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Executive Summary
Program Overview

The Canadian Ingtitute for Advanced Research (CIFAR) was established in 1982 as an
independent not-for-profit corporation that supports networks of eminent Canadian and
international researchers. Itsmission isto increase Canadian research capacity in areas of
importance to Canada, and to strengthen the Canadian research environment through the
promotion of excellence and engagement with the international research community at
universities and research institutes worldwide. CIFAR has been funded continuously by the
Government of Canada since 1987.

The Government of Canada’ s Budget 2007 alocated $25M over five years to CIFAR, which was
provided under a conditional grant arrangement. The $25M represented approximately one-third
of CIFAR’s total revenues over the five-year period from 2007-08 to 2011-12. The conditional
grant was not directed to specific CIFAR programs, but rather as support for the overall
organization, contributing to the existing objective of strengthening academic global research
networks in Canada.

Evaluation Purpose and M ethodology

In accordance with the Treasury Board Policy on Evaluation and the Directive on the Evauation
Function, the purpose of this evaluation was to assess the core issues of relevance and
performance of CIFAR. The evaluation findings are based on the anaysis of multiple lines of
evidence. The methodology included a document review, literature review, key interviews, and a
comparative cost study.

A key input to the evaluation was the 2010 evaluation and performance audit of CIFAR,
conducted by Hickling Arthurs Low (HAL). This study included a document, file and literature
review; interviews, a survey of research program members; and a benchmarking exercise.

Findings
Relevance

Publicly funded fundamental research responds to a need to foster innovation and provide social
and economic benefits to Canadian society. CIFAR responds to this need by developing and
managing large-scale research programs designed to achieve knowledge breakthroughs that will
contribute to improved health, environmental, societal and economic benefits for Canadians.

CIFAR is consistent with federal government priorities related to support for fundamental
research and the attraction, training and retention of researchers as set out in the 2007 Science
and Technology (S&T) Strategy, as well as Speeches from the Throne and Federal Budgets since
2007. CIFAR programs are also in line with IC’ s strategic objectives.
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Further, support for CIFAR is consistent with federal roles and responsibilities to encourage the
development of science and technology. CIFAR occupies a niche within the Canadian S& T
ecosystem, offering arelatively unique approach to conducting both basic and applied research
as well as enabling multidisciplinary work and funding for international researchers and
collaboration.

Performance
CIFAR haslargely achieved the expected results as set out in the Funding Agreement.

CIFAR has been successful in building interdisciplinary research strengths in areas of
importance to the long-term social and economic development of Canada. These research
strengths are evident in the results achieved by the organization’ s researchers as well asin the
national and international recognition inherent in the many awards they have received.

However, assessing the effectiveness of related knowledge sharing activities would require more
robust performance measures.

Further, closer links between Canadian and international researchers have been achieved through
increasing the degree of international engagement in CIFAR’s programs. This has been achieved
through a practice of drawing new members and advisors from different countries and
supplementing these efforts by engaging in visits to other nations and participating in
collaborative forums and research. Additional insight into the effectiveness of international
outreach activities would require more enhanced performance measures.

In fostering high-quality research in Canada, CIFAR aimsto build a strong research community
in the country by involving young researchersin its programs. Graduate students and
postdoctoral fellows participate on asimilar level as program members. CIFAR has also attracted
high-calibre researchers from other countries to its work, some of whom have been recruited to
positions in Canada. According to interviewees, among the draws of CIFAR is a degree of
international collaboration that is not easily found elsewhere.

Another requisite of a strong research community is the presence of appropriate funds, and
CIFAR has been working toward shifting its funding ratio to rely more substantially on
contributions from the private sector and less on contributions from the public sector. Over the
past five years, funding from provincial governments has decreased. However, revenues have
been relatively stable over the past three years as the organization has taken in more funds from
private sources.

With respect to the use of funds, employing a third-party organization to deliver research
programs of the type supported by CIFAR is an effective delivery mechanism. Further, the cost
comparison exercise shows that CIFAR’s “virtual model” is efficient when compared to the
more traditional models used by other advanced research organizations in terms of the ratio of
non-program costs to total costs.
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Recommendations
The conclusions of the evaluation led to the following recommendation:

Recommendation 1: The Science Partnerships Directorate should work with CIFAR to enhance
their Performance Measurement (PM) Strategy. Particular attention should be placed on
developing additional performance measures to better capture the effectiveness of CIFAR'’s
activities and outputs with aview to assessing intermediate and longer term outcomes.
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1.0 INTRODUCTION

This report presents the results of an evaluation of the Canadian Institute for Advanced Research
(CIFAR). The purpose of the evaluation was to assess the relevance and performance of CIFAR.
The report is organized into four sections:

Section 1 provides the profile of CIFAR;

Section 2 presents the evaluation methodology, along with a discussion of data limitations;
Section 3 presents the findings pertaining to the evaluation issues of relevance and
performance; and,

Section 4 summarizes the evaluation’s conclusions and provides a recommendation for future
action.

1.1  Program Overview

Arms-length organizations have been used as tools to deliver federal public policy since the
1990s, particularly in areas such as research and development and education. Through its
Science Partnerships Program, Industry Canada manages federal contributions to a number of
third-party organizations, including the Canadian I nstitute for Advanced Research (CIFAR).
These investments are expected to contribute to government commitments as set out in the
federal Science and Technology Strategy. CIFAR has been partially funded by the Government
of Canada since 1987.

CIFAR was established in 1982 as an independent not-for-profit corporation that supports
networks of Canadian and international researchers who conduct long-term research on
scientific, social and economic issues. Its mission isto increase Canadian research capacity in
areas of importance to Canada, and strengthen the Canadian research environment through the
promotion of excellence and engagement with the international research community at
universities and research institutes worldwide. CIFAR supports research programsin 12 aress,
drawing upon close to 400 eminent researchers around the world.

The research that is supported by CIFAR is fundamental in nature and includes a range of basic
and applied research. The questions that are identified and developed into programs address
critical gaps in understanding in areas identified as being fundamentally relevant to society, and
where CIFAR’s engagement can potentially make a large impact — be it through new technology,
changes in policy, or in improving how we understand the world.

The purpose of continued Industry Canada support is to: attract and retain highly qualified
researchers in Canada; build interdisciplinary research strengths in areas of importance to
Canada; encourage closer links between Canadian and international researchers; and encourage
greater private sector and provincial government investment in basic research activities.
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1.2 Governance

CIFAR isgoverned by a Board of Directors, its associated committees, a Research Council, and
a Council of Advisors.

The Board of Directorsis responsible for the governance of CIFAR. The Board can have
between 15 and 24 members according to CIFAR's bylaws, and had 24 members' at June 30,
2012. Directors are distinguished individuals drawn from the Canadian business, research and
professional communities. There are four committees of the Board: Governance; Advancement
and Communications; Audit and Finance; and, Investment.

The Research Council isinvolved in the process of monitoring the overall direction and quality
of CIFAR’s research, advising the President on the approval and renewal of research programs,

and providing insight into the Canadian and international research environment. The Council is
appointed by and chaired by the President. At June 30, 2012, it had 14 members® drawn mainly
from the senior ranks of Canadian and more recently non-Canadian universities.

The Council of Advisors assists the Board of Directors and the President by providing advice as
requested. The Council is composed of former members of the Board of Directors and the
Research Council, and past participants of CIFAR’s research programs. There were 27
members® of the Council as of June 30, 2012.

1.3 CIFAR Research Modd

The CIFAR research model is virtual in nature. The essence of CIFAR’s approach isto develop a
network of eminent researchers from different national and international institutions and to
facilitate and support interaction among the researchers on research questions of broad interest at
the interface of disciplines.

There are four componentsto CIFAR’s research model:

1. Search for research questions. CIFAR starts with identifying the “big questions’” and then
formulates research teams best suited to tackle the questions. More traditional research
organizations start by recruiting a team who then has some discretion in formulating the
research questions. CIFAR does this by employing an active search and exploration process
for new research topics using various forms of input from its stakeholders. Potential
guestions for CIFAR are reviewed by the President and senior staff of CIFAR, with advice
from Research Council members, and questions of interest are then the subject of a series of
workshops that refine the questions. A task forceis struck to lead the initiative. Potential
researchers, Program Directors and senior advisors are identified in the course of the search
process that usually takes two to four years.

