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TERMINOLOGY & ABBREVIA

A Note on Terminology

Throughout this report, the Panel uses a variety of terms that should be briefly elucidated at the outset.

We use “research” as an umbrella term covering both “science” and “scholarly inquiry”. In all cases it refers
to work done to generate new knowledge or insights, carried out using methods and reported in forms that
can withstand critical scrutiny by expert peers.

The distinction between science and other forms of scholarly inquiry is not straightforward; readers can
find hundreds of thousands of words published on that topic. As our aim is to be inclusive, we take a
pragmatic approach: science is done by scientists; scholarly inquiry is carried out by those with similar
motivations who use methods that are often distinct from those used by scientists. With the same inclusive
orientation, we comment briefly in the report on the complex interplay between basic and applied research.

Another terminology issue concerns the characterization of different kinds of grants and awards.! The
largest group of awards, delivered through well-known programs such as Discovery (NSERC), Project/
Foundation Grants (CIHR), and Insight (SSHRC), covers costs such as research material, small equipment,
professional services, travel, workshops and seminars, and stipends for students. These awards are
commonly referred to as “research grants” or “research operating grants”. However, in this report we refer
to them as “direct project funding” to distinguish them from the other operating costs that we examine,
including awards covering capital equipment, equipment operating costs, personnel, and the institutional
costs of research.

We also found it useful to divide direct project funding into two broad groups. The first group is support
for what can be called “investigator-led research”, also termed discovery-oriented, inquiry-driven, or simply
“independent”—a concise description that we have used most often for this group. In this category, grant-
making competitions are structured such that decisions about what to study and how to conduct research
rest largely with researchers themselves.

The second group is what we term “priority-driven research”. This includes research carried out in
partnership with government, business, and non-profit sectors where the partnership is pre-specified as a
condition rather than chosen by researchers as the preferred mode of pursuing a line of investigation. The
category also includes competitions with tightly defined areas of focus. One federal agency has placed these
latter grants in the “investigator-led” category on the grounds that researchers have latitude to pursue varied
lines of investigations within the defined focus, but the Panel believes they are better situated here. In like
fashion, this category includes direct project funding with formal network configurations and institutional
block grants. Some of these competitions involve both top-down priorities and requirements for partnerships
and matching funds. Priority-driven research also includes programs with a strong innovation or knowledge
translation focus directed towards a specific application. As these programs are outside the Panel’s mandate,
we did not examine them in detail.

i We use these terms interchangeably but recognize that in some circumstances they have different meanings.



viii Investing in Canada's Future: Strengthening the Foundations of Canadian Research

The Panel fully appreciates that direct project funding within the “priority-driven” category can generate
important new knowledge and insights, assuming researchers are given appropriate independence in
defining methods, interpreting results, and publishing the relevant reports. Furthermore, as will become
clear, we believe that some degree of pluralism in funding arrangements is essential for the health and
resilience of any research ecosystem. However, among the reasons the Panel was constituted was to assess
whether federal patterns had shifted such that fully independent research was no longer adequately
supported. These distinctions, and the associated terminology, will therefore figure on a number of
occasions in the course of the report.

Abbreviations

BERD business enterprise expenditures on R&D
CCA Council of Canadian Academies

CCI College and Community Innovation
CCv Common CV

CECR Centres of Excellence for Commercialization and Research
CERC Canada Excellence Research Chairs

CFI Canada Foundation for Innovation
CFREF Canada First Research Excellence Fund
CGS Canada Graduate Scholarships

CIFAR Canadian Institute for Advanced Research
CIHR Canadian Institutes of Health Research
CRC Canada Research Chairs

CREATE Collaborative Research and Training Experience
CSA Chief Science Advisor

CSO Chief Science Officer

DG Discovery Grant

DRI digital research infrastructure

ECR early career researcher

F&A facilities and administration

FPT federal-provincial-territorial

GERD gross domestic expenditures on R&D
HERD higher education expenditures on R&D
HQP highly-qualified personnel

HR? high-risk, high-reward

IOF Infrastructure Operating Fund

ISED Innovation, Science and Economic Development
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MRF
MSI
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National Research Council (Canada)

National Science Advisor

natural sciences and engineering

Natural Sciences and Engineering Research Council
National Science Foundation (U.S.)

operating and maintenance

Privy Council Office

postdoctoral fellow
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Research Support Fund
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Science, Technology and Innovation Council

University and College Academic Staff System






ABSTRACT

Canadian accomplishments in science and scholarly inquiry have long been a source of national pride.
However, by various measures, Canada’s research competitiveness has eroded in recent years when
compared with international peers. The change coincided with a period of flat-lining of federal spending
through the four core funding agencies that support researchers in universities, colleges, institutes, and
research hospitals. In those years funds were also directed preferentially to priority-driven and partnership-
oriented research, reducing available support for independent, investigator-led research by frontline
scientists and scholars.

The proportion of federally derived funding for research has also declined. Canada ranks well globally

in higher education expenditures on research and development as a percentage of GDP, but is an outlier
in that funding from federal government sources accounts for less than 25 per cent of that total, while
institutions now underwrite 50 per cent of these costs with adverse effects on both research and education.

Despite high levels of talent, expertise, and dedication on the part of those serving each agency, there is
evidence to suggest that the overall stewardship of the federal research ecosystem needs to be strengthened.
Coordination and collaboration among the four agencies is suboptimal, with variations in governance,
administrative practices, and funding priorities within and across agencies that are not explicable

either by disciplinary differences or by the needs of the relevant research communities. Investments in
infrastructure and related operating costs are not consistently aligned, and funding for areas such as
international partnerships or multidisciplinary research is uneven. Early career researchers are struggling
in some disciplines, and a career-spanning strategy for operating and personnel supports is lacking. For
example, flagship personnel programs such as the Canada Research Chairs have had the same value since
2000. Levels of funding and numbers of awards for students and postdoctoral fellows have not kept pace,
variously, with inflation, peer nations, or the size of the applicant pools.

This report accordingly outlines a comprehensive agenda to strengthen the foundations of Canadian
extramural research. It recommends legislation to create an independent National Advisory Council on
Research and Innovation (NACRI). Working closely with Canada’s new Chief Science Advisor (CSA),

the new council would raise the bar in terms of ongoing evaluations of all programming. The report also
recommends wide-ranging improvements to oversight and governance of the four agencies, including the
appointment of a coordinating board chaired by the CSA. Other changes would promote lifecycle oversight
of national-scale research facilities, and improved methods for initiating, reviewing, and renewing or
terminating contribution agreements with external non-profit entities operating in the research realm.

Concurrent with these improvements designed to augment the effectiveness, accountability, and efficiency
of various elements of the system, significant reinvestment is required. This reinvestment should be
undertaken on a multi-year basis, coupling predictability with better planning. Targeted increases are
recommended based on benchmarking, contingent in several cases on presentation and approval of multi-
agency plans for improvements to programs. New spending would be balanced across:

* investigator-led research operating grants (the highest priority);
* enhanced personnel supports for researchers and trainees at different career stages;

* targeted spending on infrastructure-related operating costs for small equipment and Big Science
facilities; and

* enhancement of the environment for science and scholarship by improved coverage of the institutional
costs of research.
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The cumulative base increase would move annual spending in steady-state across the four agencies and
closely related entities from approximately $3.5 billion to $4.8 billion. This phased-in increase requires
dedicating an additional 0.4 per cent of the Government of Canada’s annual budget to an area of shared
jurisdiction where federal leadership is essential and welcomed. Given global competition, the current
conditions in the ecosystem, the role of research in underpinning innovation and educating innovators,
and the need for research to inform evidence-based policy-making, it is also among the highest-yield
investments in Canada’s future that any government could make.



1. Mandate and Consultations

The Advisory Panel on Federal Support for Fundamental Science was appointed in June 2016. Our
mandate entailed a review of the federal system of supports for extramural research, understood to
be research conducted by scientists and scholars employed outside of federal, provincial, or territorial
government departments and agencies.

Our mandate was further clarified as follows. We were expected to cover the full range of disciplines
involving peer-reviewed science or inquiry, with either a basic or applied orientation. As well, our focus was
to be on programs supporting knowledge generation, as contrasted with programs oriented primarily to
fostering partnerships with industry or civil society, or promoting knowledge translation, innovation, and
commercialization.! We focused our work primarily on the four pillar agencies that support the Canadian
extramural research ecosystem: the three granting councils—the Natural Sciences and Engineering
Research Council (NSERC), the Canadian Institutes of Health Research (CIHR), and the Social Sciences
and Humanities Research Council (SSHRC)—as well as the federal infrastructure agency, the Canada
Foundation for Innovation (CFI).

Consistent with our mandate, we examined funding arrangements in peer nations. Our assessments

have been shaped by their international practices, and by the organizing principles we observed in the
strongest agencies and programs here and abroad. These principles may be encapsulated by the following
brief descriptors: World-leading and Globally-collaborative; Meritocratic; Independent yet Accountable;
Coordinated; Balanced; Responsive; Talent-focused; Diverse and Equitable; Efficient; and Outward-facing.

The Panel’s call yielded 1,275 written submissions from individuals, associations, and organizations. We
also convened roundtables in five Canadian cities, engaging some 230 researchers at different career stages
in conversations on diverse topics. We identified many strengths and found much to commend.

Our mandate, however, was to identify gaps and address specific questions posed by the Minister of
Science. The concluding chapter of the report addresses each of those questions. This précis in contrast
tracks the logic of the report itself, opening with an overview of the system’s funding and performance and
then summarizing our recommendations in three interlocking categories.

2. Funding

Canadian gross domestic expenditure on R&D from all sources relative to GDP (GERD intensity) has
been declining slowly over the last 15 years, as contrasted with our G7 peers and key east Asian nations.
Worldwide, including non-OECD nations, we are no longer in the top 30 nations in terms of total
research intensity. HERD is a subset of GERD related to extramural research conducted by institutions of
higher education and affiliates. In 2014 Canada’s HERD intensity was seventh in the OECD, but highest
in the G7.

i The Advisory Council on Economic Growth has recently recommended a wide-ranging review of federal supports for
innovation. We have endorsed that recommendation (R1.1), and indicated areas of synergy with our other recommendations.
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This higher standing compared with overall R&D spending is often linked to the growth in federal
research spending that started in 2001, and seems at odds with the extensive concerns about funding that
we heard from scientists and scholars. However, in 2015 almost 50 per cent of HERD in Canada was
funded by universities and colleges themselves, while the federal government contributed only 23 per cent.
Internationally this is a highly anomalous situation, and it is having adverse effects on both research and
higher education across Canada.

As well, growth in federal spending was matched by growth in the number of people engaged as researchers
at Canadian universities and colleges. Thus, in constant dollars, granting council funding per researcher has
been in steady decline since 2008-09. We examined a number of international peer jurisdictions and found
no evidence that there was either unusually fast growth in Canada or that there is now a uniquely Canadian
glut of extramural researchers. Indeed, for doctoral-level graduation rates, Canada ranked 224 among

35 comparator OECD countries in 2013; contrary to popular belief, Canadian enterprises in the for-profit
and not-for-profit sectors are hiring PhDs at a rate commensurate with rising graduation rates.

The years from 2006-07 to 2013-14 also saw a shift in funding away from independent research, be it
basic or applied, that allows individuals or teams to define their topics and/or the structure of the research
collaboration. We estimated that scholars, scientists, and trainees wishing to pursue fully independent
research work saw a decline of available real resources per researcher of about 35 per cent in that period.

3. Performance Measures

There are many possible measures of the quality and impact of science and scholarly inquiry. Two
commonly used are summarized here: bibliometric analyses of publication counts in indexed journals and
profiles of major prizes and awards. Canada’s publication output is growing, but, according to a December
2016 update from the Council of Canadian Academies: “Production of publications in most fields of
research in Canada grew more slowly than the world average in 2003—2014. This is a change from the
2012 report, which noted that half of the fields grew more quickly than the world average in 1999-2010.”
As a result, Canada’s global rank in total research output dropped, from seventh in 2005-2010 to ninth

in 2009-2014, as Italy and India moved ahead. Examining numbers of recent publications in Nazure

and Science, the two flagship journals of basic research, Canada ranked 8% among nations, with only 1
Canadian institution in the top 20 worldwide, and 2 more in the top 100.

Citations, which occur when publications are referenced in articles by other scientists and scholars, are a
proxy for impact of Canadian-authored work. Canadian papers were cited at a rate 43 per cent higher than
the global average in 2009-2014, standing commendably in the top six nations globally. However, our
growth rate ranked 15%, suggesting again that Canada is stalling relative to peers. Examining the numbers
of publications in the top 1 or 10 per cent worldwide for frequency of citation, on a per capita basis
Canada lags other small nations such as the Netherlands, Sweden, and Switzerland.

Canada’s performance in winning international prizes is trailing traditional powerhouses such as the

U.S. and U.K. It is also well behind Australia, which now outperforms Canada on several other measures.
In recent decades, twice as many Canadians have won research-related Nobel prizes while working in the
U.S. as have been awarded to Canadian-born or foreign-born scientists working in Canada.

4. Findings and Recommendations in Brief

We emphasize that the summary of findings and recommendations below is highly abbreviated. It would
be irresponsible for any secondary summary or other interpretation of our report, let alone policy action, to
depend solely on this précis rather than on careful reference to the full text.
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4.1 Broad Oversight, Rigorous Evaluation

Based on consultations and its own research, the Panel concluded that Canada’s federal research ecosystem,
despite many strengths, is weakly coordinated and inconsistently evaluated, and has not had consistent
oversight. Further, the links between extramural and intramural research should be strengthened, as
should federal-provincial-territorial (FPT) collaboration. The current external advisory body, the Science,
Technology and Innovation Council (STIC), has no independent reporting authority and a constrained
disciplinary mandate. The imminent appointment of a new Chief Science Advisor (CSA) for Canada is a
major step forward, but more needs to be done.

We recommend (R4.1)! that the Government of Canada, by an Act of Parliament, should create a new
National Advisory Council on Research and Innovation (NACRI) to provide broad oversight of the federal
research and innovation ecosystems. STIC should be wound down as NACRI is established (R4.2).

NACRI should have 12 to 15 members, appointed through Orders in Council, comprising distinguished
scientists and scholars from a range of disciplines as well as seasoned innovators with strong leadership
and public service records from the business realm and civil society. Domestic members should be drawn
from across Canada and reflect the nation’s diversity and regions (R4.3). An external member should hold
the Chair of NACRI with the CSA serving as Vice Chair. NACRI should be supported by a dedicated
secretariat working within the larger expert team supporting the CSA (R4.4).

As a council of senior volunteers with a broad mandate of national importance, NACRI should have

a publicly acknowledged working connection to the Prime Minister/PMO, parallel to that established

for the CSA. NACRI should report to and interact most directly with the Minister of Science and the
Minister responsible for Innovation and Economic Development, and liaise closely with the Minister of
Health given Health Canada’s linkages to CIHR. It should also have open channels of communication
with ministers of key departments involved in intramural and extramural research (R4.6). Connections to
officials in Finance will be particularly important to facilitate input by the CSA/NACRI on intramural and
extramural research budgets.

