC) in June 2007. The NSA advised the prime
8

minister directly for two years (2004-2006), but was directed in 2006 by the newly elected
government to advise the Minister of Industry for the remainder of his tenure as CSA.
As pointed out in a recent white paper by the Royal Society of Canada, many
countries now have CSAs or their equivalents. Though their mandate varies somewhat, all
CSAs provide science advice to government on a broad range of science and technology
issues, both domestic and international; provide guidance on the appropriate
interpretation of scientific evidence and associated uncertainties; perform public outreach
and communication on a range of S&T issues; and chair some sort of science and
technology advisory committee (STAC).
The issue: Although the broad responsibilities of the Chief Science Officer have been been
outlined in the mandate letter to the Minister of Science, a number of issues remain,
including to whom the CSO should report; the core functions that should be sustained by
the office.
Recommendations: That the Office of the Chief Science Officer (CSO)









be established in a manner that provides full independence from the government of
the day as well as protection from political influence.
should report to both the Prime Minister and the House of Commons/Senate, with
the nature of the reporting differing between the two;
should chair or co-chair a reconstituted and reconfigured Science, Technology and
Innovation Advisory Committee (STIAC) established under the authority of the
Department of Science and/or the Department of Innovation, Science and Economic
Development;
should assist in, and report to Parliament on, progress in enhancing science culture
within the federal government, including in particular (a) open data and open
science communication initiatives; (b) implementing of science integrity principles
and SAGE (see above);
should provide parliamentarians with accurate and timely advice on science and
technology policy and ensure that the legislative process is appropriately informed
by scientific and technical evidence;
should regularly communicate with the public to ensure that it is adequately
informed about science and technology issues of national importlxi.
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