! CIFAR Annua Performance Report 2011-2012, p.8.
2 CIFAR Annual Performance Report 2011-2012, p.74.
3 CIFAR Annual Performance Report 2011-2012, p.74.
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2. Approval process: Following a successful search process, a proposal is developed by the
task force for the proposed program that outlines aresearch plan for the first five years, and
proposes the identified researchers, Program Director and Advisory Committee members for
the program. The Research Council assesses the program against the following criteria:

Adds significant value to its research area and answers big questions;
Does not duplicate an already well-understood area;

Addresses aresearch question that cannot be answered by a single researcher or any one
discipline or by researchers at a single institution; and

L eads to advances that would positively impact Canada and the world, involve a
significant number of Canadian researchers, and possibly draw researchers back to
Canada.

3. Research program: CIFAR establishes research programs as well as aresearch plan for a
five-year term. It provides program members with five year, discretionary funds designed to
facilitate their research as related to the program. CIFAR arranges and supports meetings of
program members, usually two or three meetings a year for each program. Currently, CIFAR
has 12 programs. Table 1 provides a brief description of these programs.

4. Program review process. Programs are reviewed after four years into the five-year term
through aformal peer review process by a panel of eminent researchers selected by CIFAR.
The review considers the results of the program and the plans for the next five years as
presented by the Program Director. In addition to assessing the programs against criteria of
excellence and relevance, the peer review also evaluates the performance of individual
program members both in terms of the excellence of their work and their overall contribution
to the success of the program. The reviews can lead to a program’s continuance or to its
termination and the continuation or termination of the involvement of individual members.
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Table 1: CIFAR Research Programs (as of June 30, 2012)

Resear ch Programs

#Members'

Founded

Description

Cosmology and Gravity

50

1986

Seeksto tell a comprehensive story of the structure
and evolution of the entire universe, from its first
moment of existence to its ultimate fate.

Earth System Evolution

32

1992

Seeks to provide the larger context of how our
world has evolved over hundreds of millions of
years.

Experience-based Brain and
Biological Development

24

2003

Explores the core question of how social
experiences affect developmental biology and help
set early trgjectories of lifelong development and
health.

Genetic Networks

19

2005

Seeks to discover how genes interact with one
another, research that could identify the root
causes of many complex genetic diseases, and lead
to new treatments and preventive measures.

Institutions, Organizations
and Growth

29

2004

Seeks to answer the question of what makes some
countries rich and others poor, examining the
effect of many types of institutions and
organizations on economic growth.

Integrated Microbial
Biodiversity

26

2007

Explores the diverse microbial world that
surrounds and permeates human life. The research
is transforming human understanding of
biodiversity, and changing approaches to medicine
and health, environmental sustainability, and
evolutionary biology itself.

Nanoelectronics

40

1999

Aims to understand and harness the power of
materials at the nanometre (one billionth of a
metre) scale. Thiswork holds the potential to
create computer circuitsin orders of magnitude
smaller than those found on today’ s microchips.

Neural Computation and
Adaptive Perception

32

2004

Aimsto unlock the mystery of how our brains
convert sensory stimuli into information and to
recreate human style learning in computers.

Quantum Information
Processing

36

2002

Seeks ways to harness the strange and fascinating
properties of the quantum world, where the mere
act of observing an object changes its nature, with
the aim of building quantum computers.

Quantum Materias

71

1987

Explores the development and use of quantum
materials whose novel and unusual electronic
properties, like superconductivity, could
revolutionize technology.

Socia Interactions, Identity
and Well-Being

23

2005

Explores the inter-rel ationships among socia
interactions, identity and well-being. Historically,
identity research has been largely theoretical, and
well-being largely empirical. Socia interactions
bridge the two, influencing both identity and well-
being.

Successful Societies

20

2002

Explores the roots of social inequalities and asks
the question: What makes a society successful?

* Members include both program members and advisory committee members.

Audit and Evaluation Branch

Evaluation of the Canadian Institute for Advanced Research

April 2013




14 Resour ces

The Government of Canada’s Budget 2007 allocated $25 million over five years (2007-08 to
2011-12) to CIFAR, which was provided under a conditional grant arrangement. The federal
grant represented approximately one-third of CIFAR’s total revenues over the five-year period.
The conditional grant was not directed to specific CIFAR programs, but rather as an addition to
the total organizational budget, contributing to the existing objective of strengthening academic
global research networks in Canada.

15 Expected Resultsand L ogic M odel

CIFAR’s expected results, as outlined in the Funding Agreement, are to:

Strengthen the preparation, attraction and retention of highly-qualified personnel in Canada;
Encourage greater private sector and provincial government investment in basic research and
development activities in Canada;

Build interdisciplinary research strengths in areas of importance to the long-term scientific,
economic and social development of Canada; and

Encourage closer links between the research activities of Canadian researchers and
international researchers.

The following logic model was developed by CIFAR and approved by its Board of Directorsin
2008. Thelogic model (Figure 1) outlines the program’s inputs, activities, and outputs, as well as
the intended short-term, medium-term and longer-term outcomes.

Both the expected results and the relevant immediate and intermediate outcomes were used to
guide the assessment of the core evaluation issue “achievement of expected outcomes’.
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Figure 1: CIFAR Logic Model, 2008
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20 METHODOLOGY

This section describes the evaluation approach, the objective and scope of the evaluation, the
specific questions that were addressed, the data collection methods used, and the limitations of
the methodol ogy.

2.1  Evaluation Approach

This evaluation builds on an evaluation and performance audit conducted by Hickling Arthurs
Low (HAL) Corporation in 2010. The 2010 study reviewed CIFAR’s activities from 2007 to
March 2010 and included a limited assessment of two out of the three core issues of relevance
(continued need and alignment with government priorities), as well as an assessment of
performance. As this study was recipient-led there was no requirement to address the Treasury
Board requirement to cover al five core evaluation issues.

The current evaluation study was managed by Industry Canada's Audit and Evaluation Branch
(AEB) and updates the assessment and expands the scope to cover all five core issues of
relevance and performance. Data collection and analysis was primarily conducted by Science-
Metrix for core issues of relevance and by HAL Corporation for core issues of performance.
2.2 Objective and Scope

An evaluation of CIFAR isrequired under section 42.1 of the Financial Administration Act. In
accordance with the Treasury Board Policy on Evaluation and Directive on the Evaluation
Function, the purpose of this evaluation was to assess the core evaluation issues of relevance and
performance”. The evaluation study covered the period from April 2007 to March 2012.

2.3  Evaluation Issues

Relevance

1. Isthere acontinued need for publicly-funded fundamental research? Do the research
programs delivered by CIFAR respond to this need?

2. Does CIFAR aign with federal government priorities and Industry Canada’ s strategic
outcomes?

3. Isthefunding of CIFAR consistent with federal roles and responsibilities?

® While the questions for core evaluation issue #4 (achievements of expected outcomes) align with the expected results of
CIFAR's Funding Agreement, indicators for each question were examined at both an immediate and intermediate outcome
level.
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Performance

4. To what extent has CIFAR-supported research contributed to building interdisciplinary
research strengths in areas of importance to the long-term scientific, economic and social
development of Canada?

5. Has CIFAR'sinternational outreach encouraged closer links between the research activities
of Canadian researchers and international researchers?

6. Towhat extent has CIFAR been able to strengthen the preparation, attraction and retention of
highly-qualified personnel in Canada?

7. Towhat degree has CIFAR been able to encourage greater private sector and provincia
government investment in basic research and development activities in Canada?

8. Isthededlivery of research programs by CIFAR effective and efficient?
2.4  DataCollection Methods

This evaluation supplements the data collection methodol ogies that were employed in the 2010
evauation and performance audit. The 2010 study included document, file and literature
reviews; interviews (60); a survey of research program members; and a benchmarking exercise.
The current study included a further document review, literature review, and interviews, and an
updated analysis of the data collected through the benchmarking exercise.