Among NACRI’s responsibilities would be:

* advice to the Prime Minister and Cabinet on federal spending as well as broad goals and priorities for
research and innovation;

* improving the coordination and strategic alignment of different elements of federal support for research
and innovation;

* evaluation of the overall performance of the extramural research enterprise;

* public reporting and outreach on matters determined by the Council;

* confidential or public advice on other matters as requested by the Government of Canada;
* a foresight function for research and innovation;

* in concert with the CSA, ongoing advice on (i) the effectiveness of extramural research agencies and
the intramural research groups, and (ii) the facilitation of collaboration among them and with the
extramural research realm;

* advice on unusual requests for research support that fall outside the usual remit of the granting councils
and CFI; and

* liaison with parallel bodies in provinces and territories and internationally as appropriate.

ii  R4.1, etc. correspond to Recommendation 4.1, etc. in our report.
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A relatively recent development has been the growth in numbers of “contribution agreements” whereby the
Government of Canada channels research funds through or directly into external entities (e.g., Genome
Canada or Mitacs). We did not review specific entities in detail, but believe more rigorous reviews should
be undertaken before agreements are renewed. The Panel therefore recommends (R5.8) that NACRI be
mandated not only to review proposals to create new third-party delivery organizations, but also to guide
the periodic review processes for all existing third-party organizations, and advise as to the continuation

or modification of their contribution agreements. As well, the Panel applauds the success of these entities
in leveraging research funds, but recommends careful oversight of the implications of placing matching
requirements on the funding of independent research (R5.9).

A more interconnected intramural research realm is important both for sound policy formulation and
for collaboration with extramural researchers. The Panel accordingly recommends (R4.5) that the Privy
Council Office, working with departmental officials and the newly appointed CSA, examine mechanisms
to achieve improved whole-of-government coordination and collaboration for intramural research and
evidence-based policy-making.

As well, many informants recommended that the federal government should manage its investments in

Big Science in a more coordinated manner. The Panel agrees. We recommend (R4.7) that the CSA convene
a Special Standing Committee on Major Research Facilities (MRFs), chaired by an eminent scientist. This
body would provide advice on the life cycle of federally supported MRFs, extending from a peer-reviewed
decision to initiate an MRE through budgeting, planning, and construction, then periodic reviews

of effectiveness, and finally a decommissioning plan. Our report offers advice on the structure of the
committee, its intersection with NACRI, and a tentative list of major science initiatives (MSIs) that might
be considered to fall into the MRF category. This expert group would also improve decision-making about
Canada’s participation in global science initiatives, such as major astronomical telescopes.

Strong FPT collaboration is essential if Canada is to compete internationally. The Panel learned that
interactions among the relevant officials and ministers are sporadic. Among the issues that seem likely to
benefit from enhanced dialogue are matching requirements, human resource planning for research and
innovation, and the institutional costs of research.!i! We accordingly recommend (R4.8) that the CSA, with
advice from NACRI, take the lead in promoting a shared agenda on matters of national concern. Ongoing
interactions and annual in-person meetings should be established to strengthen collaborative research
relationships among FPT departments with major intramural or extramural research commitments.

This is a special year for Canada. In that spirit, we recommend (R4.9) that the Government of Canada
propose and initiate planning for a First Ministers’ Conference on Research Excellence in 2017, both
celebrating and cementing a shared commitment to global leadership in science and scholarly inquiry as
part of Canada’s sesquicentennial celebrations.

4.2 The Four Agencies: Strengthened Core, Better Coordination

The granting councils and CFI have made a vital contribution to Canadian science and scholarly

inquiry. However, while assorted self-commissioned evaluations have occurred, the Panel could not find
any broad external review of the federal agencies and research ecosystem since the 1970s. It is perhaps
unsurprising that the Panel heard and read concerns about coordination, governance, strategy, budgeting,
and programming. For example, while there is some apparent congruence in the conceptual basis of the
Discovery (NSERC), Insight (SSHRC), and Foundation (CIHR) programs, success rates, funding levels,
and peer review practices have all diverged across those programs to a degree that is hard to explain based
on disciplinary differences alone.

iii This latter group of costs is sometimes (inaccurately) termed “indirect costs”; we believe, however, that the term, “facilities and
administration costs” (F&A costs), better captures the direct financial impact of these activities.
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There have been encouraging but piecemeal efforts to improve coordination, promote collaboration, and
share best practices. However, the inconsistent governance of the agencies means that these have been
highly dependent on the preferences of agency presidents. To improve this situation, the Ministers of
Science and Health should (R4.10) mandate the formation of a formal coordinating board for the four
agencies, chaired by the CSA, with membership including agency heads, department ofhicials, and external
experts. Reporting to the Ministers of Science and Health, the new Four Agency Coordinating Board
would expeditiously determine and implement avenues for harmonization, collaboration, and coordination
of programs, peer review procedures, and administration. In the event that the CSA and NACRI determine
that progress on a shared agenda is unduly slow, the Board’s composition would be revised and its authority
extended such that its decisions would be binding for coordination of the agencies.

The Panel identified several areas that require the early attention of the new Board and the four agencies.
Elimination of mandatory retirement has led to an aging of the professoriate, and is likely to constrain
opportunities for early career researchers (ECRs) over the next decade. We also observed that the prospects
for ECRs vary across the three granting councils, not only creating a demographic deficit, but also
impeding the progress of women and other underrepresented groups that are more prevalent in the next
generation, e.g., Indigenous people, those with disabilities, and members of racialized groups. Peer review
practices vary, the program landscape is cluttered, and inefficiencies were identified by researchers in the
organization and administration of grant competitions.

We accordingly recommend (R5.2) that the Government of Canada direct the new Coordinating Board to
develop and harmonize funding strategies across the agencies, using a lifecycle approach that balances the
needs and prospects of researchers at different stages of their careers. The four agencies should examine best
practices in supporting ECRs, augment their support of ECRs at consistent levels across disciplines, and
track and report publicly on the outcomes (R5.6).The Board should (R5.3) also create a mechanism for
harmonization as well as continuous oversight and improvement of peer review practices across the three
councils and CFI, starting with a common set of guiding principles or values for peer review.

A further priority should be (R5.4) the development of consistent and coordinated policies to achieve
better equity and diversity outcomes in the allocation of research funding while sustaining excellence as
the key decision-making criterion. On this latter point, given experience with unaddressed gender bias
in allocation of both Canada Research Chairs (CRCs) and Canada Excellence Research Chairs (CERCs),
the federal ministers responsible should consider hard equity targets and quotas where inexplicable
discrepancies persist (R5.5).

Approximately 1.5 million Canadians have Indigenous roots, but the participation of this community in
science and scholarly inquiry continues to be limited. As a small nation, Canada cannot compete globally
in any realm without strong participation by all communities. The three granting councils should (R5.7)
accordingly collaborate in developing a comprehensive strategic plan to promote and provide long-term
support for Indigenous research, with the goal of enhancing research and training by and with Indigenous
researchers and communities. The plan should be guided by the Truth and Reconciliation Commission’s
recommendations on research as a key resource.

The Panel also examined the legislative history, governance, and mandates of each of the four agencies.
CFI functions as an independent non-profit with the president accountable to a corporate board, and
the entire operation subject to a contribution agreement. If CFI moves from intermittent contributions
to a regularized A-base budget, as recommended below, its governance will need to be revised. NSERC,
SSHRC, and CIHR are all departmental corporations with advisory councils. Whereas SSHRC and
NSERC have skeletal legislated mandates, the CIHR Act embodies an expansive and detailed mandate.
Accountabilities for the tri-council presidents are less than clear.
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The Government of Canada should (R4.11) undertake a comprehensive review to modernize and,
where possible, harmonize the legislation for the four agencies that support extramural research. The
review would clarify accountabilities and selection processes for agency councils and presidents, promote
good governance and exemplary peer review practices, and give priority to inter-agency collaboration
and coordination. On this last point, the goal must be to strengthen linkages between agencies, and

not to thicken the walls of silos. Initiation of the Four Agency Coordinating Board should precede any
legislative review.

Last, the Panel considered the thorny issue of allocation of funds across the three granting councils. We
found no logical consistency to the current allocations but it is clear that all three councils are currently
underfunded. CIHR’s expansive mandate is not appropriately supported; its budget is sharply lower

on a per capita basis than the counterpart U.S. National Institutes of Health, even taking into account
the standard differences in funding models between U.S. and Canadian agencies. NSERC has a larger
weighting of innovation-facing or priority-driven programming. While it does have much higher approval
rates than the other councils for its flagship Discovery program, funding constraints above all have held
the average size of those grants at a seriously suboptimal level for 15 years. Despite claims that funds are
allocated on a 40-40-20 basis across the councils, SSHRC’s share has been under 15 per cent for three
decades. It has the largest constituency of faculty-level researchers, but over half of its funding goes to
graduate awards. Its share of tri-council funding is likely to fall owing to its minimal participation in the
large-scale Canada First Research Excellence Fund (CFREF) launched in 2015.

The Panel sees a period of reinvestment as the right moment for NACRI to review the allocation of new
funds across the granting councils and recommend changes as appropriate (R5.1). Particular attention
should be paid to evidence that the structures of tri-council programs have adversely affected the funding
opportunities for scholars in the social sciences and humanities.

4.3 Strategic Clarity and a Multi-year Plan for Renewal

The Panel’s overall conclusion is that independent science and scholarly inquiry have been underfunded
for much of the last decade, as the federal government has concentrated resources on innovation-facing
and priority-driven programs. In reaching that conclusion we considered the small and declining share

of HERD attributable to the federal government; Canada’s anomalous dependence on institutional
subsidies to carry the extramural research enterprise; and our declining research performance on multiple
measures, as compared not just with traditional powerhouses, but with smaller nations such as Australia
and the Netherlands. We weighed temporal trends in per researcher funding, the demographics of the
research community, Canada’s density of full-time researchers and senior research trainees, and, not least,
the distressingly low success rates (CIHR) and persistently low funding levels (NSERC, SSHRC) in the
granting competitions that support independent research. We have no doubt that a major boost to funding
for the ecosystem is urgently needed, with shortfalls affecting research operating grants, personnel awards,
reimbursement of the institutional costs of research, and operations and maintenance of specific types

of facilities.

4.3.1 Direct Project Funding: Research Operating Grants

The Panel’s single most important recommendation (R6.1) is that the federal government should rapidly
increase its investment in independent investigator-led research to redress the imbalance caused by differential
investments favouring priority-driven targeted research over the past decade. The recommended investment

is $485 million, phased in over four years, directed to funding investigator-led research. This is an increase

of about 30 per cent on the $1.66 billion envelope currently committed to direct project funding for both
priority-driven and investigator-led research. This would move the balance of funding within this envelope a
meaningful distance back towards the 70:30 ratio in favour of investigator-led research that prevailed in the
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early 2000s. The lion’s share of this amount, $405 million a year, would be devoted to the granting councils’
core “open” competition programs. While the remainder would support investigator-led projects, it would
be channelled to promote the emergence of a more vibrant research ecosystem by encouraging international
collaborations, multidisciplinary work, high-risk ventures, and projects requiring rapid response. These are
examined, in turn, below.

The Panel also examined the configuration of two priority-driven programs that, while constrained in key
respects, provide operating funds to coalitions of frontline researchers. Each aims to create critical mass
in a different way. The “classic” element ($62 million per year) of the Networks of Centres of Excellence
(NCE) suite of programs draws together researchers from multiple institutions. It imposes requirements
for knowledge translation and commercialization that preclude or limit the creation of national networks
of independent researchers, especially those working in basic research and, to some extent, in the social
sciences and humanities more generally. CFREF is a newer program that aims to promote institutional
specialization; some limited inter-institutional networks emerged in the second round of funding, but its
strategic intent is one of local critical mass rather than national capacity. The concentration of funds is
significant, approximating $200 million per year flowing into a limited number of centres for research in
specific areas aligned with the previous government’s science and technology priorities.

The Panel sees these two strategies as complementary over time, but recommends refinements in one

case, and a mid-course evaluation for the other. In particular, the Government of Canada should (R6.2)
direct the new Four Agency Coordinating Board to amend the terms of the NCE program so as to
include the fostering of collaborative multi-centre strength in basic research in all disciplines. This would
mean, inter alia, removing requirements for knowledge “exchange and exploitation” and expectations of
funding self-sufficiency for some competitions. For CFREE the Panel recommends (R6.3) that an interim
evaluation be undertaken before the third wave of awards is made. The CSA and NACRI should be

engaged in the design of the review.

There are also four areas where operating grants are being made on an ad hoc basis. The Panel believes that
these areas require a more systemic and coordinated approach, supported by earmarked funding.

First, international collaborations have become the norm in research. A stronger mechanism is needed for
funding smaller- and mid-scale collaborative projects so that Canadian agencies and researchers can be
more effective partners and participants in global science and inquiry (R6.4).

Second, multidisciplinary research continues to grow in prevalence and importance. The councils have

taken steps to support some joint initiatives, but the Panel believes that more must be done—not only
to welcome and fairly review multidisciplinary proposals, but also to ensure that individuals working in
convergent fields (e.g., health law, medical anthropology, design) are not orphaned (R6.5).

Third, the councils should (R6.6) develop a coordinated strategy for adjudicating and supporting high-risk,
high-reward (HR?) research. Other jurisdictions have successful HR? programming from which Canada
should learn.

Fourth and finally, crises and urgent issues may occasionally require rapid responses by the research
community. These needs have been accommodated in an ad hoc fashion in recent years, but a more formal
process involving the CSA would be appropriate today (R6.7).

The required funds for these four areas can arguably be aggregated in one or two contingency pools. Given
extant funding pressures and challenges in the governance and oversight of the councils, we recommend
that a portion of the base increase of $485 million be earmarked for these purposes, starting at $20 million
in base funding in the first year, and rising progressively to a steady-state of $80 million per year over four
years, with early priority given to strengthening international collaboration.
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4.3.2 Infrastructure

CFI confers distinct strategic advantages on Canadian research by depoliticizing research infrastructure
decision-making. It functions as a core agency, but is governed by contribution agreements with a separate
non-profit corporate structure because it originally received and held unspent year-end funds. The federal
government terminated that funding model, and CFI has since been funded by large and intermittent one-
time-only allocations that it deploys over some years. The resulting saw-tooth pattern of funding impedes
planning and coordination. Continued A-base funding would be budget neutral.¥ The Panel recommends
(R6.8) that the Government of Canada shift CFI to a stable annual budget scaled at minimum to its
recent annual capital commitment (currently around $300 million per year). This shift would likely require
governance changes, covered as part of the four agency review recommended above (R4.11).

The need for further growth in CFI’s capital fund should be monitored. However, the Panel observes that
the relevant sectors have benefitted both from the Knowledge Infrastructure Fund (2009-2011) and the
ongoing Post-Secondary Institutions Strategic Investment Fund (2016-2018).

CFT’s institutional operating and maintenance (O&M) outlays are provided through its Infrastructure
Operating Fund and scaled to recent capital awards. These one-time allocations serve more as a pool of
funds in support of start-up costs than as a continuing offset of the institutional costs of research. We
address those liabilities below.

As contrasted with the one-time O&M support to institutions, CFI since 2010 has provided ongoing
funding to a number of MSIs. The MSI funding mirrors CFI’s capital ratio (40:60) for matching of eligible
O&M costs. A number of national-scale MSIs are struggling to meet this matching requirement. We have
recommended (R4.7 above) additional oversight for these MRFs with a view to averting future problems,
but these national facilities are unfortunately at immediate risk. We therefore recommend (R6.10) that

the federal government mandate and fund CFI to increase its share of the matching ratio for national-scale
MRFs from 40 to 60 per cent. The annual cost of doing so is estimated at $35 million.

One other element of infrastructure that drew our attention relates to the digital research realm. There are
many players active here, and an effort is underway to develop a coordinated plan through the Leadership
Council on Digital Infrastructure. The two cornerstone organizations receiving federal funding are
Compute Canada and CANARIE. We recommend (R6.9) that the Government of Canada merge these
organizations and provide the new entity with consolidated long-term funding and a mandate to lead in
refining and implementing a national digital research infrastructure (DRI) strategy.

4.3.3 Personnel
Support for Doctoral Students and Postdoctoral Fellows.

Doctoral students and postdoctoral trainees or fellows (hereafter PDFs) are integrally involved in the
majority of postsecondary research in Canada. The recommended increase in support for independent
investigator-led funding will enhance stipendiary support and enrich the training environment for graduate
students and PDFs across the ecosystem. However, while these and other sources of support (institutional,
provincial, industrial, and charitable) underwrite most of the relevant salaries and awards, we estimate that
over 6,000 doctoral students and 1,400 PDFs across Canada hold direct federal awards at any time. These
awards set a bar for funding and quality.

The number of core graduate awards (Canada Graduate Scholarships) has not increased since 2007 despite
major increases in graduate enrolments. In addition, the value of graduate awards has not changed since

iv. CFI does not currently have continuing A-base funding, but the Department of Finance makes provision for its ongoing
expenditures. As we are recommending that CFI spending on capital continue at recent activity levels, this reccommendation is
budget neutral.
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2003, and PDF awards levels are similarly lagging, not least in comparison to U.S. rates. There is also a
puzzling mix of council-specific and tri-council awards, with variation in value, duration, and international
portability. The complexity was augmented in 2008 and 2010 with the addition of smaller numbers of
more remunerative awards to doctoral students (Vanier) and PDFs (Banting), respectively. These are flexible
as regards recruitment of international students or international placements for domestic students, but
their numbers are small. A clear strategy is needed to increase the recruitment of top-flight international
graduate students and PDFs, and to ensure that more domestic students and trainees have opportunities to
learn from international exposure to leading scientists and scholars.

We recommend (R7.1) that the Four Agency Coordinating Board be directed to oversee a tri-council
process to reinvigorate and harmonize scholarship and PDF fellowship programs, and rationalize and
optimize the use of current awards to attract international talent. While strict uniformity may be neither
feasible nor desirable, more consistent and, in many cases, more generous levels of support (value and
duration) are needed. We undertook benchmarking to estimate the financial implications of harmonizing,
upgrading, and bringing strategic focus to the system of graduate student and PDF supports. As a result
of these analyses, we recommend that a total base increase of $140 million per year be phased in over four
years, in equal increments of $35 million per year.

Research Chairs for Excellent Scholars and Scientists

The major sources of federal funding for researcher salary support are the CRC and CERC programs.
Launched in 2000, the CRC program aimed “to attract and retain some of the world’s most accomplished and
promising minds” by creating 2,000 research professorships across Canada. Chairs are allocated to institutions
based on shares of competitive grant funding received from the three councils. Tier 1 Chairs, valued at
$200,000 per year, are intended for researchers recognized as world leaders in their fields and renewable on
seven-year terms. Tier 2 Chairs, valued at $100,000 per year, target exceptional emerging researchers, and can
be renewed once with a five-year term. The value of these awards has not changed for 17 years.

The CERC program was established in 2008 to “support Canadian universities in their efforts to build

on Canada’s growing reputation as a global leader in research and innovation.” It awards world-renowned
researchers and their teams up to $10 million over seven years to establish ambitious research programs at
Canadian universities. The 27 CERCs awarded to date are non-renewable and require 1:1 matching funds
from the host institution. All CERCs have been recruited from abroad. All, until the most recent round,
have been constrained to the government’s STEM-related priorities, restricting their availability for scholars
and scientists from the SSHRC-supported disciplines.

A 2016 evaluation of the CRC program observed that a rising number of chairholders originated from
within the host institution, with a further 14.4 per cent recruited from other Canadian institutions. For the
2010-2014 period, international recruits accounted for only 13 per cent and 15 per cent of new Tier 1 and 2
nominees, respectively, whereas in 2005-2009, the averages were 32 per cent and 31 per cent, respectively.

Due to turnover and delays in filling Chair positions, approximately 10 to 15 per cent of Chairs are
unoccupied at any one time. As a result, the CRC program’s budget was cut by $35 million in 2012. This
predictably drove numbers down further, with an all-time low of only 1,612 Chair positions (80.6 per cent
of the original plan) filled as of December 2016.

This flagship program is vitally important to Canada and requires major renewal. We recommend (R7.2)

a three-stage process. First, funding of the overall program should be restored to 2012 levels (a $35 million
base commitment), but only after the granting councils and Chair Secretariat produce an approved plan for
(i) allocating the new Chairs asymmetrically in favour of Tier 2 awards to help ECRs, and (ii) improving
logistics in managing numbers and reducing delays in awarding Chairs so as to improve the uptake of
available funds.
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Second, the granting councils should be directed to cap the number of renewals of Tier 1 Chairs, and
develop a plan in concert with universities and CFI to reinvigorate international recruitment and retention.

Third, once that plan is reviewed by NACRI and approved by the government, the value of the CRCs
should be adjusted to account for their loss in value due to inflation since 2000 (estimated cost of
$105 million). Staged over two to three years, the total cost is approximately $140 million.

The disciplinary distribution of CRC awards should be re-examined pari passu with the review
recommended in R5.1. Closer scrutiny of internal nominations is needed to ensure that they reflect proven
retention priorities. We also support setting specific targets for international recruitment, as recommended
by the recent CRC evaluation.

Last, the Panel heard many concerns about the relative value of the CERC awards, and the uncertain
sustainability of programs that focus such substantial resources around a single international recruit. The
Panel acknowledges the quality of the CERCs who currently hold these awards, and the need for high-
value awards to attract the brightest and best from around the world. However, the extant evaluations are
not adequate. A detailed review of the relative cost-benefit of the CERC versus CRC programs should be
undertaken in 2017 to determine where the investments should be directed for the greatest impact.

If the renewal of the CRC program is not sufficient in itself to improve international recruitment, then
specific modifications of the program to that end may be a more sustainable strategy than the CERCs
currently are likely to provide.

4.3.4 Facilities and Operations

The CFI Infrastructure Operating Fund (IOF) provides a one-time payment equivalent to 12 per cent of
the total capital. This treatment contrasts with the partial funding of ongoing operating costs as is provided
for MSIs. The large shortfall in coverage of the institutional costs of research means that these funds are

not always available to individual researchers and teams that rely on small-scale equipment, leading to a
productivity drain. The Government of Canada should (R6.11) accordingly mandate and fund CFI to
meet the special operating needs of individual researchers with small capital awards. We benchmarked this
need and estimated that approximately $30 million per year earmarked for the relevant awardees would
ensure continuity of operations. To facilitate rapid implementation of this recommendation, this amount
should be offset against recommended increases to the Research Support Fund (RSF) to render it costless to
the federal government.

The much larger issue is strengthening the overall institutional fabric of Canadian research. All
postsecondary research depends upon maintaining common-use equipment; meeting regulatory standards;
regularly upgrading institutional computer services; keeping libraries stocked; cleaning, lighting, and
heating laboratories and research space; and administering grant awards. Additional costs relate to funding
the protection of intellectual property and the commercialization of technologies arising from the research.
Two programs (CRCs and CFREF) allow the research grants themselves to cover a limited number of these
charges. For the vast majority of research operating grants, no budget lines for F&A costs are allowed,

and a separate program, the RSE instead offers partial reimbursement. The current reimbursement level
averages 21.6 per cent of eligible direct operating costs of grants and is formulaic and arbitrary. In contrast,
the F&A reimbursement range for U.S. institutions is based on actual audited costs, and typically runs
from approximately 40 to 60 per cent. Canadian institutions that have submitted detailed F&A expenses
to U.S. funders are reimbursed at an average of 49.3 per cent. As a further example within Canada, the
Government of Quebec has a sophisticated system of provincial research grants, and provides 60 per cent
coverage for “heavy” or lourde research disciplines (e.g., medicine, engineering, chemistry) and 45 per cent
for “light” or /égére disciplines (e.g., history, psychology, communications).
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Institutions of higher learning are absorbing these F&A costs by using tuition dollars and provincial grants
that should be dedicated to their teaching and learning mission. Greater success in winning federal research
funding leads to more intense budgetary pressure on the teaching and learning mission—a counter-
productive arrangement.

The federal government’s underfunding of F&A costs can also be linked to complaints that the Panel heard
from researchers about the challenges in keeping equipment in top operating shape, and their frustration
with obtaining adequate assistance for administration of research grants. Moreover, to be effective

partners in innovation, universities must engage in knowledge translation, manage intellectual property,
and partner with for-profit and non-profit enterprises. Without comparable levels of F&A funding,
Canadian institutions will never be able to compete successfully with the technology transfer record of
U.S. universities.

A further concern is that the RSF formula operates on a reverse income tax model that sees smaller
institutions paid first at rates of between 40 to 80 per cent with the remainder of the funds distributed

by equal proportion to institutions receiving more than $7 million a year in research funding. This helps
small institutions cope with higher F&A costs due to diseconomies of scale. Concerns about the formula
therefore focus on the fact that larger institutions are perversely penalized for success. However, the decline
in reimbursement is actually fastest for smaller universities in a growth phase between $7 million and

$30 million. The current RSF accordingly penalizes the “gazelle” institutions where research activities grow
fastest in future.

The federal government currently pays about $369 million per year through the RSF on eligible grants
totalling $1.708 billion (21.6 per cent). To take the current rate to 30 per cent would add approximately
$143 million to the tri-council base. The corresponding numbers for 35 per cent and 40 per cent are
$229 million and $314 million.

The Government of Canada should take immediate steps to reduce this accumulated and growing liability
and to obtain a proper return on its research investments. Given the size of the shortfall and the priority
that must be given to new operating grants for independent research, a staged approach would be needed
to improve F&A reimbursement rates across both existing and new RSF-eligible grants. The recommended
target (R7.3) is a reimbursement rate of 40 per cent for all institutions with more than $7 million per

year of eligible funding. Current thresholds should be maintained to enable additional support for smaller
institutions. As the size of the envelope of RSF-eligible operating grants grows, the funding of the RSF
should be increased in lock-step to sustain the reimbursement rate of F&A costs on a trajectory towards
this 40 per cent goal.

As the program moves to more adequate levels of reimbursement, closer oversight and reporting will

be required. Phased growth in reimbursement rates has the advantage of offering time for the granting
councils, CFI, and RSF Secretariat to work with universities and research institutes on mechanisms that
ensure full transparency for the use of these funds, with priority given to expenditures that improve the
daily productivity and ongoing success of Canadian scientists and scholars.

Last, the federal government’s RSF strategy represents rational leverage. Federal grants are eagerly sought
and welcomed by researchers; institutions, provinces, benefactors, and fee-paying university students have
continued for decades to subsidize the federal research efforts. However, while this has allowed the federal
government to sustain a leadership role based on fractional funding in an area of shared jurisdiction, it
has also adversely affected the funding of the teaching and learning mission of the nation’s universities,
and constrained the quality of the research environment for our scholars and scientists. We applaud
federal leadership as essential but believe that, at 23 per cent of overall HERD spending, the Government
of Canada’s fractional funding has fallen to unsustainable levels. Failure to act on this issue, in concert
with improvements in direct funding of operating grants, will also, for reasons given, sharply worsen the
situation. In brief, augmenting F&A reimbursement rates is an essential part of our plan.

O
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5. Conclusion

We conclude that the recent erosion of Canada’s research competitiveness is linked to changes in federal
funding for extramural research that have both constrained funding per researcher, and directed funding
preferentially to priority-driven and partnership-oriented research. The situation has been exacerbated

by a policy shift in favour of new programs that focus resources on a limited number of individuals and
institutions, without commensurate reinvestment to lift frontline research more broadly or sustain the
value of existing programming. While Canada’s HERD ratio is high, federal sources account for less than
25 per cent of total HERD, and we are now an outlier among nations in the extent to which institutions
underwrite the costs of research.

These challenges have been exacerbated by suboptimal coordination and collaboration among the four pillar
agencies. The variations in governance, administrative practices, and funding priorities within and across
agencies cannot be explained by disciplinary differences or by the needs of the relevant research communities.

We have accordingly recommended substantial improvements in governance, oversight, and advice. These
include creation, by legislation, of an independent National Advisory Council on Research and Innovation.
NACRI in tandem with Canada’s new CSA would advise on evaluations for all programming in both

the research and innovation spheres, including proposals for new agreements with external entities and
renewals of extant agreements. An external expert group should be convened by the CSA to improve the
oversight of national-scale MSIs. The Panel has also recommended wide-ranging improvements to oversight
and governance of the four agencies, including the appointment of a Four Agency Coordinating Board
chaired by the CSA. The Board would play a key role in driving a number of priorities identified in the
report, targeting the effectiveness, accountability, efficiency, and equity of various elements of the system.

Concurrent with these changes to governance and improvements to accountability, major reinvestments are
urgently required. We envisage a four-year phase-in involving base increases averaging 9 per cent each year.
Many of the specific increases are contingent on approval of plans to ensure efficient use of new funds. New
spending would be balanced across:

* investigator-led research operating grants (the highest priority);
* enhanced personnel supports for researchers and trainees at different career stages;

* targeted spending on infrastructure-related start-up (small equipment) and operating costs (Big Science
facilities); and

* enhancement of the environment for science and scholarship by improved coverage of the institutional
costs of research.

The cumulative base increase would move annual spending in steady-state across the four agencies and
related entities from approximately $3.5 billion to $4.8 billion. The steady-state increase in base by the end
of four years amounts to 0.4 per cent of the Government of Canada’s annual budget. This commitment
would both affirm renewed federal leadership and greatly strengthen the foundations of Canadian research.
Given global competition, the role of research in underpinning innovation and educating innovators, the
need for evidence to inform policy-making, and the current unsettled conditions in the research ecosystem,
the Panel firmly believes that this commitment is also among the very highest-yield investments in Canada’s
future that any government could make.



LIST OF RECOMMENDATIONS

This list of recommendations is drawn directly from the text of the report. The first number refers to the
chapter in which the recommendation appears, and the second to the order of appearance within that
chapter. We caution again that recommendations should be reviewed and interpreted in context. Every
recommendation is accompanied by a rationale in the body of the report. In most cases, additional text
follows the recommendation to elaborate on it. Hence, to facilitate rapid reference to the context and
elaboration, the title of each recommendation is an active link to the page of the report on which the
recommendation appears.

Recommendation 1.1

Consistent with the recommendation by the Advisory Council on Economic Growth, the Government
of Canada should undertake a wide-ranging and multi-departmental review of innovation-related
programming, including both direct and indirect supports for business research and development.