2.4.1 Document Review

The review included documentation on: federal government priorities (e.g. Federal Budget,
Speech from the Throne); Industry Canada priorities (e.g. Report on Plans and Priorities,
Departmental Performance Reports), program documentation relating to CIFAR (e.g. Funding
Agreement, TB submission); the 2010 CIFAR evaluation and performance audit; and other
CIFAR documentation (e.g. annual reports, research reports, peer reviews). This methodology
helped address all evaluation issues, in particular those issues relating to government priorities
and federal roles and responsibilities. A list of the maor documents reviewed is contained in
Appendix 1.

2.4.2 Literature Review

This review focused on the need for fundamental research of the type CIFAR supports, therole
of federal government in supporting research, and how CIFAR’s research model differs from
research funded through other federal sources (e.g. the granting councils). Included in the review
were relevant reports of the Science and Technology Innovation Council, the Council of
Canadian Academies (e.g. Report on the State of Science and Technology in Canada), Canadian
scientific associations, reports of other countries on the rationale for funding fundamental
research (including Canada, the US, Australia, Japan, the OECD, and Europe) and scholarly
articles providing perspectives on fundamental and interdisciplinary research funding. Grey
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literature on the subject was also consulted. A list of the articles and reports reviewed is
contained in Appendix 2.

243 KeyInterviews

The objective of the interviews was to gather in-depth information including views, explanations
and factual information that address the evaluation questions from a variety of stakeholder
perspectives. In total, 20 interviews were conducted among the following stakeholder groups:

CIFAR board members (2)

Senior CIFAR management (4)

CIFAR program directors (3)

Federa granting councils (3)

Selected provincial governments representatives (2)
Finance Canada (1)

Industry Canada (5)

Thelist of interviewees and interview guides are provided in Appendices 3 and 4 respectively.
2.4.4 Cost comparison study

To assess CIFAR' s efficiency, a comparison was undertaken of CIFAR'’ s operations with other
ingtitutes of advanced research that are similar to CIFAR's with respect to their size and research
focus. The approach used in this evaluation was to update the information provided in the 2010
CIFAR evaluation and performance audit. Each of the participating institutes is recognized for
producing high-quality research on complex matters. Accordingly, datafor 2010-11 and 2011-12
(where available) was added to the 2003-2004 and 2008-2009 data reported in the 2010 study to
provide atrend over a 7-8 year period. Information was gathered via the institutes respective
websites, financial statements and interviews. A summary of the financial information for each
of the organizations included in the study is contained in Appendix 5.

25 Data Limitations

There were three key limitations that should be considered when reviewing the evaluation results.
These limitations and mitigation steps are discussed below:

- Survey of CIFAR program members: A survey of CIFAR program members was not
undertaken as there was insufficient time for administering one in the timeframe of the current
evauation. Additionally, program members had recently participated in a survey as part of the
2010 evaluation and performance audit, and the short interval between data collection periods
would have placed a response burden on program members. With both these factors taken into
consideration, performance data was updated to provide alonger trend analysis to mitigate
against this limitation.
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- Cost Comparison Sudy: A limitation of the cost study is that each institute' s fiscal year is
different, definitions varied between institutes (e.g., breakdown of operating costs into
fundraising, program management), and comparable financia data for each institute was not
always available for the same year. To mitigate against this, trends were analyzed over a
seven to eight year period rather than a single data point, and when appropriate percentages
were compared rather than absolute numbers. In addition, participating organizations all
support amix of researchers who are resident at the research organization whereas CIFAR
does not have a dedicated research facility but rather it funds researchers who continue to
work at their current facility. To mitigate against this, the evaluation considers the cost study
as a comparison of research models rather than a comparison of research facilities.

- Performance Data: Overall, CIFAR collects high-quality and reliable performance data
against their existing performance measures. This data was largely effective when used to
report specifically against the expected results of CIFAR'’s funding agreement. However, the
data from existing measures could not be used to fully assess the extent to which CIFAR’s
various activities and outputs contributed to the achievement of these results, particularly in
the areas of knowledge sharing and international outreach. This limited the degree to which
the evaluation study could fully capture the achievement of intermediate and longer term
outcomes.
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3.0 FINDINGS
3.1 Relevance

3.1.1 Isthereacontinued need for publicly-funded fundamental research? Do the
resear ch programs delivered by CIFAR respond to this need?

Key Finding. Thereisa continued need for publicly-funded fundamental research as a
means to foster innovation and provide social and economic benefits to Canadian society.
CIFAR responds to this need by delivering large-scale research programs designed to achieve
knowledge breakthroughs that will contribute to improved health, environmental, societal and
economic benefits for Canadians as well as delivering activities and programs that support
the attraction and development of highly-qualified personnel.

Publicly-funded fundamental research responds to a need to foster innovation and provide
economic and social benefits for Canadian society. Innovation performance is recognized by the
OECD as acrucia determinant of competitiveness and national progress. By pursuing their best
ideas, researchers help to build a broad base of knowledge, understanding and expertise that can
seed longer-term social and economic opportunities. Many technological and social innovations,
with deep and positive socia and economic impacts, have had their roots in public research and
came from findings that were impossible to foresee. ©

The most recognized way in which fundamental research generates benefits and fosters
innovation is through the creation of new knowledge, information and ideas that are available to
firms and other ‘users such as public sector researchers and policy makers. However, a number
of other significant socio-economic benefits are increasingly being recognized, including
indirect, subtle, heterogeneous benefits. These benefits are difficult to track or measure, such as
increasing a society’s learning capabilities” or competence building.? Slater and Tang's review of
studies on the benefits of publicly-funded basic research identified the following channels
through which benefits from research flow into the economy and society:

increase in the stock of useful knowledge;

supply of skilled graduates and researchers,

creation of new scientific instrumentation and methodologies;
development of networks and stimulation of social interactions;
enhancement of problem-solving capacity;

creation of new firms; and

 OECD, Innovation and Growth: Rationale for Innovation Strategy 2007.
7 Sdlter, A.J. & Martin, B.R. (2001). The economic benefits of publicly funded basic research: acritical review. Research Policy,

30, 509-532.

8 Conceican, R. & Heitor, M.V. (2007). Diversity and integration of science and technology policies. Technological Forecasting
& Social Change, 74, 1-17.
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provision of social knowledge.’

Policy and scholarly literature, both in Canada and internationally™®, supports the continued need
for publicly-funded basic and applied research. Thisislargely due to the range of potential
benefits derived from research activities, along with their recognized contribution to a strong
knowledge economy. For instance, the Canadian government through the federal S& T Strategy™
notes that public support for basic research is justified by the fact that the benefits to society are
significant.

CIFAR responds to the continued need for fundamental research by devel oping and managing
research programs designed to achieve knowledge breakthroughs. These programs focus on key
issues which have the potential to contribute to improved health, environmental, societal and
economic benefits for Canadians. Knowledge breakthroughs can lead to discoveries, inventions,
and applications that play akey role in fostering technological and social innovation.

CIFAR supported fundamental research is largely aligned with “oriented basic research”, which
“is carried out with the expectation that it will produce a broad base of knowledge likely to form
the basis of the solution to recognised or expected, current or future problems or possibilities.”*2
For instance, research conducted in the Earth System Evolution program contributes to historical
climate reconstructions that seek to boost the predictive power of climate models in the context
of global climate change, and researchers in the Institutions, Organizations and Growth program
investigate the “many factors that influence integration, cultural attitudes and ideologies’ to help
address issues of immigration and diversity.