Recommendation 4.1

The Government of Canada, by an Act of Parliament, should create a new National Advisory Council
on Research and Innovation (NACRI) to provide broad oversight of the federal research and
innovation ecosystems.

Recommendation 4.2
The Science, Technology and Innovation Council should be wound down as NACRI is established.

Recommendation 4.3

NACRI should have 12 to 15 members, appointed through Orders in Council, comprising
distinguished scientists and scholars from a range of disciplines as well as seasoned innovators with
strong leadership and public service records from the business realm and civil society. Domestic
members should be drawn from across Canada and reflect the nation’s diversity and regions.

Recommendation 4.4

An external member should hold the Chair of NACRI with the CSA serving as Vice Chair. NACRI
should be supported by a dedicated secretariat working within the larger expert team supporting
the CSA.

Recommendation 4.5

The Privy Council Office, working with departmental officials and the newly appointed CSA, should
examine mechanisms to achieve improved whole-of-government coordination and collaboration for
intramural research and evidence-based policy-making.
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Recommendation 4.6

As a council of senior volunteers with a broad mandate of national importance, NACRI should have
a publicly acknowledged working connection to the Prime Minister/PMO, parallel to that established
for the CSA. NACRI should report to and interact most directly with both the Minister of Science

and the Minister responsible for Innovation and Economic Development. It should also have open
channels of communication with the Minister of Health and other ministers of key departments
involved in intramural and extramural research.

Recommendation 4.7

A Special Standing Committee on Major Research Facilities should be convened by the CSA and
report regularly to NACRI. The committee would advise NACRI and the Government of Canada on
coordination and oversight for the life cycle of federally supported MRFs.

Recommendation 4.8

Ongoing interactions and annual in-person meetings should be established to strengthen
collaborative research relationships among federal, provincial, and territorial departments with
major intramural or extramural research commitments. The CSA, with advice from NACRI, should
take the lead in promoting a shared agenda on matters of national concern, such as human resource
planning to strengthen research and innovation across Canada.

Recommendation 4.9

The Government of Canada should propose and initiate planning for a First Ministers” Conference on
Research Excellence in 2017. The conference would celebrate and cement a shared commitment to
global leadership in science and scholarly inquiry as part of Canada’s sesquicentennial celebrations.

Recommendation 4.10

The Ministers of Science and Health should mandate the formation of a formal coordinating

board for CFl, CIHR, SSHRC, and NSERC, chaired by the CSA. The membership of the new Four
Agency Coordinating Board would include the four agency heads, departmental officials, and
external experts. Reporting to the Ministers of Science and Health, the Coordinating Board would
expeditiously determine and implement avenues for harmonization, collaboration, and coordination
of programs, peer review procedures, and administration.

Recommendation 4.11

The Government of Canada should undertake a comprehensive review to modernize and, where
possible, harmonize the legislation for the four agencies that support extramural research. The
review would clarify accountabilities and selection processes for agency governing bodies and
presidents, promote good governance and exemplary peer review practices, and give priority to
inter-agency collaboration and coordination.

Recommendation 5.1

NACRI should be asked to review the current allocation of funding across the granting councils. It
should recommend changes that would allow the Government of Canada to maximize the ability
of researchers across disciplines to carry out world-leading research. Particular attention should be
paid to evidence that ongoing program changes have adversely affected the funding opportunities
for scholars in the social sciences and humanities.
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Recommendation 5.2

The Government of Canada should direct the new Four Agency Coordinating Board to develop and
harmonize funding strategies across the agencies, using a lifecycle approach that balances the
needs and prospects of researchers at different stages of their careers.

Recommendation 5.3

The new Four Agency Coordinating Board should create a mechanism for harmonization as well as
continuous oversight and improvement of peer review practices across the three councils and CFI.

Recommendation 5.4

The Four Agency Coordinating Board should develop consistent and coordinated policies to
achieve better equity and diversity outcomes in the allocation of research funding while sustaining
excellence as the key decision-making criterion. This priority intersects efforts to improve peer
review practices and requires a multipronged approach.

Recommendation 5.5

The federal ministers responsible should consider hard equity targets and quotas where persistent
and unacceptable disparities exist, and agencies and institutions are clearly not meeting reasonable
objectives.

Recommendation 5.6

The four agencies should examine best practices in supporting early career researchers, augment
their support of them consistently across disciplines, and track and report publicly on the outcomes.

Recommendation 5.7

The three granting councils should collaborate in developing a comprehensive strategic plan

to promote and provide long-term support for Indigenous research, with the goal of enhancing
research and training by and with Indigenous researchers and communities. The plan should be
guided by the Truth and Reconciliation Commission’s recommendations on research as a key
resource.

Recommendation 5.8

NACRI should be mandated not only to review proposals to create new third-party delivery
organizations, but also to assess ongoing activities of all existing third-party organizations that
receive federal support. It should guide their formal periodic review processes and advise the
Government of Canada on the continuation, modification, or termination of their contribution
agreements.

Recommendation 5.9

When the intent is to support independent research, requirements for matching funds should be
used sparingly and in a coordinated and targeted manner. In general, matching requirements should
be limited to those situations where the co-funder derives a tangible benefit.
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Recommendation 6.1

The Government of Canada should rapidly increase its investment in independent investigator-
led research to redress the imbalance caused by differential investments favouring priority-driven
research over the past decade.

Recommendation 6.2

The Government of Canada should direct the Four Agency Coordinating Board to amend the terms
of the NCE program so as to include the fostering of collaborative multi-centre strength in basic
research in all disciplines.

Recommendation 6.3

The Government of Canada should direct the granting councils to undertake an interim evaluation
of the CFREF program before the third wave of awards is made. The CSA and NACRI should be
engaged in the design of the review. The results would guide a decision on whether to launch or
defer the program’s third round, but not impede the fulfilment of existing commitments.

Recommendation 6.4

The Government of Canada should mandate the Four Agency Coordinating Board to develop
multi-agency strategies to support international research collaborations and modify existing funding
programs so as to strengthen international partnerships.

Recommendation 6.5

The Government of Canada should mandate the Four Agency Coordinating Board to develop
strategies to encourage, facilitate, evaluate, and support multidisciplinary research.

Recommendation 6.6

The Government of Canada should mandate the granting councils to encourage and better support
high-risk research with the potential for high impact.

Recommendation 6.7

The Government of Canada should mandate the granting councils to arrive at a joint mechanism to
ensure that funds and rapid review mechanisms are available for response to fast-breaking issues.

Recommendation 6.8

The Government of Canada should provide CFl with a stable annual budget scaled at minimum to
its recent annual outlays.

Recommendation 6.9

The Government of Canada should consolidate the organizations that provide digital research
infrastructure, starting with a merger of Compute Canada and CANARIE. It should provide the new
organization with long-term funding and a mandate to lead in developing a national DRI strategy.

Recommendation 6.10

The Government of Canada should mandate and fund CFI to increase its share of the matching ratio
for national-scale major research facilities from 40 to 60 per cent.



List of Recommendations  XXix

O

Recommendation 6.11
The Government of Canada should mandate and fund CFl to meet the special operating needs of
individual researchers with small capital awards.

Recommendation 7.1

The Government of Canada should direct the Four Agency Coordinating Board to oversee a tri-
council process to reinvigorate and harmonize scholarship and fellowship programs, and rationalize
and optimize the use of current awards to attract international talent.

Recommendation 7.2
The Government of Canada should renew the CRC program on a strategic basis in three stages:

1. Restore funding to 2012 levels, upon development of a plan by the granting councils and
Chairs Secretariat to allocate the new Chairs asymmetrically in favour of Tier 2 Chairs, and
increase the uptake of available funds through improved logistics in managing numbers and
reduced delays in awarding Chairs;

2. Direct the granting councils to cap the number of renewals of Tier 1 Chairs and, in concert
with universities and CFl, develop a plan to reinvigorate international recruitment and
retention, for review by NACRI and approval by the government; and

3. On approval of that plan, adjust the value of the CRCs to account for their loss in value due to
inflation since 2000.

Recommendation 7.3

The Government of Canada should gradually increase funding to the RSF until the reimbursement
rate is 40 per cent for all institutions with more than $7 million per year of eligible funding. Current
thresholds should be maintained to enable additional support for smaller institutions. As the size of
the envelope of RSF-eligible operating grants grows, the funding of the RSF should be increased in
lock-step to sustain the reimbursement rate of F&A costs on a trajectory towards this 40 per cent goal.






CHAPTER 1

PANEL MANDATE, SCOPE
OF REVIEW, AND PRINCIPLES

1.1 Panel Mandate and Modus Operandi

1.1.1 Mandate

The Advisory Panel for the Review of Federal Support for Fundamental Science (the Panel) was formally
launched on June 13, 2016 by the federal Minister of Science, Dr Kirsty Duncan. The Minister
summarized the Government’s motivation as follows:

The Government is committed to supporting research excellence in Canada. In the face of increasing
global competition, there is a need to take stock of the steps required to preserve Canada’s world-
class standing. This review will help ensure that federal support for research is strategic and effective
and that it delivers maximum benefits to the research community and the Canadians whose lives are
enriched by its discoveries.!

The Government’s framing of the Panel’s mandate highlights that the focus is on what is commonly
termed the “extramural research” landscape, i.e., science and scholarly inquiry led by researchers working
in universities, research hospitals, and other institutes (an overview of the key funding organizations can
be found in Appendix 1). This research activity by individuals not in the employ of any government is
distinct from what is commonly termed “intramural research” carried out in government facilities by
public servants.! The Panel’s mandate excluded research carried out within government departments or
the National Research Council (NRC), except insofar as collaboration between intramural and extramural
researchers was seen to be mutually advantageous.

Our mandate was summarized in two broad questions:

1. Are there any overall program gaps in Canada’s fundamental research funding ecosystem that need to
be addressed?

2. Are there elements or programming features in other countries that could provide a useful example for the
Government of Canada in addressing these gaps?

These two questions have recurred through the deliberations and consultations undertaken by the Panel and
shaped the research and analyses done for the Panel by the secretariat and others (see Acknowledgments).

We are aware of two possible effects of the framing of these questions. First, the focus on gaps could be
taken as mandating an incremental approach in which structural changes or serious reforms are never in
play. While we have been moderate in the scope of changes proposed, members of the research community
can rest assured that larger reforms were indeed considered, as will be explained in due course.

i In2015-16, the federal government spent $5.34 billion on intramural scientific research and regulation-related scientific
activities.
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Second, the focus on gaps creates the risk of an unduly critical portrait of Canada’s research funding
ecosystem. As discussed later in the chapter, this system has achieved a strong record of supporting
internationally competitive science and scholarship over what is, by global standards, a short period of time.
Furthermore, the Panel has enjoyed good cooperation from the four pillar algenciesii with which this review
is most centrally concerned: the Natural Sciences and Engineering Research Council (NSERC), the Social
Sciences and Humanities Research Council (SSHRC), the Canadian Institutes of Health Research (CIHR),
and the Canada Foundation for Innovation (CFI). We commend the creativity and commitment of those
who work in these and other organizations that are part of the wider federal system that supports research,
development, and innovation. Indeed, many of the issues we raise in this report, and the gaps we describe,
were identified by senior staff of the agencies themselves, or by officials in government departments—most
notably Innovation, Science and Economic Development (ISED) and Health Canada.

Exhibit 1.1 shows the more specific questions put to the Panel by Minister Duncan. The current report
addresses all these questions pari passu, and more directly in its final chapter.

1.1.2 Consultations
Along with seeking responses to these questions, the Minister indicated the following:

The panel will be expected to consult widely with the research community and to solicit input from
relevant stakeholders—including universities, colleges and polytechnics,i research hospitals, research
institutes, industry, civil society—and the general public representing the diversity of views from
across Canada. Those consultations and submissions may lead the panel to raise additional questions
and offer additional advice to the Government. Such input will be welcomed.?

Consistent with this guidance, the Panel consulted widely and, as expected, received substantial input that
has led us to offer additional advice. This input was solicited over the course of more than three months
through an online portal. The Panel and secretariat sent out numerous general and specific invitations

to respond. In soliciting this feedback, the Panel referred both to the broad questions that framed our
mandate and the more specific questions per Exhibit 1.1. We received 1,275 written submissions from
scores of organizations, hundreds of individual researchers, and members of the general public. Submissions
are summarized in more detail in Appendix 2. The Panel remains very grateful for the extraordinary
engagement of the research community in this process.

To allow for face-to-face interchanges between subsets of Panel members and representatives of the research
community, the Panel organized a series of roundtable sessions. Twelve separate sessions were held in
Toronto, Montreal, Calgary, Ottawa, and Halifax. Sessions bridged career stages, e.g., graduate students
and postdoctoral trainees, early and mid-career researchers, and individuals who have held or currently
hold major research leadership positions. We specifically convened leaders of major science infrastructure
facilities, researchers active across a wide range of disciplines, and scholars with a particular interest in
equity and diversity issues, as well as those engaged in research involving Indigenous people. In all, almost
230 researchers participated in these face-to-face meetings (see Appendix 2 for attendees).

Commentary received online and at the roundtables tended to track our mandate and focus on gaps and
opportunities to improve the workings of different research agencies and programs. However, we were left
in no doubt about the gratitude of researchers for the public funds they receive to support their work, and
the value they place on the work of the four agencies above and related research funding bodies.

ii  We use the term “agencies” throughout this report to refer collectively to the three granting councils (NSERC, SSHRC, and
CIHR) and CFI.

iii Both Colleges and Institutes Canada and Polytechnics Canada advised us that their input would focus on the Innovation
Consultation. We did receive thoughtful submissions from both associations and from individual community colleges and
polytechnics regarding the College and Community Innovation Program under NSERC'’s aegis. Although that program was
outside our mandate, we return to their concerns briefly in Chapter 4.
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Exhibit 1.1: Detailed Questions for the Advisory Panel on Fundamental Science

Funding of fundamental research

The central question regarding the effectiveness and
impact of the granting councils in supporting excellence
in fundamental research is whether their approach,
governance and operations have kept pace with an ever-
changing domestic and global research landscape. Key
questions for the review:

1. Are granting councils optimally structured and
aligned to meet the needs of the current research
community in Canada? Are the current programs the
most effective means of delivering the objectives
of these organizations? And are they keeping pace
internationally? The review should take into account
the several reviews and evaluations that were
performed in recent years on the councils and on
science and scholarly inquiry in Canada.

2. Are students, trainees and emerging researchers,
including those from diverse backgrounds, facing
unique barriers within the current system and, if so,
what can be done to address those barriers?

3. Is there an appropriate balance between funding
elements across the research system, i.e., between
elements involving people and other direct research
costs, operating costs, infrastructure and indirect
costs? What are best practices for assessing and
adjusting balances over time?

4. Are existing review processes rigorous, fair and
effective in supporting excellence across all
disciplines? Are they rigorous, fair and effective in
supporting riskier research and proposals in novel
or emerging research areas or multidisciplinary/
multinational areas?

5. Are granting council programs and structures
sufficiently flexible to reflect and accommodate the

growing internationalization of research? Are granting

council programs and structures accommodating the

full range of research areas; multidisciplinary research;

and new approaches ranging from traditional
knowledge, including indigenous research, to more
open, collaborative forms of research? If not, what
steps could be taken?

Funding of facilitieslequipment

1.

1.

Is the Canada Foundation for Innovation optimally
structured to meet the needs of the current research
community in Canada? What are the strengths and
weaknesses of the current model in delivering the
objectives of this organization, including its ability to
work complementarily with the granting councils?
What is the appropriate federal role in supporting
infrastructure operating costs and how effective are
current mechanisms in fulfilling that role?

What are best practices (internationally/
domestically) for supporting big science (including,
inter alia, international facilities and international
collaboration)?

Many requests for government support for research
are not tied to the cycles of the four major research
agencies, but they have economic or competitive
relevance nationally or regionally, or major non-
governmental financial support, or implications

for Canada's international standing as an active
participant in big science projects or major multi-
institutional projects. How can we ensure that the
Government has access to the best advice about
funding these types of projects in the future?

Funding of platform technologies

What types of criteria and considerations should
inform decisions regarding whether the Government
should create a separate funding mechanism for
emerging platform technologies and research areas
of broad strategic interest and societal application?
Are there any technologies that would appear to
meet such criteria in the immediate term? When there
is a rationale for separate funding, how to ensure
alignment of funding approaches?

Today's emerging platform technology may rapidly
become a standard tool used tomorrow by a wide
variety of researchers. If such technologies are initially
given stand-alone support via a dedicated program or
agency, what factors should inform decisions on when
it would be appropriate to “mainstream” such funding
back into the granting councils?
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1.1.3 Guiding Questions

For the organization of the report itself, it was tempting to use the specific questions (per Exhibit 1.1) as

a template. However, the Panel concluded that these questions were best answered within an overall logic
model for the report. That logic model can be summarized simply, starting with this chapter, which asks:
What was our mandate and how did we interpret it?

A series of further questions then define the report’s chapters. In order:
* Why does science and scholarship matter as Canada enters its sesquicentennial year (Chapter 2)?

* How, in general, does Canada measure up in research, considering inputs such as funding levels, outputs
such as publications and citations, and cornerstone elements such as talent development and recruitment

(Chapter 3)?

We then turn to a series of analyses aimed at pinpointing gaps and opportunities for improvements.
These analyses are informed by some guiding principles outlined below. The four chapters with their
various recommendations unfold in stages as follows:

» What changes are needed in system-level governance oversight and advice and agency-specific
governance (Chapter 4)?

* What are the cross-cutting or broad issues facing all four pillar agencies and what should be done about

them (Chapter 5)?

* What are the identifiable gaps specific to funding programs, and how can they be addressed? The
breadth of programming is such that two distinct chapters were required to cover the relevant issues
(Chapters 6 and 7). Chapter 7 includes a costing of our recommendations, with a four-year phased plan
for implementation.

The last chapter (Chapter 8), as already noted, takes the specific questions in our mandate, cross-references
each one to the relevant sections of the report, and briefly recapitulates the pertinent answers and
recommendations. It also reflects on prospects for the Canadian research ecosystem and our expectations
for positive change from these recommendations and the associated investments.

1.2 Scope of the Panel’s Review
1.2.1 Full Range of Disciplines

Among the early challenges for the Panel were misinterpretation of its moniker and the related scope of

its work. The term “fundamental science” originated with federal Budget 2016, which announced the
Government of Canada’s intent to undertake a review.? Alignment of terminology followed. Some members
of the anglophone research community were understandably concerned that the Panel’s mandate excluded
applied science in a range of fields, as well as the social sciences and humanities. Francophone researchers,
accustomed to les sciences sociales et humaines, were more sanguine.

Minister Duncan, whose own scholarship cuts across the natural sciences, social sciences, and humanities,
made it clear from the outset that the Panel was to examine the full range of scientific and scholarly
disciplines. The Panel’s secretariat and members similarly emphasized the breadth of our review. We were
accordingly delighted to receive submissions from many researchers and organizations representative of
disciplines supported by the three granting councils, others doing transdisciplinary research who sometimes
find themselves in limbo, and others again frustrated that the lack of collaboration across the councils has
effectively shut out their disciplines altogether.

A residual source of some confusion was the term “fundamental”, which is used infrequently in the social
sciences and humanities even though much scholarship in those fields is arguably basic or conceptual.
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The Panel again took a pragmatic view. Our mandate was derived in meaningful measure from concerns
that Canada’s capacity for generation of exciting new knowledge had been eroded. We therefore assumed
our remit ranged from basic science focused on making major discoveries to applied science with important
technological implications, and from deep philosophical inquiry to rigorous economic evaluations of
policies and programs.

The Panel emphasizes in this latter regard that societies without great science and scholarship across a wide
range of disciplines are impoverished in multiple dimensions. From the social sciences and humanities,
contributions range from deeper understanding of the complexity of human nature and social structures
to grace in self-expression and excellence and beauty in the creative and performing arts. From the natural
and health sciences and engineering, while attention often focuses on practical applications, basic research
provides the breakthrough insights that fundamentally change our understanding of the natural world and
our cosmos. We return to this subject in Chapter 2.

The Panel also observes that these categorizations are all focused on research subject matter, when in fact
the subject that really matters may be the person doing the research. Postsecondary education enriched by
exposure to basic research provides citizens with an outlook and intellectual tools that are extraordinarily
well-suited to technological and social innovation. Indeed, countless authors of abstract graduate theses
have gone on to lives of deep and productive engagement with practical problems, bringing with them
perspectives that reflect an inquiring and critical mind.

In brief, the Panel’s primary interest is in the extramural research realm, and particularly in supports for
research into topics chosen by scholars and scientists from the full range of disciplines, using methods that
they have developed or adapted, and subject to review by research colleagues. This research may be basic

or applied. It may be project-based or programmatic. And it may have early application or no immediate
relevance. However, a key criterion is that the work is sufficiently excellent to withstand critical scrutiny by
peers, and produces knowledge that, after appropriate review, can be shared widely to advance the collective
store of knowledge and ideas in the relevant field or fields.

1.2.2. Programmatic Scope—and a First Recommendation

Exhibit 1.2! shows the potential scope of the review in schematic form. What is apparent is a sharp
differentiation in scale and remit of the entities shown. Despite CFI’s structure and multi-year one-
time-only allocations, it clearly belongs with the three granting councils in terms of budget and breadth.
Together the four pillar agencies cut across all disciplines, touch all parts of the nation, and account for
well over $3 billion per year in total spending, of which some $2.7 billion was in scope for the review,
exclusive of administrative costs at the council level. Other than CFI, the remaining entities funded
through contribution agreements varied in size from $3 million per year (Council of Canadian Academies,
CCA) to $63 million per year (Genome Canada), with a total outlay of $146 million per year. The Panel
was apprised that the status of these agreements ranged from recent five-year extensions to imminent
review. We had neither the specialized expertise nor the time to review each of these smaller entities, but
fortunately, that was not the expectation. Instead, the questions in our mandate (reflected under “Funding
of Facilities/Equipment”, no. 3, and “Funding of Platform Technologies”, nos. 1 and 2) had to do with
how such reviews might be conducted and guided in the years ahead. In contrast, as Exhibit 1.1 makes
clear, the Panel was asked to look much more closely at the four pillar agencies, and has done so.

iv This exhibit highlights the elements of federal government extramural science and research spending that are part
of our review and those that are excluded. As many programs have both basic and applied research components, an
estimate was made of the relevant proportions and applied to the appropriate categories. Given space limitations, a
number of programs are grouped together under general headings. Accordingly, several of the numbers here cannot be
compared to those in other parts of the report.
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We turn finally to exclusions and our mandate as regards support for what Zuckerman and Trend in the
1960s called “operational applied research” and “development”,* or what in modern parlance might be
called innovation programming. The exclusions within the tri-council realm are shown in Exhibit 1.2, and
account for some $507 million per year in spending. Additional federal government support for business
research, development, and innovation is provided by a much larger set of programs not only within ISED
but also across many other government departments (see Appendix 3).

Exhibit 1.2: Canada’s Science and Innovation Ecosystem

Science Review Innovation Linked
NSERC ($470) SSHRC ($169)  CIHR ($691) NSERC ($284)
Grants and grﬁnlts al:d e Foundation Grants o Strategy for Partnerships and Innovation
Scholarships cholarships o Project Grants
* Discovery * Talent » Fellowship Program CIHR ($99)
o o Insight N * Knowledge transfer and Strategy for
Talent ) * Initiatives Patient-Oriented Research
* Research Tools  Connection (Institute-
and Instruments driven, SSHRC ($36)
Sl * Knowledge transfer
and 9
Signature)

Tri-council Programs

Tri-council Programs e College and Community Innovation

® Research Support Fund ($341) Program ($46)

e Canada Research Chairs ($265) o Centres of Excellence for

 Canada First Research Excellence Fund ($50)? Commercialization and Research ($30)

e Canada Graduate Scholarships ($132) * Business-led Networks of Centres of

o Networks of Centres of Excellence ($65) Excellence ($12)

* Canada Excellence Research Chairs ($35) J
* Vanier Scholarships & Banting Fellowships ($35) \
Science Contribution Agreements Not in

o CFI ($396) * Genome Canada ($63) Science Review
* Brain Canada ($17) o Mitacs (Accelerate, Globalink, Elevate) ($19)

o CANARIE ($15) * Institute for Quantum Computing ($5)

e Perimeter Institute for Theoretical Physics ($10)
o Stem Cell Network ($6)

o Canadian Institute for Advanced Research ($5)
e Council of Canadian Academies ($3)

Note: Amounts reflect annual expenditures for 2015-16 (in millions of dollars) with the exception of Stem Cell Network, as funding starts in
2016-17, and the figures for CFl and Genome Canada are recent average annual expenditures. Please see this chapter's Annex for further
details and explanatory notes for individual programs and expenditures.

2 Full funding of $200 million per year will be achieved in 2018-19.

Innovation has become a buzzword with varied definitions and many categorizations. One popular
definition provided by the CCA in its 2009 report is commendably brief but very broad: Innovation

is “new or better ways of doing valued things.”> The Conference Board of Canada in contrast defines
innovation with greater specificity: viz. “the process through which economic and social value is extracted
from knowledge through the generation, development and implementation of ideas to produce new or
improved strategies, capabilities, products, services or processes.”® The key differentiating feature in both
cases seems to be that the focus is not on generation of new knowledge but on use or application of existing
knowledge, be it through commercialization, social innovation, or uptake into public policy.
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At the time of our review, two parallel initiatives by the Government of Canada were considering the
interconnected realms of innovation and economic development. One, under the auspices of ISED Minister
Navdeep Bains, was a wide-ranging consultation to understand the concerns of social and business innovators
across Canada.” The other, under the auspices of Finance Minister Bill Morneau, was focused on delineating
strategies to accelerate economic growth.® The latter review has been carried out by volunteers on an Advisory
Council on Economic Growth (commonly known as the “Growth Council”) chaired by Mr Dominic
Barton, global managing partner of McKinsey & Company. This Panel’s mandate accordingly excluded
federal programming that primarily targets commercialization and industry-facing or social innovation.

We have respected those exclusions with three caveats.

First, some research programming—for example, the Networks of Centres of Excellence (NCEs)—is
multi-modal, insofar as it seeks to bridge generation and translation or uptake of research insights. We
have excluded the Business-led NCEs and included the others in our overview. Other programs, as shown
in Exhibit 1.2, were also categorized as representing a blend, e.g., SSHRC’s Connection, Partnership, and
Partnership Development Grants.

Second, no review of this nature can be undertaken without examining the extent to which federal support
in recent years has migrated away from independent research, and been directed instead to industry-facing
programs that purport to promote innovation and economic growth. The effects of the resulting redirection
of grant-seeking behaviour were highlighted in multiple submissions and conversations with researchers.
Those effects, including their impact on the overall availability of resources for research, will be considered
and reported here.

Third, as noted eatlier, the reviews cited above do not bring the researcher’s perspective to a consideration
of the overall intent, architecture, and outcomes of Canada’s innovation programming. We have therefore
briefly assessed some features of the innovation machinery, and, with the concurrence of the Science
Minister, have framed the following recommendation in collaboration with the Growth Council.

Recommendation 1.1

Consistent with the recommendation by the Advisory Council on Economic Growth, the
Government of Canada should undertake a wide-ranging and multi-departmental review of
innovation-related programming, including both direct and indirect supports for business
research and development.

The Panel believes that the review must be careful to include not only programs under tri-council aegis
that have been excluded from our review, but also those subject to external contribution agreements,
such as Mitacs and the innovation programming inside Genome Canada. If a new Chief Science Advisor
(see Chapter 4 for more discussion) has been appointed by the time of the review, he/she may be a useful
contributor to assessments involving entities with a mixed mandate of supporting independent research
and research responsive to the missions of social or business enterprises.

Before we look ahead to the principles that guided our review, it may be helpful to look back briefly at the
evolution of the four federal pillar agencies.

1.3 A Short History: The Pillars of Federal Research Funding

In comparison with many peer nations in the Organisation for Economic Co-operation and Development
(OECD), Canada’s system of federal supports for intramural and extramural research is a relatively recent
creation. Its scientific and scholarly traditions have therefore developed over decades rather than centuries.
Indeed, the research funding agencies that are best known to Canadians all emerged in the post-war period

(see Exhibit 1.3).
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Exhibit 1.3: Milestones in the Evolution of the Canadian Research Ecosystem

Year/Period Development

1916

National Research Council (NRC) is created to undertake industrial and scientific research. No real progress is
made until after the First World War.

1919

Parliamentary Special Committee is appointed to consider “the Development in Canada of Scientific
Research”, chaired by Hume Cronyn. It recommends making scientific research a national priority and
outlines mandates for NRC: weights and measures, national science advice, funding of university research to
create human resources for future development, and in-house research on industrial problems.

1920s

NRC develops slowly in the face of opposition from intramural researchers in government departments and
ambivalence on the part of universities. Attempts to create national laboratories are blocked in 1921 and
1924. Ottawa laboratory complex is approved in 1928 and completed in 1932.

1930s

NRC seeks to relocate/annex research laboratories/programs from government departments, with
minimal success.

1939-1945

Massive expansion of NRC occurs on multiple sites for military and strategic research purposes during the
Second World War.

1951

Massey Commission recommends improvement of science advisory functions, together with better
coordination of intramural and extramural research, and the creation of the Canada Council to support
the arts, humanities, and social sciences. It warns against structural conflict of interest with NRC funding
extramural research while competing with universities in the same fields.

1952-1962

NRC sidesteps Massey Commission cautions. It augments in-house basic research activity and grows
extramural funding for university research on the watch of Dr. E.R. Steacie as president.

1950s

Government of Canada seeks with mixed results to directly engage and fund large companies to undertake
research-intensive projects—including the famed Avro Arrow (Canada CF-105 jet fighter airplane).

1957

Canada Council for the Arts is established and it begins grant-making operations.

1960

Medical research funding is spun out from NRC into a new and independent Medical Research Council of
Canada (MRC). MRC is founded to support medical schools and fundamental biomedical research.