Some CIFAR research programs also support the conduct of more “basic research”, such as the
Cosmology and Gravity program which aims to improve our understanding of the history and
composition of our universe. Thisresearch is conducted without any specific application or use
in view. Other research programs include a focus on more “applied research” 3. For example,

 Martin, B. & Puay, T. (2007). The Benefits of Publicly Funded Research, Science and Technology Policy Research, University
of Sussex. Retrieved on March 12, 2013 from: www.erawatch-network.eu/reports/sewpl61.pdf and based on Salter, A.J. &
Martin, B.R. (2001). The economic benefits of publicly funded basic research: a critical review. Research Policy, 30, 509-532. A
follow-up to this study presented a dightly modified typology, see Martin, B. & Puay, T. (2007). The Benefits of Publicly Funded
Research, Science and Technology Policy Research, University of Sussex. Retrieved on March 12, 2013 from: www.erawatch-
network.eu/reports/sewpl161.pdf

10 Sefected references that support the need for S& T activitiesin both basic and applied research include: Canadian S& T
Strategy (2007) and Progress Report (2009); Review of Federal Support to Research and Devel opment Expert Panel reports (aka
“Jenkins report”, 2012); Japan’s Science and Technology Basic Policy Report (2010); A Rationale For Action - Europe 2020
Flagship Initiative - Innovation Union (2010); Report to the President - Transformation and Opportunity: The Future of the U.S.
Research Enterprise (2012); Research Universities and the Future of America: Ten Breakthrough Actions Vital to Our Nation's
Prosperity and Security (2012); Nelson & Romer 1996; Leydesdorff & Meyer (2006); Conceicao & Heitor 2007; Hessels et al.
20009.

™ Government of Canada, Mobilizing Science and Technology to Canada’ s Advantage, 2007.

12 OECD. (2002). Frascati Manual. (p.78). Retrieved on March 12, 2013 from:
http://browse.oecdbookshop.org/oecd/pdfs/free/9202081e.pdf

13 The OECD Frascati Manual, which provides internationally recognized methodology for R&D data and statistics defines basic
research as “experimental or theoretical work undertaken primarily to acquire new knowledge of the underlying foundation of
phenomena and observable facts, without any particular application or use in view, whereas “applied research is aso origina
investigation undertaken in order to acquire new knowledge. It is, however, directed primarily towards a specific practical aim or
objective.” p.30.
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both the Nanoelectronics and the Neural Computation and Adaptive Perception program
involve research related to engineering applications, including the creation of new nanomaterials
that could be used by the electronics industry and new algorithms and models that have
applications for intelligent devices such as security surveillance systems.

Theresults of CIFAR'’ sresearch are intended to lead “to new ways of thinking about and
addressing central questions that confront humanity”.** Thistype of research is generally
situated at the front end of the innovation pathway (i.e., conducting research leading to
discoveries and inventions'®). The timeframe for the practical use, adoption of new ideas, and/or
commercial application of the research results of such work is often — but not always — long-
term, and involves several additional steps and players along the S& T and innovation pathway.*®
Moreover, given the nature of any scientific explorations at the research frontiers, the results of
such work are unpredictable, and potential uses and benefits may be both direct and indirect. As
such, the main current models depict S& T innovation pathways towards value creation as being
non-linear, complex processes involving inputs and activities by multiple players (institutions,
sectors) and governed by multiple feedbacks (both positive and negative).'”%1°

To assess whether the design and features of CIFAR'’ s research model continue to be based on
current theory and practice for enabling knowledge breakthroughs, aliterature review was
conducted. The review confirmed that the CIFAR research model includes severa features that
are recognized as significant for enabling ground-breaking research. These features include:

Long-term funding support for general research: CIFAR provides researchers annual
funding for general research that is not tied to a specific project (e.g. direct salary support,
teaching relief and support for graduate students and postdoctoral funding). Researchers can
access this funding for up to five years (or longer if the program is renewed) and combine it
with other sources of funding. Recent studies have confirmed that long-term explorative
funding, combined with a variety of funding mechanisms, is better suited to enabling high-
impact original research.? Further, a continuity of funding over the long-term is needed to
develop innovative large-scale interdisciplinary collaborations. % %2

14 CIFAR Website. “What We Do”. Retrieved on March 12, 2013 from: http://www.cifar.calwhat-we-do

%5 Science, Technology and Innovation Council. (2011). State of the Nation 2010 — Canada' s Science, Technology and

Innovation System: Imagination to Innovation — Building Canadian Paths to Prosperity.

16 Aghiona, P. David, P.A. & Foray, D. (2009). Science, technology and innovation for economic growth: Linking policy

research and practicein ‘ STIG Systems'. Research Palicy, 38, 681-693.

7 Aghiona, P. David, P.A. & Foray, D. (2009). Science, technology and innovation for economic growth: Linking policy

research and practicein ‘ STIG Systems'. Research Palicy, 38, 681-693.

18 Conceicao, R. & Heitor, M.V. (2007). Diversity and integration of science and technology policies. Technological Forecasting

& Social Change, 74, 1-17.

¥ Science, Technology and Innovation Council. (2011). State of the Nation 2010 — Canada’s Science, Technology and

Innovation System: Imagination to Innovation — Building Canadian Paths to Prosperity.

2 Heinze, T. (2008). How to sponsor ground-breaking research: a comparison of funding schemes. Science and Public Palicy,

35: 302-318.

2 Lyall, C. Bruce, A., Marsden, W. & Meagher, L. (2013). The role of funding agencies in creating interdisciplinary knowledge.
Science and Public Palicy, 40, 62—71.

2 Kloet, RR., Hessals, L.K., Zweekhorst, B.M., Broerse, JE.W., Buning, T. (2012). Understanding constraints in the dynamics

of aresearch programme intended as niche innovation. Science and Public Policy. First published online December 17, 2012

doi:10.1093/scipol/scs081.
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Facilitated and guided interdisciplinary collaboration: CIFAR’s research programs focus on
“important questions” and the research processis facilitated by CIFAR staff (e.g. regular
meetings) and more formal oversight and advisory mechanisms (e.g. Advisory Committees).
These features correspond with factors identified as contributing to creative research.® The
literature also highlights the challenging domain within which CIFAR works, namely, the
complexity of developing interdisciplinary programs that achieve academic excellence,
escape disciplinary boundaries and fulfil a societal mission. % %

International Collaborations: CIFAR identifies and brings together |eading researchers from
within and outside Canada, as well as providing program support for program members
affiliated with institutions outside Canada. This aso aligns with the findings of the literature
which points to a need to collaborate on a global scale to enhance the quality of scientific
research, to more effectively and efficiently address high-level global challenges, and more
generally to reap the maximum benefit of research activities.

CIFAR, through its research programs and activities, also responds to the need to foster
innovation and provide socia and economic benefits to Canadians by contributing to the
development and attraction of highly-qualified personnel. Training skilled graduates has been
identified as a significant way in which the benefits of research flow to society and foster
innovation. CIFAR contributes to the development of the next generation of researchersin
Canada through its activities in support of early career training. These include the development
of programs for advanced study (winter and summer institutes), the Global Scholars program,
and investments in graduate students and postdoctoral fellows made through funding provided to
their supervising program members and opportunities to attend regular CIFAR program
meetings.

3.1.2 DoesCIFAR align with federal government prioritiesand Industry Canada’s
strategic outcomes?

Key Finding: Support for CIFAR is consistent with federal government priorities related to
support for fundamental research and the attraction, training and retention of researchers as set
out in the 2007 S& T Strategy. These priorities have been reiterated in subsequent Speeches
from the Throne and Federal Budgets. CIFAR’s programs are also in line with Industry
Canada’ s strategic outcomes.

% Heinze, T. (2008). How to sponsor ground-breaking research: a comparison of funding schemes. Science and Public Palicy,

35: 302-318.

% Kloet, RR., Hessdls, L.K., Zweekhorst, B.M., Broerse, JE.W., Buning, T. (2012). Understanding constraints in the dynamics

of aresearch programme intended as niche innovation. Science and Public Policy. First published online December 17, 2012

doi:10.1093/scipol/scs081.

% Lyall, C. Bruce, A., Marsden, W. & Meagher, L. (2013). The role of funding agencies in creating interdisciplinary knowledge.
Science and Public Palicy, 40, 62—71.

% The Royal Society. (2011). Knowledge, Networks and Nations: Global scientific collaboration in the 21st century.
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The Government set its current agenda for supporting science and technology in 2007 with the
introduction of its Science and Technology Strategy (S& T Strategy). Under this Strategy, the
Government outlined its intention to foster three distinct Canadian S& T advantages: an
Entrepreneurial Advantage, a Knowledge Advantage, and a People Advantage.