1963

Glassco Commission notes absence of oversight and coordination of science and research and recommends
creation of a new National Science Advisory Council. Commission also criticizes NRC's emphasis on basic
research and judges it largely ineffective at promoting industrial research.

1964-1971

Science secretariat is established within the Privy Council Office. It is responsive to Cabinet/government
issues but does not have an oversight role. Its director is upgraded in 1968 to be principal science advisor
to Cabinet.

1966-1992

Science Council of Canada is established as an arm’s length Crown corporation with mix of representatives
from government departments, industry, and academe. First major report argues that “a major failing

in Canadian science has been the performance of too much basic research remote from the training

of new scientists and the performance of too much applied research far from the point of innovation.”

It commissions the Macdonald review of federal support for research in Canadian universities, rejects

its 1969 recommendation for new grant-making bodies for extramural research, and waters down its
recommendation of coverage of indirect costs of research (estimated at approximately 35 cents per dollar of
direct research support).

1960s

Government reduces reliance on contracting with industry and intensifies other incentives to industry.
Multiple programs are initiated to promote industrial R&D, ranging from sector-specific to generic (e.g., tax
credits, grants from NRC to universities for industry-facing research centres, creation of industrial research
institutes at universities by the Department of Industry).

1967-1973

Over the course of more than five years, the Senate Special Committee on Science Policy chaired by Senator
Maurice Lamontagne undertakes an exhaustive review of the history, administration, organization, funding,
and comparative performance of Canada'’s research enterprises. First report is issued in 1970.

1971-1986

Ministry of State for Science and Technology is created. It has 13 ministers between 1971 and 1986.
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Exhibit 1.3: Milestones in the Evolution of the Canadian Research Ecosystem (continued)

Year/Period Development

1972-1973 Final two reports of the Lamontagne Committee lay the foundations for restructuring both NRC and the
Canada Council, embracing the Macdonald report for the Science Council, and endorsing creation of a social
sciences and humanities research foundation and a physical sciences and engineering research foundation.
They also recommend broadening MRC's mandate to include all life sciences, and creating a formal Canada
Research Board to oversee and strengthen coordination of the three granting councils.

1978 Legislation establishing the Social Sciences and Humanities Research Council (SSHRC) and the Natural
Sciences and Engineering Research Council (NSERC) comes into force.

1987-1996 National Advisory Board on Science and Technology (NABST) provides advice to the Prime Minister on
national science and technology goals and policies and their application to the Canadian economy.

1990-1993 Minister for Science is named.

1993-2003 Secretaries of State (Science, Research and Development) are named.

1994 A science and technology review is announced to investigate how federal investment in science and

technology can best create economic growth and jobs within the context of sustainable development, while
enhancing the quality of life and advancing knowledge.

1996-2008 Advisory Council on Science and Technology (ACST) provides the Prime Minister, through the Minister of
Industry, with non-partisan advice on national science and technology (S&T) goals and policies and their
application to the Canadian economy.

1997 Canada Foundation for Innovation (CFl) is established, responding to recommendations for formal research
infrastructure support dating back four decades.

1998-2008 Council of Science and Technology Advisors (CSTA) is created to provide the government, through Cabinet,
with external advice on the management of federal S&T by examining issues common across science-based
departments and agencies. Canadian Biotechnology Advisory Committee (CBAC) is created to provide
expert advice on the ethical, social, regulatory, economic, scientific, environmental, and health aspects of

biotechnology.

1999 Genome Canada is funded as a not-for-profit organization to advance genomics research and transform
knowledge to enhance the impact of genomics.

2000 Canada Institutes of Health Research Act is passed, embodying a major broadening of MRC's mandate and
interweaving of health research with healthcare, innovation, and commercialization.

2003-2008 National Science Advisor (NSA) is created, offering advice to the Prime Minister and operating out of the
Privy Council Office.

2003-2008 Minister of Industry is responsible for S&T files.

2005 Council of Canadian Academies (CCA) is created as an independent, not-for-profit organization providing

evidence-based expert assessments to inform public policy development.

2007 Science, Technology and Innovation Council (STIC) is created as an external committee to provide integrated,
confidential advice on science, technology, and innovation policy issues to the Minister (Industry). STIC
replaces ACST, CSTA, CBAC, and NSA.

2008-2015 Ministers of State (Science and Technology) are named.
2015 Minister of Science is named.
2016 Federal government launches search for a Chief Science Advisor (CSA), who will provide scientific advice to

the Prime Minister, Minister of Science, and members of Cabinet.
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Extramural grants for basic and applied research in natural and health sciences and engineering were made
to university researchers under the aegis of NRC at an increased rate starting from the 1920s. However,
the Medical Research Council (MRC) and NSERC were not spun out of NRC until 1960 and 1978
respectively. Scholar-initiated research in the social sciences and humanities was orphaned for decades.
University-based researchers in those fields did receive extramural grants from the Canada Council after its
creation in 1957, but its focus was primarily on the performing and creative arts, including literature. A
separate SSHRC was accordingly created at the same time as NSERC in 1978. Although the need for an
infrastructure agency had been acknowledged since the 1960s, CFI was not created until 1997. Moreover,
it was not until 2000 that MRC was given a mandate to cover the full spectrum of health research and
transformed into CIHR.

This report is not the place in which to detail the evolution of the research ecosystem in Canada. However,
we would make two immediate observations based on our understanding of this short history.

First, individual councils, organizations, and programs have, of course, been reviewed on a cyclical basis.
Most of those reviews, however, were organized by the councils and agencies themselves and, so far as we
can ascertain, there has been no multidimensional review of this nature since the Lamontagne Committee
tabled its report in 1973.% It is hard to imagine another developed nation that would allow more than

40 years to pass before undertaking an integrated and integrative review of functions that have such
clear-cut national importance and involve billions of dollars each year. This unfortunate vacuum may
explain why the landscape we have been exploring embodies and supports tremendous professionalism
and accomplishment, but also features a proliferation of small agencies and one-off investments in research
facilities and programs. Moreover, notwithstanding some fine collaboration on varied fronts, many
examples of inconsistencies and poor coordination are clearly visible across the four pillar agencies.

These issues, to which we return in the body of the report, should be seen less as problems, and more as
low-hanging fruit—opportunities for rapid improvement and greater achievements in the years ahead.

Second, given the comparative youthfulness of Canadian science and scholarship, our national record is
impressive. However, other young nations are excelling, established powers in science and scholarship show
lictle sign of flagging, and China has leapt ahead in a dramatic fashion over the last decade. The scope of
investments in research being made worldwide underscores the fact that the success of modern societies—
their economic prosperity, creativity, and social coherence—is seen to be increasingly dependent on the
application of insights from the physical and life sciences, social sciences, and humanities. Canada must
therefore raise its game or fall behind.

1.4 Some Guiding Principles

In taking stock of the health of the Canadian extramural research ecosystem and the four pillar agencies
that support it, the Panel has kept in mind a set of principles. Our thoughts in this regard have been shaped
by our review of research systems in nations with strong performance, by our interchanges with some

200 researchers of different career stages and interests, and by the 1,200+ submissions received by the Panel.

World-leading and Globally-collaborative:

Canada is a comparatively wealthy country, with traditions of political stability, pluralism, and sustained
prosperity. Our system of supports for science and scholarship should therefore be guided by aspirations to
be truly excellent across a wide range of disciplines and to be a world leader in a select number of fields that
are deemed strategically vital to Canada’s future or represent comparative advantages owing to geography,
natural resources, or demographics. Given our relatively small population and the intensifying global
competition, this is not achievable unless Canada’s levels of investment in independent research are among
the highest per capita in the world.
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Those investments must include support for Canadian participation in global research at all levels from
major science initiatives* (MSIs) to small team grants, with related response capacity and reciprocal
agreements across research agencies. Those agreements, in turn, will require that Canadian competitions
be opened up to recognize and support greater numbers of international collaborators. With science
and scholarship more globalized than ever before, Canada cannot be a global leader with a parochial or
protectionist approach to research funding.

Meritocratic:

For Canadian research to be globally recognized as outstanding, the domestic processes of adjudication
must be rigorous, drawing as appropriate on international peer review. In this regard, for all its limitations,
review by peers with relevant expertise and experience remains the best means of judging the merit of
research proposals. These reviews must not only be conducted fairly, but be seen to be fair and supportive
of truly excellent proposals. In the applied research realm, reviews will inevitably have overlays of relevance
and partnership/network building. In general, however, the cornerstone of adjudication should be the
quality of the research question and methods in scientific and scholarly terms. Whatever the criteria,

peer review sometimes becomes risk averse. In thriving research ecosystems, members of the research
community must have opportunities to pursue lines of investigation that are high risk but high reward.

Independent yet Accountable:

The strongest systems are characterized by a high degree of independence to avoid politicization of
research. Funding agencies, however, are also held clearly accountable for the integrity of their processes
and for successful outcomes. We envisage the federal government committing to sustained investment

in extramural research based on international benchmarking, and receiving in turn ongoing third-party
assessments that measure performance against agreed targets. Those targets should reflect desired domestic
impacts and aspirations for globally competitive excellence, with high-impact insights and breakthroughs.
They should also take stock of whether those involved in management/governance are fostering a vibrant,
equitable, and productive research environment.

Coordinated:

Whether through consolidation or other bridging and oversight structures, strong coordination across
agencies, programs, and jurisdictions is vital to every successful research funding system. It should lead

to enhanced administrative efficiency, better accommodation of inter- and multidisciplinary research,

and seamless coverage so that no sub-disciplines fall through the cracks. Coordination and oversight
mechanisms are particularly important to manage the life cycle of MSIs that have vital regional or national
roles. For MSIs, and research supports more generally, there is a pressing need to coordinate research
supports across federal, provincial, and territorial governments.

Balanced:

Balance is needed in relative allocations to programming constrained by pre-determined topics or objectives,
as opposed to inquiry that is variously described as unfettered, investigator-led, or researcher-defined. Global
experience shows that every successful research ecosystem involves meaningful amounts of co-creation of

v The Panel adopts the term “major science initiatives” (MSI) from CFI, which defines these as major research facilities serving
“communities of researchers from across the country and internationally”. In Chapters 4 and 6, the Panel distinguishes between
MSIs that meet CFI’s basic criteria and those that, by virtue of scale and complexity and/or cost, track more closely to CFI’s
definition of a “national research facility”, i.e., one that “requires resource commitments well beyond the capacity of any one
institution” and “is specifically identified or recognized as serving pan-Canadian needs and its governance and management
structures reflect this mandate.” We call these “major research facilities” (MRF) to make it clear that facilities proposed for
inclusion are based on the Panel’s initial assessment.

O
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knowledge with communities, industry, or other partners. However, no extramural research ecosystem
can thrive unless it starts from a strong foundation in basic research cutting across all disciplines, and is
oriented first and foremost to path-breaking discoveries or highly original insights.

Moreover, as in nature, ecosystems depend on a multidimensional balance. Funds are finite, and allocations
must be carefully balanced in many ways, e.g.:

* across capital, research operating costs, and personnel support for trainees and researchers at different
career stages;

* across fields and disciplines, including funding agencies;

* between targeted multi-million dollar investments in institutions and individuals, and programs of
much smaller grants to larger numbers of frontline researchers;

* between direct supports to people and projects, and facilities and administration costs (sometimes called
indirect costs);

* between MSIs and networks, and support for individuals and smaller teams;

* between theme-based programs of a multi- or transdisciplinary nature and funds dedicated to
supporting deep disciplinary dives; and

* between mainstream research and high-risk endeavours.

Responsive:

The best funding ecosystems maintain capacity to accommodate shifts in the currents of science and
scholarship, to respond nimbly to crises, and to drive forward with strategic priorities as needed. Those
working within them are at liberty to form productive partnerships with the citizenry, communities,
civil society, industry, and governments to pursue applied or even basic research. Such partnerships may
involve the co-creation of knowledge, and accelerate the translation of knowledge and amplify its impact
in exciting ways.

Talent-focused:

Research talent has never been more mobile or in higher demand. The development and retention of
outstanding students, trainees, and young researchers must be at the top of any priority list for the national
research enterprise. Similarly, with a relatively small population but many other advantages, Canada must
redouble its efforts to attract top-tier talent from around the world.

Diverse and Equitable:

Scientific and scholarly merit must be the foundation for any allocation of scarce research dollars. That
said, merit and equity alike are compromised if success rates fall too low or vary radically across disciplines.
Moreover, so long as standards are upheld, the goals of excellence, equity, and diversity are mutually
reinforcing. Many research funding agencies abroad accordingly have special competitions or allocations
for young scholars and scientists, pay close attention to gender balance and diversity more generally, and
engage in careful capacity building to put underrepresented groups on a footing that brings them into
the full competitive fold. As noted above, the development of talent is critical, and Canada’s population
is small. We handcuff ourselves in international competitions and collaborations if our research funding
ecosystem fails to capitalize on the talents and energies of large segments of our population—whether

it be women who make up more than 50 per cent of our citizenry or the 1.5 million Canadians with
Indigenous roots.
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Efficient:

Efficient research funding systems limit waste. They constrain overhead costs, align the flow of funds for
research equipment and operations, and maintain high standards in granting funds to applicants while
avoiding punitively low success rates. The Panel believes that the principle of simplicity should govern all
programs and competitions to avoid wasting the scarcest non-renewable resources of some of Canada’s
brightest people: the waking and working hours of our scientists and scholars.

Outward-facing:

Great research ecosystems support public outreach including, as noted above, efforts to engage citizens in
research. They recognize that conveying the excitement of science and scholarship to wide audiences, not
least to children and youth, is essential to inspiring ensuing generations of research leaders. That activity
will also be integral to the transition that Canada must undergo if it aspires to become the world’s smartest
and most successful society.

1.5 Seizing the Leadership Moment

As highlighted above, Canada’s credible research showing to date reflects our substantial advantages

in natural, financial, and human resources. Those advantages create a moral imperative for Canada to
contribute to the global stock of scientific knowledge and scholarly insights, to be part of unlocking

the mysteries of human and non-human nature and deepening our understanding of cultures and
communities, and, more generally, to help address the
serious challenges confronting our species as a whole.
When billions live in circumstances vastly less favourable
than ours, Canada cannot excuse middling contributions

The federal review of fundamental research
provides a tremendous opportunity to develop
a bold and ambitious strategy for Canada.

By recognizing our assets and leveraging

our current strengths, Canada can bolster its
capacity for global leadership and excellence in
a wide range of research fields. To achieve this

with self-congratulatory memes that we punch above
our weight on a population-adjusted basis. For that
matter, many less wealthy nations are now rapidly
expanding their research capacity, while many of our

vision, we must invest in and mobilize Canada's
people and ideas. An innovative, inclusive and
prosperous Canada depends on a dynamic and
excellent research ecosystem.

OECD peers are investing heavily in both research and
innovation. In this context of accelerating change and
intensifying competition, the Panel believes that a world-
leading extramural research enterprise is essential to the
maintenance of Canada as a successful society and a
prosperous sovereign nation.

— Universities Canada

We have therefore approached our work with a sense of urgency occasioned by more than the necessarily
short timeline accompanying our mandate. We have been inspired by the excellence of Canadian research
and the enthusiasm and engagement of the scholars and scientists with whom we have met. Those
colleagues have also conveyed to us some of the challenges they face in their daily work. We have been
dismayed to discover how often similar challenges are highlighted in a variety of commissioned reports
extending back over more than 50 years, and how many opportunities for improvement have been missed
in the intervening decades owing to shifting political and economic tides, and those chronic Canadian
afflictions—Ilack of confidence and limited ambition. Now is the time to recover lost ground and seize the
moment. We firmly believe that Canada must aspire to be a world leader in a select number of disciplines,
and a consistent contender across the board. The Panel is also convinced that the national research
enterprise is at a pivotal point where it can make enormous strides if the Government of Canada responds
to our recommendations with imagination, courage, resolve, and dispatch.

O
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Annex: Further Details and Explanatory Notes for Exhibit 1.2

Further Details and Explanatory Notes

SCIENCE REVIEW

GRANTING COUNCILS (core programming delivered directly) — Program operating costs not included

NSERC ($470M) Includes Discovery Grants suite of programs ($360M), scholarships and fellowships
($76M) that are not industrial, Research Tools and Instruments ($26M), and others.
SSHRC ($169M) Includes the Insight stream ($94M), the Talent stream ($36M), and estimates for

programs (Partnership and Partnership Development Grants in particular) that
fund both fundamental research and knowledge transfer activities.

CIHR ($692M)

Includes Foundation and Project Grants, scholarships and fellowships ($550M), as
well as Institute-driven, Signature, and Strategic Initiatives ($140M).

TRI-COUNCIL — Program operating costs

included

Research Support Fund ($341M)

Funding for each institution is determined based on the grant funding received by
researchers at the institution.

Canada Research Chairs ($265M)

Chairs are allocated to institutions based on the grant funding received by
researchers, with program-wide regular allocations set at 45 per cent NSERC,
35 per cent CIHR, and 20 per cent SSHRC.

Canada First Research Excellence Fund
($50M)

Full funding of $200M per year will be achieved in 2018-19, with variable profiles
for each project funded. In 2015-16, the distribution by granting council was
NSERC — $31M, CIHR — $16M, and SSHRC — $2M.

Canada Graduate Scholarships ($132M)

There are granting council-specific allocations of CGS awards at the master’s and
doctoral levels. Current allocations among the granting councils are 52 per cent
SSHRC, 32 per cent NSERC, and 16 per cent CIHR.

Networks of Centres of Excellence ($65M)

The Networks of Centres of Excellence program is a suite of programs that
includes the "classic” NCEs, and other initiatives such as the Knowledge
Mobilization Initiative. Networks receive funding from each of the granting
councils based on the disciplinary activities of the networks. Program-wide, in
2015-16 the distribution was NSERC — $33M, SSHRC — $9M, and CIHR - $22M.

Canada Excellence Research Chairs ($35M)

Chairs are awarded to institutions based on a competitive process. In 2015-16 the
distribution by granting council was: NSERC — $25M, CIHR — $10M. Funding can
lapse due to turnover of Chairs.

Vanier Scholarships ($25M)

Scholarships are distributed equally between the three granting councils.

Banting Fellowships ($10M)

Fellowships are distributed equally between the three granting councils.

SCIENCE CONTRIBUTION AGREEMENTS

Canada Foundation for Innovation ($396M)

Annual expenditures vary from year to year. Average annual expenditures, in
2006-07 to 2015-16, were $396M.

Brain Canada ($17M)

Estimate based on assumption that half of Brain Canada’s expenditures are linked
to federal support.

Perimeter Institute for Theoretical Physics
($10M)

Current contribution agreement provides for expenditures of $10M per year.

Stem Cell Network ($6M)

Funding of $6M per year begins in 2016-17.

Canadian Institute for Advanced Research
($5M)

Current contribution agreement spans 2012-13 to 2016-17.

Council of Canadian Academies ($3M)

Current contribution agreement spans 2015-16 to 2019-20.

O
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Further Details and Explanatory Notes

INNOVATION LINKED
GRANTING COUNCILS - Program operating costs not included

O

NSERC ($284M) Includes programs under NSERC's Strategy for Partnerships and Innovation.

SSHRC ($36M) Includes the Connection theme ($7M) and estimates for programs (Partnership
and Partnership Development Grants in particular) that fund both fundamental
research and knowledge transfer activities.

CIHR ($99M) Includes programs with knowledge transfer and partner orientation including the
Strategy for Patient-Oriented Research ($48M), the Collaborative Health Research
Projects ($10M) program, the Proof of Principle program ($6M), and others.

TRI-COUNCIL — Program operating costs included

College and Community Innovation The College and Community Innovation Program supports applied research at

Program ($46M) colleges and polytechnics.

Centres of Excellence for Commercialization | Centres receive funding from each granting council based on network activities.

and Research ($30M) Program-wide, in 2015-16 the granting council distribution was NSERC — $9M,
SSHRC — $7M, and CIHR — $11M.

Business-Led Networks of Centres of Centres receive funding from each granting council based on network activities.

Excellence ($12M) Program-wide, in 2015-16 the granting council distribution was NSERC — $7M,

SSHRC — $1M, and CIHR - $3M.

SCIENCE CONTRIBUTION AGREEMENTS

Genome Canada ($63M) Annual expenditures vary from year to year. Average annual expenditures, in
2011-12 to 2015-16, were $63M.
Mitacs (Accelerate, Globalink, Elevate) Federal funding levels via contribution agreements vary year to year. In 2015-16
($19M) individual funding levels were Accelerate — $7M, Globalink — $7M, and
Elevate — $5M.
Institute for Quantum Computing ($5M) Current contribution agreement spans 2014-15 to 2016-17.

Note: Figures may not add up to the total due to rounding.



CHAPTER 2

A CASE FOR SCIENCE
AND INQUIRY

As outlined in Chapter 1, the Panel’s review is focused on research as a quest for knowledge and
understanding. That quest is pursued using scientific methods and other forms of rigorous inquiry by
colleagues across disciplines from the natural sciences and engineering through to the health sciences,

social sciences, and humanities. While the work of full-time researchers in Canada and abroad is sometimes
viewed as arcane, it is grounded in traditions of science and inquiry that have transformed our world for
the better in recent centuries. These impacts have often been entirely unpredictable, as diverse discoveries
were forged into inventions that catalyzed the creation of whole new economic sectors, or startling insights
from social research coalesced into broad shifts in the evidence base for public policy.

For scientists working long hours in a laboratory or scholars poring over sources in a library, the rewards
may be more or less tangible. They range from the accolades of peers and progression through the ranks of
a discipline, to the joy of making a breakthrough that illuminates the beauty of nature or the complexity
of humankind, or the satisfaction of seeing a graduate student go on to have a stellar career in industry

or academe.

For Canada, however, research is ultimately about harnessing the power of human ingenuity and creativity
to advance objectives cherished by our citizenry. A vibrant research ecosystem is essential to a wide range of
objectives. These include:

* living longer and healthier lives in a cleaner and safer environment;
* protecting and enriching Canada’s diverse cultures and heritage;

eveloping innovative technologies, goods, and services that contribute to our economic prosperity an
* developing tive technologies, goods, and that contribute t d

create fulfilling jobs;
* sustaining our economic sovereignty, standard of living, and valued social programs;
* fostering a creative, vibrant, and inclusive society;
¢ stimulating informed public debate; and

* supporting evidence-based policy-making in a period of accelerating change and complex domestic and

global challenges.

Research intersects with and advances these objectives in ways that range from immediate and obvious to
subtle and long delayed. Nonetheless, if there is one lesson that we can confidently take from history, it is
that science and inquiry are the foundations of progress in almost every human endeavour.

We understand that most readers already have an implicit appreciation of the impacts of research on our
daily lives and well-being. The Panel is mindful, however, of the old adage that “a fish is never wet.” In like
fashion, the benefits of research are so pervasive that it is sometimes easy to overlook how much we have
all gained from these uniquely human activities, or worse, to only focus on costs and risks. Against that
background, we have organized our thoughts about the positive impacts of research in three brief sections.
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The first revisits the rationale for basic research, not least its transformative impacts on education. The
second focuses on social and cultural benefits. The third considers how research helps fuel economic growth
and innovation, before we close with some brief reflections.

2.1 A Uniquely Human Activity

Geological time is daunting. The earth is estimated to have been in existence for 4.6 billion years, and
Homo sapiens sapiens for no more than 200,000 of those. The brief duration of human existence becomes
more comprehensible with the trope of converting geological time to a single day. Humanity’s collective rise
occupies roughly the last four seconds before midnight. The time in which you blink your eye runs from
well before the period of early human settlements and agriculture right up to the present day. It follows that
the period in which science and inquiry have utterly transformed and lifted the quality and longevity of
life for our species is unimaginably short, measured against the existence of the planet or even against the
period in which humankind has been the dominant species on it.

While early work in science and social or philosophical inquiry can be traced back well over 2,000 years,
economic historian Joel Mokyr has argued provocatively in a recent essay' that the key period of
transformation was the 17t century. The enabling factor, he argues, was a growing belief that progress

was possible—that the broad human condition could be improved by convergent insights from scientific
research and social inquiry. While the forerunners of modern scientists overturned assumptions about the
natural world, the forerunners of modern social scientists, along with historians and philosophers, began to
challenge assumptions about the social and political order. The prevailing ethos was reflected in the motto
adopted by the fellows of the Royal Society of London soon after its founding in 1660: nullius in verba. Its
intent was clear: Take no one’s word for what is or is not true.

At the time that motto was adopted, the average life expectancy across Europe was under 45 years of age,
only a tiny fraction of the population could read and write, poverty and hunger were endemic, open sewage
ran in the streets, child mortality ranged from 25 to 50 per cent, and misery was rampant. In less than

20 generations, the relentless quest for deeper understanding of human and non-human nature has radically
changed the world. Every physical thing we may be tempted to take for granted—from automobiles to
antibiotics, from calculators to CAT scans, and from skyscrapers to smartphones—is based on technology
enabled by multiple fields of basic and applied science. Everything else that matters—concepts such as
democracy, equity, universal suffrage and education, the rule of law, and freedom of assembly and speech—
has become part of our lives mainly because of humanistic inquiry and insights from the social sciences.

This blend of curiosity and creativity has arguably become the defining trait of our species. As this report
was going to press, South African-Canadian cosmologist Neil Turok reflected eloquently on basic research
in a sesquicentennial essay for 7he Globe and Mail:

Learning from the universe—both nearby and far away—has laid the foundation for every
technology that has shaped our world. ... Our ability to comprehend the workings of nature, and to
apply that knowledge with ingenuity to improve our world, makes us who we are. We contemplate
and imagine, experiment and observe. When we understand, we design and we make. In doing so, we
continually reshape the world.?

Social scientists and humanists would surely want to modify those words to better suit their disciplines.
But the sentiments strike the Panel as widely generalizable, and lead us to the links between research
and education.

Canadian humanist Edward Chamberlin once replied to the rhetorical question about what professors do
at universities in lyrical language as follows: “We tell stories: old stories, about evolution and the decline
and fall of the Roman Empire, about the Big Bang and the Great War, about justice and freedom, supply
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and demand, economy and efficiency. And we make up new stories. We call the old ones teaching, and
the new ones research.” It is this interweaving of science and inquiry with teaching and education that is
among the key national advantages of a vibrant research ecosystem. What it helps secure is a much higher
prevalence of open and inquiring minds in the next generation of citizens. Such an outlook is a lifelong
asset not only to the individual but to everyone around him or her. Moreover, those students will be much
better prepared to write their own stories in a world full of the challenges left by our generation.

The Panel emphasizes that the experience of tackling complex research problems has a particularly
profound effect in graduate education. As we outline in Chapter 3, only a fraction of doctoral students will
go on to work as academics. Whatever field of endeavour they pursue, these graduates will move ahead with
a spirit of adventure and a confidence that they can attack any problem no matter how difficult. (We return
to this issue in Section 2.3.)

There are other important attributes of science and inquiry that bear brief mention here.

First, research connects Canada to the world and the world to Canada. Without outstanding scientists
and scholars here, we will be poorly positioned to take advantage of breakthrough discoveries and insights
arising abroad. Discourse among researchers transcends language, geography, culture, politics, ideology,
and religion. Michael Polanyi’s 1962 portrayal of “The Republic of Science” as a self-governing democracy
may have been idealized.* However, in a period when international exchange may be impeded by political
and social counterforces, the research community remains highly globalized. A related point, on which
we touch in Section 2.3, is that a concentration of world-leading researchers is an enormous magnet for
international talent, ranging from undergraduate students to full professors and industrial innovators.

Second, beyond the connections forged among researchers, science and scholarship have the enormous
promise of yielding generalizable insights that can rekindle our common humanity in these centrifugal
times. For example, human biology is remarkably consistent and genetic differences across the world

are trivial. Disease and disability are also global phenomena, and epidemics respect no national borders.
Scholars from the SSHRC disciplines can abet the quest for mutual understanding with insights into

the similarities and differences in language, literature, culture, and religion. Furthermore, widely shared
curiosity about the natural world means that scientific discoveries often ripple across the planet, exciting
people on every continent with their novelty and promise. Not least, the quest to understand not just the
cosmos, but humanity’s place in it, bridges faith and reason, and unites us in the sober recognition that for
all our supposed differences, in our infinite ignorance and impermanence we are all equal.

2.2 Social and Health Benefits

While the Panel is highly optimistic about Canada and its prospects, we acknowledge that a glance at the
wider world brings Charles Dickens to mind:

It was the best of times, it was the worst of times, it was the age of wisdom, it was the age of
foolishness, it was the epoch of belief, it was the epoch of incredulity, it was the season of Light,
it was the season of Darkness, it was the spring of hope, it was the winter of despair...>

Hundreds of millions of people have risen out of poverty.® The so-called middle class has never been larger,
and with that demographic shift has come unprecedented opportunity for successive generations to thrive
as never before. Billions of people live in countries that are governed democratically. Mass communications
and information technologies are connecting people and cultures around the world. Human life expectancies
are rising and quality of life indices are improving. Our collective understanding of human and non-human
nature continues to expand at an exponential rate. Ever more powerful technologies and inclusive growth
strategies are being marshalled to improve and enliven the human condition.
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We acknowledge, however, that the world is confronted with many challenges. What is unsettling is
not so much the number of entries that might be registered on the negative side of the ledger, but their
complexity, pervasiveness, and potential further scope. For example, the global population continues
to rise, and climate change is exacerbating pressures on water and food supplies. Political instability has
intensified, many countries are still struggling to raise a substantial proportion of their populations out
of poverty, income inequality has grown in many industrialized nations, and the global aging of the
population is creating health, social, and economic challenges that are rippling across Europe, Japan,
China, and North America.

Successfully tackling these issues will require efforts that cut across a range of disciplines. Climate change
and environmental degradation are prime examples. Responding to these issues will clearly call for major
contributions from natural scientists, geographers, and engineers—for example, assessing impacts on
Canada’s fresh water, atmosphere, and coastal lands, devising alternative energy solutions, and developing
clean technologies to reduce greenhouse gas emissions, while staying competitive globally. Health
researchers will also need to address any health threats arising from climate change, and the ethical,

legal, and social issues seem destined to rise steadily given the global scope of the effects now being seen.
Moreover, social psychologists may have a unique niche in addressing the cognitive dissonance that
polarizes discourse on this topic.