Historically, CIFAR has been aligned with the Knowledge and People Advantage of the S& T
Strategy.”” The Knowledge Advantage is based on the premise that Canadians must be
positioned at the leading edge of the important devel opments that generate health,
environmental, societal, and economic benefits. CIFAR’ s approach is consistent with supporting
this advantage as it focuses on addressing globally important questions that will lead to advances
that will positively impact Canada and the world. CIFAR provides Canadian researchers the
opportunity to collaborate with leading international researchers and institutions in exploring and
assessing questions of scientific, economic, and social importance to Canada. Further, CIFAR
research programs are externally peer-reviewed every five years to ensure that the programs
continue to conduct innovative and leading-edge research.

The People Advantage is based on the premise that Canada must be a magnet for the highly
skilled people we need to thrive in the modern global economy with the best-educated, most-
skilled, and most flexible workforce in the world. CIFAR is creating such an advantage by
enhancing opportunities for graduates and attracting and retaining highly skilled individualsin
Canadian universities. Specifically, CIFAR reports that each year it attracts into CIFAR
programs 12 exceptional early-career researchers from Canada and internationally?®. (Over the
years, 26% have come from Canada and 74% from other countries.) Thisis recognized in the
2009 Progress Report onthe S& T Strategy which identifies CIFAR as an organisation which
brings together leading researchers from across Canada and around the world to work
collaboratively on complex advanced research.

While CIFAR research is fundamental in nature, it is also making some contribution to
supporting the Entrepreneurial Advantage as it “fuels entrepreneurial innovation through its
international outreach, itsindustrial partnerships, its institutional spin-offs and its ongoing events
and outreach.”® Of particular note are the Institute’ s partnershipsin the areas of nanoelectronics,
computer sciences, machine learning, quantum materials and computing. For example, CIFAR
researchers have developed technology and algorithms that involved collaboration/partnerships
with high-tech firms (e.g. Google) to support potential applications.

% CIFAR's Treasury Board Submission, p.7.

% CIFAR Annua Performance Report 2011-2012, p.51.

» CIFAR (n.d.) A Bold Partnership for Canada' s Future. CIFAR Funding Renewal Proposal 2012-2017.
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Subsequent Speeches from the Throne and Budgets have reiterated the Government’s
commitment to these S& T Strategy priorities and to CIFAR specifically. Some examples of these
references are outlined in Table 2:

Table 2 — Government Support for Fundamental Research/CIFAR

Announcements

Reference to Support for Fundamental Resear ch/CIFAR

2007 Speech
from the Throne

Our Government will support Canadian researchers and innovatorsin
developing new ideas and bringing them to the marketplace through
Canada’ s Science and Technology Strategy.

Budget 2007

In the modern globa economy, the most successful nations are those that
best combine people, skills, new ideas and advanced technologies to create a
competitive edge. Canada must be well positioned to succeed in this new
environment. That’s why we' re making investments to create the best-
educated, most-skilled and most flexible labour force in the world. Budget
2007 takes action on creating a Knowledge Advantage in Canada by
providing $10 million over the next two years to the Canadian Institute for
Advanced Research to help Canadian students and researchers participate in
and lead groundbreaking research on the international stage.

2008 Speech
from the Throne

Our Government understands that advances in science and technology are
essential to strengthen the competitiveness of Canada s economy.

2011 Speech
from the Throne

In order to improve Canada’ s productivity, enhance our economic
competitiveness and increase our standard of living, our Government will
continue to make targeted investments to promote and encourage research
and development in Canada’ s private sector and in our universities, colleges
and polytechnics.

Economic
Action Plan
2012

The Government supports an innovative economy and the creation of high
quality jobs through investments in education and training, basic and applied
research, and the translation of public research knowledge to the private
sector.

Economic Action Plan 2012 proposes $10 million over two years (for
CIFAR) to support linkages between Canadian researchers and leading
international minds.

The Program Alignment Architecture (PAA) for the department shows that CIFAR’s activities
are expected to contribute to Industry Canada s strategic objective of advancements in science
and technology, knowledge, and innovation strengthen the Canadian economy under the program
activity: Science, Technology and Innovation Capacity. CIFAR’s vision, mission and expected
results (see sections 1.2 and 1.6) are consistent with this program activity and strategic outcome.
Further, through its research programs, CIFAR is clearly advancing science and technology in a
number of areas (and being recognized for the quality of its researchersin these areas, see
Sections 3.1.1 and 3.2.2), some of which are leading to innovations that will benefit the Canadian
economy in the future.
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3.1.3 Isthefunding of CIFAR consistent with federal roles and responsibilities?

Key Finding: Support for CIFAR is consistent with federal roles and responsibilities to
encourage the development of science and technology. CIFAR occupies a niche within the
Canadian S& T ecosystem, offering a unigue approach to conducting both basic and applied
research as well as enabling multidisciplinary work and funding for international researchers
and collaboration.

Industry Canada’ s mandate and responsibilities for Canadian S& T activities and policy goals
stems from the Department of Industry Act, 1995, subsections 4(1), and specifically relate to
“science in Canada’. Section 5 states that these responsibilities include encouraging “the fullest
and most efficient and effective development and use of science and technology” as well as
fostering and promoting science and technology in Canada. In addition to this, section 6 of the
Act states that the Minister shall “promote, assist and provide support services for, and
investment in, Canadian industry, goods, services, science and technology”. CIFAR’swork in
research and innovation, as well asits contribution to the development of highly qualified
personnel contribute to the fulfillment of these duties.

The review of literature points to the role of the government in supporting research and
innovation. S& T policy-related documents outlining the rationale for such support were observed
in multiple jurisdictions, including Canada,® the US,*! Australia,* Japan,* the OECD,* and
Europe.® These policy statements and recommendations al identify a key role for direct and
indirect public sector support for research and innovation in order to ensure the country/region
achieves a strong and competitive economy. Additionally, many focused on key priorities, on
excellence, on people, and on “openness’ (including international cooperation and
collaboration).*®

% Government of Canada. (2007 and Progress Report 2009). Mobilizing Science and Technology to Canada’ s Advantage.
Retrieved on March 12, 2013 from: http://www.ic.gc.caleic/site/icge.nsf/eng/h _00231.html; Expert Panel Review of Federal
Support to Research and Development. (2011). Innovation Canada: A Call to Action. Retrieved on March 12, 2013 from:
http://rd-review.ca/eic/site/033.nsf/vwapj/R-D_InnovationCanada Final-eng.pdf/$FILE/R-D_InnovationCanada Final-eng.pdf
% President’s Council of Advisors on Science and Technology. (2012). Report to the President - Transformation and
Opportunity: The Future of the U.S. Research Enterprise. Retrieved on March 12, 2013 from:
http://www.whitehouse.gov/sites/defaul t/files/microsites/ostp/pcast_future research enterprise 20121130.pdf; Board on Higher
Education and Workforce. (2012). Research Universities and the Future of America: Ten Breakthrough Actions Vital to Our
Nation's Prosperity and Security. Retrieved on March 12, 2013 from: http://www.nap.edu/openbook.php?record id=13396

%2 Australian Government. (2011). Focusing Australia’s Publicly Funded Research. Retrieved on March 12, 2013 from:
http://www.innovation.gov.au/Research/Pages/Focusi ngA ustraliasPubliclyFundedResearch.aspx

% Council for Science and Technology Policy. (2010). Japan's Science and Technology Basic Policy Report. Retrieved on March
12, 2013 from: http://www8.cao.qo.jp/cstp/english/basi c/4th-BasicPolicy.pdf

% OECD. (2007). Innovation and Growth : Rational for an Innovation Srategy. Retrieved on March 12, 2013 from:
http://www.oecd.org/science/inno/39374789.pdf

% European Commission. (2010) A Rationale for Action - Europe 2020 Flagship Initiative - Innovation Union. Retrieved on
March 12, 2013 from: http://ec.europa.eu/research/innovation-union/pdf/rationale en.pdf

% European Union. (2012). Report on the 2012 ERAC Mutual Learning Seminar on Research and Innovation Policies. Retrieved
on March 12, 2013 from: http://ec.europa.eu/research/innovation-union/pdf/erac-report-2012.pdf#view=fit& pagemode=none
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While a comprehensive review of the theoretical rationale for public support of S& T is outside
the scope of this review, recent studies® point to a number of rationales used for S& T and
innovation policies, which can influence the objective and type of intervention and policy
instruments that are used. For example, the traditiona (neoclassical) justification for public
funding of S& T isto correct “market failures.” Thisis based on the assumption that firms have
limited incentivesto invest in S& T — particularly basic research — because of the difficulties,
uncertainty and gestational lag (i.e., time from discovery to application) leading to the
appropriation of returns from innovation, which produce a sub-optimal level of innovation.
Moreover, the knowledge (information or technology) produced by research has more value as a
public good rather than as a private good controlled by private interests.®® More recently,
evolutionary theories have been applied to this issue to understand the role and interplay of
public and private support for S& T. These approaches generally adopt a broader perspective in
that they consider that S& T activities provide wider economic benefits than ssimply through the
production of knowledge (information or technology).