Population aging will put steady pressure on the Medicare programs that span Canada’s 13 provinces and
territories and have long been sources of national pride. To manage this trend effectively and efficiently,
researchers from a range of disciplines will need to work with decision-makers to reinvent home care. Issues
of mobility and activities of daily living for seniors will drive a renewed emphasis on rehabilitation research.
Another pressure point will be the rising burden of dementia. The age-adjusted incidence of dementia is
falling worldwide, but the prevalence of these disabling conditions, particularly Alzheimer’s disease, will rise
inexorably over the next two decades. Canada has long been a strong contributor to Alzheimer’s research. It
would be a world-changing contribution and great Canadian milestone if definitive treatments to arrest or
reverse the progression of this scourge were to be developed and proven here.

On a different demographic front, an important window of opportunity has opened for Indigenous
reconciliation. The Truth and Reconciliation Commission has laid out a path to secure a better future not
just for Canada’s 1.5 million citizens with Indigenous roots, but also for the entire nation. Moving along
that path will require the development and implementation of evidence-based strategies to address poverty
and high unemployment, heal fractured families, build new infrastructure, and improve education, while
respecting and preserving Indigenous cultures. The lead here will be taken overwhelmingly by Indigenous
scholars and colleagues in the social sciences and humanities.

In this regard, a thoughtful submission by the Federation for the Humanities and Social Sciences makes a
more general case for research and scholarship in these fields.

HSS [humanities and social sciences] scholars are integral to Canada’s research system, and their
contributions will be critical to supporting a world-leading research system capable of helping Canada
address the complex challenges facing our society. HSS researchers bring creativity, historical context,
inquiry and critical perspectives to bear on complex problems. They generate new knowledge about
human thought, behaviour, experiences and expression, helping us to understand one another better,
to design more effective and equitable policies and institutions, and to develop, understand and
appreciate our cultures.”

In brief, Canadian society—and the world around us—faces multifaceted challenges that require
multidisciplinary approaches to arrive at effective solutions. Canada cannot address tomorrow’s challenges
based on yesterday’s research. We must be positioned to access and adapt the best ideas that scientists

and scholars in other countries generate, and to do our fair share in addressing global social and health
challenges. Furthermore, if Canada is to thrive in the 21" century, our capacity to formulate imaginative,
innovative, and evidence-based public policy must be second to none. Policy-making, we understand,
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involves not just evidence, but values and circumstances. Assessing the relevant trade-offs will be the
responsibility of our elected representatives. However, it is very much the responsibility of the research
community to generate the relevant evidence, and the reciprocal responsibility of decision-makers to ensure
that they have the tools and resources to do so.

Finally, while researchers can help respond to diverse challenges, the Panel believes it is important to
acknowledge how research helps build a better nation in two less tangible ways. One arises from the
way in which the achievements of top-tier researchers inspire a broader sense of collective pride and
individual purpose among researchers and non-researchers alike. Exhibits 2.1 and 2.2 list a sampling

of the many outstanding accomplishments by Canadian scientists and scholars over the last 150 years.
The other relates to the intersection of a spirit of open inquiry with the ethos of pluralism that is one of
Canada’s distinguishing characteristics and enduring advantages. We argued in Section 2.1 that research
is an expression of humanity’s innate interest in understanding our world. A society that does not widely
nurture curiosity and creativity across successive generations is at risk of turning inwards. In contrast, a
society that values and supports scientists and scholars from a range of disciplines is much more likely to
remain a global beacon of inclusion and social solidarity—as we firmly believe Canada has become, and
must remain.

2.3 Innovation and Economic Benefits

Innovation is widely recognized as the ultimate driver of long-term economic growth and prosperity.

As noted in Chapter 1, innovation is commonly defined as “new or better ways of doing valued things.”®
Unbundling that definition, it becomes apparent that innovation means creating new or improved
technologies, processes, goods, and services that enhance our lives. It may involve developing new
marketing methods, organizational structures, and business models that produce better economic
outcomes. And, on occasion, an innovation can spawn an entirely new market that alters the course

of history.

These fruits of innovation do not materialize out of thin air. As already discussed, they grow out of the
wellspring of knowledge, ideas, and insights that originate largely, albeit not exclusively, from basic
research. The Panel emphasizes that care is needed in assuming that the innovation process is necessarily
linear, or that its time-course is readily predicted. From time to time, there is a steady progression from
basic research through to applied research, development, and a commercial innovation. However, in many
cases the connections can be extremely rapid (as is occurring now with CRISPR gene-editing technology),
non-linear, or even inverted in at least two ways. One inversion scenario sees basic scientists pushing the
edges of technology; suppliers respond, the research is able to advance, and suppliers have a better product
and wider market. Another scenario sees applied scientists collaborating with basic scientists to find new
methods of solving a thorny problem, leading to new important insights. In all these cases, students and
trainees benefit from a boundary-stretching experience.

Stokes makes these arguments compellingly in his landmark 1997 monograph.” He coins the term
“Pasteur’s quadrant” to honour Pasteur’s gift for rapid cycling from industrial to basic research, and
examines how basic research inspired by practical questions can both leapfrog rapidly into technological
innovation and cycle back to open up major fields of scholarly or scientific inquiry.

In brief, it is often difficult to compartmentalize research activities into discrete categories like “basic” and
“applied” when discussing the innovation process. The Panel also fully recognizes that not all basic research
begets innovation, just as not all innovation is rooted in basic research. Indeed, massive multinational
businesses have been built from process innovations, from imaginative applications of extant technologies
in new ways, or from smart bundling of multiple technologies. That said, we believe that, with careful
tracking back over time, it will be shown time and time again that basic research is the upstream source

of the foundational building blocks for innovations of transformative importance to the world.
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O

Exhibit 2.1: A Small Sampling of Canadian Discoveries, Inventions, and Achievements in
Natural Sciences, Engineering, and Health?

Year/Period

1870-1899

Discoveries, Inventions, and Achievements

e First telephone (Bell)

e First telephone handset or transceiver (Duquet)

e Standard time (Fleming)

* First rotary railroad snowplough (Jull)®

e First compass to measure horizontal angles (Brunton)

1900-1929

® Robertson screw (Robertson)

¢ Marquis wheat (Saunders)

e Radioactive half-life, foundations of nuclear physics (Rutherford; Nobel Prize 1908)

e Insulin discovered (Banting, Best, Collip & Macleod; Nobel Prize 1923 to Banting and Macleod)
e First AC-powered commercial radio receiver (Rogers)

1930-1949

¢ Landmark atlas and classification of congenital heart disease (Abbott)
e First caterpillar-tread snowmobile (Bombardier)

o Pablum for infants (Tisdall, Drake, & Brown)

¢ Pioneering studies in stress responses begin (Selye)

1940-1959

¢ Neutron scattering techniques for studying condensed matter (Brockhouse; Nobel Prize 1994)
® G-suit invented, tested, flown in combat (Franks)

* Voltage controlled musical keyboard—forerunner of synthesizers (Le Cain)

e Hypothermic cardiac surgery (Bigelow & Callaghan)

e External cardiac pacemaker (Hopps, Callaghan & Bigelow)

e Cobalt-60 radiation therapy for cancer (Johns)

1960s

e lonospheric studies by satellite: Alouette program (Chapman et al.)
o Stem cells discovered (Till & McCulloch)

¢ Mathematical ecology emerges with classic textbook (Pielou)

e Plate tectonics theory advanced (Wilson)

e Breakthroughs in memory begin (Milner)

1970s

 Nobel Prize in Chemistry 1971, Herzberg, for 30 years of pioneering work in spectroscopy and elucidation
of free radicals

* More insights into memory formation (Tulving & Milner)

e Key paper on site-directed mutagenesis; later leads to Nobel Prize for Smith (1993)

e Canola developed (Downey & Stefansson)

1980s

¢ Ongoing studies in infrared luminescence/quantum tracking of chemical kinetics lead to Nobel Prize (1986)
for Polanyi

¢ Canadarm: used on space shuttles until 2011 (multiple inventors, Mee credited for the “hand"”)

e First long-term single and double lung transplants (Cooper)

¢ Development of photodynamic therapy for treating macular degeneration (Levy & Dolphin)

e Gene for cystic fibrosis discovered (Tsui & Riordan)

1990s

e First smartphone invented/BlackBerry (Lazaridis)

o Cancer stem cells discovered (Dick)

o Neural stem cells discovered (Weiss)

e Beginning of breakthroughs in superconductivity based on Yttrium barium copper oxide crystals
(UBC/CIFAR team)

2000s

e Further elucidation of neutrino oscillations and mass (SNO team, led by McDonald; Nobel Prize 2015)
e Many stem cell breakthroughs (Rossant, Nagy, Miller, Bhatia, van der Kooy et al.)

* Major advances in Artificial Intelligence — Deep Learning (Hinton & Bengio)

o Effective vaccine for Ebola fever (National Microbiology Lab team, led by Feldmann)

e Elucidation of critical elements of the CRISPR-Cas9 system (Moineau et al.)

2 Limited to those who lived or worked in Canada full- or part-time at the time of the relevant activity; non-Canadian co-authors/co-inventors not
listed but often full partners.

b Original design also Canadian, by Dr. J.W. Elliott in 1869.
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Exhibit 2.2: A Small Sampling of Great Canadian Thinkers in the Social Sciences

and Humanities

Harold Innis (1894-1952). Economic historian and
multidisciplinary scholar. Originated the “staples theory”
to explain Canadian economic development, later applied
to many other national contexts. Early student and critic
of mass media and their effects on the fabric of society.

John P. Humphrey (1905-1995). Legal scholar and
teacher, and founding director of the UN Division of
Human Rights (1946) where he led many pioneering
initiatives. Revered as first author of the Universal
Declaration of Human Rights, adopted in 1948.

Marshall McLuhan (1911-1980). Philosopher, public
intellectual, and pioneering media theorist. Achieved
world renown as a guru of mass communications.
Predicted the worldwide web in the 1960s. Remains a
household name.

Northrop Frye (1912-1991). Globally influential
literary critic and theorist, with a massive oeuvre ranging
from re-interpretation of the poetry of William Blake to
seminal studies of the structure of Western literature and
its roots in Judeo-Christian religious writings.

Léon Dion (1922-1997). Pioneering political scientist.
Lead researcher for the pivotal Royal Commission on
Bilingualism and Biculturalism (1963-1969). Honoured
by I'’Académie francaise and I'Académie des sciences
morales et politiques.

Guy Rocher (1924 ). Multidisciplinary and prolific
social scientist, with special interest in public law

and social change. Leadership roles in academe, on
government commissions, and in the civil service. Books
translated into many languages; honoree of the American
Academy of Arts and Sciences.

Natalie Zemon-Davis (1928 —). Historian who

has pioneered narrative and ethnographic techniques,
eschewing the “great men and events” paradigm. Prolific
author of award-winning books translated into many
languages. Awarded the U.S. National Humanities Medal
and Norway's Holberg Prize.

Richard Lipsey (1928 —). Economist who linked
equilibrium models to real world policy-making (viz.
General Theory of the Second Best). Internationally
renowned as lead author of textbooks that introduced
economics to millions of students worldwide.

Charles Taylor (1931 -). Philosophical polymath,
interpreter of great thinkers of centuries past with deep
engagement in contemporary issues. Champion and
expositor of Canadian federalism and multiculturalism.
Global honours include Japan’s Kyoto Prize.

Margaret Lock (1936 ). Pioneer in medical
anthropology. Major contributions in comparative
epistemology of medicine, social anthropology of
transplantation, and impact of genetics on society.
Publications have won many prizes from international
learned societies.

lan Hacking (1936 —). Historically-minded philosopher
of science. Examined the transformation of modern
thought by probabilistic thinking, and the formation of
human identity using mental illnesses as a conceptual
lens. Multiple international awards, including Norway's
Holberg Prize.

Henry Mintzberg (1939 - ). Renowned management
theorist, author of 15 books. His iconoclastic views on
strategic planning, leadership, and business education,
and his work on organizational configurations, have had
an enduring influence globally.

Margaret MacMillan (1943 —). Renowned historian
of international relations in the 20th century, and public
intellectual commenting on global affairs. Author of
multiple non-fiction best sellers, and winner of numerous
international awards.

Gérard Bouchard (1943 - ). Award-winning
scholar, with a massive publication record ranging
across historical inquiry and quantitative social science.
Co-chaired the Bouchard-Taylor committee with

its internationally influential delineation of “inter-
culturalism” for distinct societies within federal states.

Janet Werker (1951 ). Cognitive scientist of
international repute. Her work on language acquisition
by infants has fundamentally changed thinking about
developmental neurolinguistics. A CIFAR fellow, she has
won awards from professional societies in Canada and
the U.S.
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It is no wonder, then, that prominent U.S. economist Ben Bernanke has lamented that “the declining
empbhasis on basic research is somewhat concerning because fundamental research is ultimately the source
of most innovation, albeit often with long lags.”!? If this is in fact a concern in the U.S. as several major
reports have argued,11 then the concern should be even more acute in Canada, where our scientific
community has been reeling from a decade marked by the de-prioritization of basic research.

A temptation to move funds towards applied research, especially during economically challenging times,
arises in part out of the uncertainty stemming from the “long lags” to which Bernanke alludes. Such lags
occur not only because of the immense complexity of the innovation and commercialization process, but
also because major breakthroughs in basic research are frequently the result of serendipitous discoveries that
are not foreseeable at the outset. Indeed, setting targets for the social or economic impacts of basic research
reflects a profound misunderstanding of its contribution. If the results could reasonably be known in
advance, the activity is not really research. Simply put, neglecting basic research owing to impatience or
uncertainty contradicts much of the historical evidence.

On this latter score, countless examples can be adduced of basic research that had no immediate
application but eventually translated into transformative innovations with substantial long-term benefits.

Federal funding should be used mainly for
basic, curiosity driven research. While research
that has direct benefits to people is critical, it

is important to recognize that this research can
be easily monetized, and therefore should be
carried out by the private sector. Publicly funded
science should focus on more fundamental
questions. Answering these fundamental
questions will allow for innovations that cannot
be predicted today, and may not have any
direct benefit to people for many years. Private
enterprise cannot work on these long time
scales, but public enterprise can.

— Active researcher, Memorial University
of Newfoundland

For instance, the information revolution of the 1990s
can be traced back to basic science from the 1970s, and
those discoveries in turn build on a line of work dating
back to the early part of the century. Research findings
dating back to the 1950s have contributed to major
innovations in biotechnology that are unfolding today.
Basic research in physics in the late 1800s led to radio
and electrical power generation and transmission along
with electric motors and generators. When quantum
physics and relativity were born in the early 20 century,
no one could have predicted the array of innovations that
would result many years downstream—innovations as
varied as the transistor and semiconductors, solar cells,
rechargeable batteries, the laser, the integrated circuit,
the personal computer, the internet, medical imaging,
flat-panel high-definition televisions, satellites in orbit,
and the BlackBerry, to name but a few. Taking a recent
Canadian example, the development of an effective

vaccine against the Ebola virus arose from 15 years of research at the National Microbiology Laboratory,
pursued to understand curious immune properties of the virus long before Ebola fever mus