Specific to the Canadian context, the importance of government support for basic research was
also clearly highlighted in the Expert Panel Report that reviewed federal support to R&D
(referred to as the Jenkins report):*

The federal and provincial governments play an important role in fostering an
economic climate that encourages business innovation —for example, by
supporting basic and applied research and related training of highly qualified,
skilled people | ....] the higher education and government sectors are key playersin
Canada’ s innovation system and complement the role of business.

The basic research performed by universities and other laboratories generates
disruptive technol ogies that open up whole new industries. [ ....] Given the
foundational role that a strong post-secondary education sector playsin the
Canadian system of innovation, this Panel (like the Expert Panel on
Commercialization before it) urges the government to commit to investing in basic
research at internationally competitive levels, and also to review and modernize
the support for the total institutional costs of research.

The main federal government organizations involved in providing funding and support for
research at post-secondary education institutions are the Canadian Foundation for Innovation
(CFI) and the three granting agencies: the Natural Sciences and Engineering Research Council of
Canada (NSERC), Socia Sciences and the Humanities Research Council (SSHRC), and the
Canadian Institutes of Health Research (CIHR). CFl supports infrastructure for research in all

%" For a comprehensive summary see Laranja, M., Uyarra, E., Flanagan, K. (2008). Policies for science, technology and
innovation: Tranglation rationales into regional policies in a multi-level setting. Research Policy, 37, 823-835.

% Thisis further developed by Aghiona, P. David, P.A. & Foray, D. (2009). Science, technology and innovation for economic
growth: Linking policy research and practicein ‘' STIG Systems'. Research Policy, 38, 681-693.

% Expert Panel Review of Federal Support to Research and Development. (2011). Innovation Canada: A Call to Action.
Retrieved on March 12, 2013 from: http://rd-review.caleic/site/033.nsf/vwapj/R-D_InnovationCanada Final-eng.pdf/$FILE/R-
D_InnovationCanada Final-eng.pdf
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fields while the agencies support research in natural sciences and engineering, social sciences
and humanities, and health, respectively.*® Additionally, there are “tri-agency” programs such as
the Networks of Centres of Excellence (in partnership with Industry Canada), the Canada
Research Chairs Program, and others. Meanwhile, IC's S& T Partnerships sub-activity supports
both organizations that conduct research and those that provide research services (i.e.,
CANARIE, Institute for Quantum Computing (IQC), Ivey International Centre for Health
Innovation, Perimeter, Council of Canadian Academies (CCA)). The sub-activity also includes
several third-party, non-profit organizations that administer funding to “ultimate recipients’,
namely research institutions and researchers (i.e., CIFAR, Genome Canada, Mitacs, Pierre Elliot
Trudeau Foundation). A number of other government departments and agencies al'so have
responsibilities for S& T and innovation-related activities, creating a complex S& T “ecosystem”.

Within the federal ecosystem, CIFAR’s research model is unique and complements programs
offered by other organizations. For example, CIFAR is the only Canadian organization that
offers funding and other types of support to implement a range of research programs involving
interdisciplinary, international teams. The program’s capacity to fund internationally-based
researchers and make them full participants in research projects, as opposed to having to obtain
funding from other sources to participate in work relevant to Canadian priorities, offers greater
engagement within research teams.

CIFAR additionally accommodates a combination of different research approaches (i.e. basic
and applied) and directs the study of awide range of key questions that span health, social and
natural sciences. Facilitating this work are longer timeframes for projects, alowing for morein
depth study and more robust results. In many other cases, collaborative research programs
explicitly target resultsin arelatively short term. For example, NCE Networks are required to
include partnersin other sectors (i.e., federal and provincial agencies, non-governmental
organizations and private sector participants), and the NCE program review criteria specify that
“Networks are expected to generate social and economic benefits by ensuring the rapid flow of
ideas and innovations from researchers to Canadian receptors.”*

CIFAR’s provision of awide range of support services for its research programs, including
governance, networking, knowledge mobilization, communication and the development of new
researchers, is aso unique. For example, the Global Scholars Program (formerly the Junior
Fellow Academy) offers paid fellowships, collaboration and mentorship opportunities with
senior researchers, as well as ongoing participation in annual Global Academy meetings for three
years following the fellowship. Additionally, program members meet in person two or three
times ayear and the associated interaction costs are covered by CIFAR.

“ Dufour, P. (2011). Canada. UNESCO Science Report 2010. UNESCO. Retrieved on March 12, 2013 from:
http://www.unesco.org/new/en/natural -sciences/sci ence-technol ogy/prospective-studi es/unesco-sci ence-report/unesco-science-
report-2010/downl oad-report/

“ NCE. (2012). Program Guide. Retrieved on March 12, 2013 from:
http://www.nce-rce.qc.cal_docs/reports/NCEProgramGuide-GuideProgranmeRCE eng.pdf
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Through these and other actions, CIFAR occupies a niche within the Canadian S& T ecosystem,
offering arelatively unique approach to conducting both basic and applied research as well as
enabling multidisciplinary work and international collaboration.

3.2  Performance
3.21 Towhat extent has CIFAR-supported research contributed to building

interdisciplinary research strengthsin areas of importanceto thelong-term
scientific, economic and social development of Canada?

Key Finding: CIFAR has been successful in selecting and supporting teams that have been
instrumental in helping to build interdisciplinary research strengths. Further, the use and
application of research results is contributing to social and economic impacts. More robust
performance measures are needed to assess the effectiveness of CIFAR’s related knowledge
sharing activities.

CIFAR brings together world recognized scientists and scholars from different disciplines to
consider globally important complex questions that are of direct interest to Canada. The research
conducted through these interdisciplinary collaborations is expected to contribute to the longer-
term scientific, social and economic development of Canada. The potential impact of CIFAR’s
research in these areas is in part dependent on the dissemination and exchange of research
results. As such, three areas were examined: the strength of CIFAR’ s research teams; the extent
to which research results are contributing to social and economic impacts; and the effectiveness
of CIFAR’s knowledge sharing activities.

Strength of CIFAR research teams

The organization’s focus on interdisciplinary research, coupled with its selection process for
research questions, has led to achievements as well asinternational recognition in areas that are
of importance to the long-term scientific, economic and social development of Canada.

Data collected from Essential Science Indicators by Thomson Reuters*? demonstrates that over
the period of 2002-2012, 43.1% of the CIFAR Fellows and Associates were ranked in the top 1%
intheir field, based on citations. In some programs, such as Child and Brain Development
(formerly Experience-based Brian and Biological Development) and Integrated Microbial
Biodiversity, 100% of the senior Canadian researchers are in the top 1%.

The strength of CIFAR’s researchers is further enabled by their capacity to collaborate with
experts around the world across different disciplines. External peer-review panels (see
description of process in section 1.3) have unanimously noted the interdisciplinary strength of
CIFAR'’ s research programs, as well as the high value of the collegial relationships among

42 Retrieved on March 12, 2013 from:
http://thomsonreuters.com/products_services/science/science products/a-z/essential_science indicators/
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researchers from different disciplines. The Social Interactions, Identity and Well-Being Program
Panel in particular noted:

After reading samples of research papers produced by group members and
conducting interviews with them over the span of two days, we agreed that
none of us had ever seen an academic collaboration involving as many
people of such high calibre working so enthusiastically together. The
group’s collegiality and dedication isimpressive in light of its diversity,
which includes scholars from markedly different backgrounds and career
stages.

All nine panels reporting from 2007-2011 indicated that the programs reviewed were successful
and indicated that the research teams led their fields internationally. For example, the panel for
the Genetic Networks program notes that “There is no other group in the world that competes
with the CIFAR Genetic Networks team in the analysis of genetic interactions at multiple levels.
Thisis adefining challenge of geneticsin this century. Canada leads the world in this area thanks
to thisteam, and there is every reason to believe that it will continue to do so if properly
supported.” The panel further notes that the research attracts an extensive number of
collaborators from around the world.

The work of other research programs was deemed to represent “extraordinary achievement” and
to be critical to North American inquiry. Panelsin general suggested that successful research is
reported to further propagate the collaborative and interdisciplinary work that CIFAR seeks to
foster. Interviews echoed this, indicating that CIFAR enables networking among experts that
might not take place otherwise and that the program brings top researchers from around the
world to Canada to meet on the organization’s approved research topics.

This collaborative work is regarded as highly valuable by members, according to the survey
results from the 2010 evaluation and performance audit. CIFAR research in both the natural and
social sciencesis viewed as having high recognition in other countries and it is the program
model, that engages eminent researchers globally, that has afforded the program the international
recognition across different disciplinary fields. Evidence of this recognition is in the number of
awards and honours received by CIFAR members each year. For example, according to the
Annua Performance Report for 2011-2012, CIFAR researchers recelved over 76 prestigious
national or international peer-reviewed awards or recognitions during the year.

I mpact of CIFAR research

CIFAR strives to ensure that its research projects are relevant to Canada through its project
selection process. Specificaly, one of CIFAR'’s criteriafor approving a project is that it must be
expected to lead to “advances that would positively impact Canada and the world.”

The organization’s major achievements, such as discoveries resulting in scientific advances and
innovations, yield evidence that CIFAR-supported research is contributing to positive social and
economic impacts as results are used outside of the research forum. Interviewees indicated that
the research areas of health, cosmology and quantum physics have been strengthened because of
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CIFAR. Further, they indicate that CIFAR’s programs have an impact on scientific, economic
and social development in Canada. For example, the neural interaction model of how the brain
works, created by the Neural Computation and Adaptive Perception Program, led to the
development of the pattern recognition functions that Microsoft is now applying to cell phones
and other commercial applications.

While based in fundamental research, CIFAR does produce intellectual property as well, which
has a direct benefit to Canadain such forms as spin off companies and advancements in health
care. Additionally, some research programs have themselves made an impact in their respective
fields. For example, the Institutions, Organizations and Growth program, launched in 2004, has
made fundamental contributions to the understanding of which features of societies create
environments that are conducive to investment in physical and human capital and R&D, and
what explains the remaining variation in growth rates across countries and over time. The
program is providing important insights into the role of technological progress in explaining the
large variation among nations in levels and growth rates of income per capita.

The Successful Societies program seeks a better understanding of how social relations influence
the capacities of individuals and communities for effective action underpinning collective
development at both the national and local levels. While the Child and Brain Development
program produced major advances in understanding the significance of early childhood
development and how it affects health and developmental outcomes throughout a person’s life.
These findings have potential to significantly impact social policy development in Canada.

CIFAR is dso making some contributions in areas of translating knowledge into commercial
applications. Some examples of this are outlined in Table 3.

Table 3: Examples of Commercialization of CIFAR Research

Program / Progressin Commer cialization

Nanoelectronics

The Nanoel ectronics program has generated pioneering patents based on two new classes of nanomaterials,
periodic mesoporous organosilicas (PMO) and photonic crystals (PC). This work on the PC platform enabled the
creation of Opalux Inc., aU of T spinoff company. Three technology photonic color platforms are under active
product development with strategic industrial partners at home and abroad - user interactive bank notes, full color
dynamic reflective display, security devices and chemical and biological sensors are anticipated to appear in about
ayear.

Neural Computation and Adaptive Perception

The Neural Computation and Adaptive Perception program has, over the last year, started to replace Gaussian
mixture models with the deep neural networks developed by program members because leading speech research
groups a Microsoft, Google and IBM have shown that these networks are significantly more accurate. For
example, the new Android 4.1 uses adeep neura net asits acoustic model and Microsoft has also deployed this
new approach for voice search. Also ateam from this program won the top prize in a contest sponsored by Merck
for using this software to facilitate drug discovery™.

“* New York Times, November 24, 2012, p.1.
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Quantum Infor mation Processing

The Quantum Information Processing program has collaborated with Comdev, a global designer and manufacturer
of space hardware located in Cambridge, Ontario and Institut National d’ Optique (INO) in Quebec City, on optical
designs for ground and space applications. A program member demonstrated a model quantum satellite stemming
from this collaboration at the AAAS 2012 conference in Vancouver. *

Knowledge Sharing

CIFAR'’s contribution to the economic and social development of Canada is enabled through
dissemination and exchange of research results. In thisregard, CIFAR holds a number of events
each year that bring together CIFAR researchers and both public and targeted audiences drawn
from business, government, NGOs and others in an interactive fashion to facilitate knowledge
sharing and to showcase the value of CIFAR’sresearch to society. From 2007 to 2012, CIFAR
organized or co-sponsored 17 knowledge sharing events.

An example of arecent event includes the Annual Symposium: The New Science of Child
Development, held in November 2012. CIFAR and the Royal Society of Canada (RSC)
presented a one-day Symposium entitled The New Science of Child Development, which
explored the multi-faceted factors shaping the health, education, and psychological well-being of
children. Another example is the Knowledge Circle evening held in March 2013. Entitled Why
Nations Fail: The Origins of Power, Prosperity and Poverty, the event featured a debate focused
on an aternative view on why the gap between rich and poor countries around the world
continues to widen.

It is possible to further examine the participation of CIFAR’s program members in knowledge
sharing activitiesin general. For example, CIFAR reports that 162 program members reported
active engagement in knowledge mobilization and public outreach and there were 1,190
invitations to speak at international meetings.* In addition, CIFAR publishes Reach Magazine,
available online, that highlights the accomplishments of CIFAR researchers. The magazineis
published approximately three times annually and has a circulation of over 4,200.

While there is ample evidence of a number of ongoing knowledge sharing activities, it is not
possible to fully report on their effectiveness and impact without additional data. The
development of performance measures designed to capture the impact and value of these events
for participants and users of knowledge sharing mechanisms would assist in the measurement of
CIFAR’s successin this area.

“ CIFAR Program Outcomes, 2010-2011 and 2011-2012
“> CIFAR Annual Performance Report 2011-2012, p.85.
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3.2.2 HasCIFAR’sinternational outreach encouraged closer links between the research
activities of Canadian resear chers and international resear chers?

Key Finding: The degree of international engagement in CIFAR’ s programs increased over
the past five years. During thistime, CIFAR engaged in a number of international outreach
activities including participating in academic forums, conducting international visits and
organizing interactive events. While evidence suggests that these activities have contributed to
the increase in CIFAR’s international reach, additional insight into the effectiveness of
CIFAR’s various outreach activities would require more robust performance measures.

Evidence of closer links between the research activities of Canadian researchers and international
researchers can be found in the demographics of program members. It drew program members
and advisors from 13 countries in 2007 to 16 countries in 2012, representing 29 ingtitutions in
Canada and 75 internationally. Thisinternational engagement is prominent in the composition of
program members, with 39% of members being based internationally and 48% of new members
coming from outside of Canada in 2011-2012.

A total of 99 international members (30% of total members) work at institutions in the United
States. The United Kingdom is the next largest collaborator with 13 researchers (4% of total
members). Other nations have three or fewer program members. CIFAR is aso advised by a
significant proportion of international participants, with 79% of Advisory Committee members
being appointed from other countries.

The program has engaged in international outreach activities through visits to other nations,
collaborative efforts and through participation in academic forums over the past several years.
CIFAR aso engages in Canadian partnerships to better showcase Canada’ s research capacities
and to attract attention on the international stage.

While the program does not collect information to measure the impact of these activities, the
assessment did find some evidence pointing to effective practices. For example, in recent years,
CIFAR set to work at fostering stronger relationships outside of Canada, particularly with India
and China. The program undertook a series of visits to Indian advanced research agenciesin
October 2008, and collaborated with the Institute of Physics (IOP) of the Chinese Academy of
Sciences on athree-day workshop in Beijing in 2010. The workshop brought together seven
researchers from CIFAR’s Nanoelectronics and Quantum Materials programs with their
counterparts at the IOP. A number of 10P researchers have since been invited to attend CIFAR
program meetings, and plans are underway to provide students supervised by both 1OP and
CIFAR researchers opportunities to collaborate in their host laboratories for short visits.

Further, in 2011-12, CIFAR held a number of events aimed at increasing the interaction between
Canadian researchers and their international peers. This included the organization of atwo-day
Sackler Colloquium sponsored by the U.S. National Academy of Sciencesin December 2011 on
the Biological Embedding of Early Social Adversity whose results were published in the
Proceedings of the Academy and featured a number of Canadian researchers. It aso included
significant participation of program membersin the 2012 Vancouver meeting of the American
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Association for the Advancement of Science, with CIFAR partnering with over thirty Canadian
organizations, including federal government departments to highlight Canada’s commitment to
science and innovation.

Additional analysis on CIFAR'’s performance in this area would be made possible by developing
performance measures to track the continuum of activities intended to forge new relationships
and the longer-term outcomes of these activities.

3.2.3 Towhat extent has CIFAR been able to strengthen the preparation, attraction, and
retention of highly-qualified personnel (HQP) in Canada?

Key Finding: CIFAR contributes to the preparation of graduate students and postdoctoral
fellows by involving them in CIFAR programs on asimilar level as program members, and via
the supervision of graduate students and postdoctoral fellows by program members. In many
circumstances, fellows and members are recruited to Canada following their involvement with
CIFAR. The organization has strengthened the attraction and retention of highly qualified
personnel to some extent by offering international collaboration on alevel that is not easily
found elsewhere.

CIFAR amsto build a strong research community in Canada by involving young researchersin
its programs. To this end, CIFAR established its Junior Fellow Academy in 2008, comprising 24
Junior Fellows, now called CIFAR Global Scholars, to support and celebrate gifted young
researchers from different countries. These individuals, mostly based in Canadian universities,
participate in CIFAR activitiesin a similar manner to members including attending research
program meetings, interacting and collaborating with program members, and attending special
events organized by the Junior Fellow Academy.

As of June 30, 2012, eighteen Global Scholar alumni now have full-time positions as university
faculty members or professional research scientists, demonstrating the value of the Academy to
Canada s longer term research effort. Notably, three other alumni were already faculty members
throughout their Global Scholar terms™®. CIFAR notes that some Global Scholar Alumni have
been elevated to program members.

CIFAR additionally supports the development of highly-qualified personnel in Canada viathe
supervision of graduate students. In 2011-2012, CIFAR program members supervised 1,165
graduate students (of which 208 graduated with their Ph.D. during the year) and 449 postdoctoral
fellows". In asurvey of CIFAR members in 2010, over 65% rated CIFAR as having a notable
positive influence on the quality of the training they provide to their graduate students and
postdoctoral fellows™.

6 CIFAR Annua Performance Report 2011-2012

“" CIFAR Annual Performance Report 2011-2012

“8 CIFAR Evaluation and Performance Audit
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Apart from developing young researchers, CIFAR aso seeks to attract and retain highly-
qualified personnel from around the world. CIFAR indicates that 69 program members have
been recruited to Canada since 1982 and 13 since 2007; between 2010 and 2012, seven program
members were attracted to Canada from US universities (e.g. Harvard, MIT and Berkeley) and
seven, who had offers from outside Canada, decided to stay in Canada. While these numbers
may appear low in comparison to CIFAR’s other figures with respect to numbers of researchers,
it isimportant to recognize that these individuals include internationally recognized researchers,
two of whom were awarded Canada Excellence Research Chairs. These individuals are in global
demand and could have obtained positions in other prestigious universities elsewhere. Such
decisions, to come to Canada or to remain here, reflect in part the international image of CIFAR
in the global research community as well as the quality and reputation of Canadian research.
Through CIFAR, researchers are able to forge collaborations that might not otherwise take place,
thereby showcasing Canada s research environment to prospective experts.

Further, according to CIFAR data, 15 Global Scholars were attracted from abroad and were
based in Canadian universities for their fellowship between 2008 and 2012. Over the same
period, 17 Canadians chose to remain in Canada for their Global Scholar appointments.

The 2010 evauation and performance audit found that the CIFAR model of facilitating
interaction between eminent scientists and scholars in regular forums has drawn attention to the
excellence of select groups at Canadian universities. The report suggests that this has been a
factor in the decision of some outside researchers to accept appointments in Canada, or else for
others already working in Canada, to remain.

Interviews conducted for this assessment confirmed this, indicating that CIFAR is akey factor in
retaining and attracting scholars to Canadian institutions, and that it can be arationale for staying
in Canada as it enables international collaboration on alevel that is not readily found el sewhere.
One interviewee specifically stated that the networks CIFAR fosters could not be developed by
academics on their own.

3.2.4 Towhat degree has CIFAR been ableto encourage greater private sector and
provincial government investment in basic resear ch and development activitiesin
Canada?

Key Finding: Over the past five years, funding from provincial governments has decreased.
Revenues have been relatively stable over the past three years as the organization has taken in
more funds from private sources.

A distribution of CIFAR'’s revenue sources over the past five yearsis presented in Table 4. In
brief, CIFAR’s revenues have declined steadily from $20 million in 2007-08 to $13.3 millionin
2011-12. Thisis largely due to a sharp drop in provincial contributions from the peak of $11.3
million in provincia contributions in 2007-08 from a one-time, additional allocation from
Ontario, to $4.1 million in 2011-2012. This decrease may be attributable to the current economic
context where governments (federal and provincial) are looking to reduce their expenditures.
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Table4: CIFAR Revenue Trends 2007-2012 ($000)

2007-2008 | 2008-2009 | 2009-2010 | 2010-2011 | 2011-2012
Federal Government 5,000 5,000 5,000 5,000 5,000
Provincial Government 11,269 6,700 6,555 4,600 4,100
Private Sector 3,001 2,632 2,876 3,079 3,589
I nvestment | ncome 998 1,049 -782 799 647
Ratio - Public:Private 84:16 82:18 80:20 76:24 72:28
Totals 20,268 15,381 13,649 13,478 13,336

With the exception of adight dip in 2008-2009, private sector contributions have been trending
upward over the past five years. This follows a conscious effort of the program to increase its
funding ratio of public-private contributions from 80:20 to 70:30. Private sector contributions,
ranging from $2.6 million to $3.6 million, have come from avariety of different sources (asis
evident in Table 5). However, this increase in contributions from the private sector, and the
corresponding shift in the ratio of public-private contributions, does not represent an overall
increase in financia resources for the organization. While Table 4 shows that this target ratio has
almost been achieved, thisis more due to the decrease in provincial revenues than the increase in
private sector revenues.

Table 5: Details of Private Sector Revenue Trends 2007-2012 ($000)

2007-2008 2008-2009 | 2009-2010 | 2010-2011 2011-2012
Corporations 1,002 914 804 958 519
Foundations 1,074 1,130 1,116 991 1,491
Individuals 605 566 750 642 544
Other contributions 320 22 206 487 1,035
Total 3,001 2,632 2,876 3,078 3,589

It is also important to note that not al private sector revenue sources have been trending upward.
Revenues contributed by corporations fell from a high of $1.2 million in 2008-2009 to $0.52
million in 2011-2012. Over that same period, foundation contributions grew from $0.8 million to
$1.49 million and individual donations ranged from $0.5 million to $0.8 million, partially
offsetting the drop in corporate revenues. Other contributions, including donations made through
campaigns and sponsorships, have varied significantly ranging from alow of $22,000 in 2008-09
to a high of over $1.0 million in 2011-12.

CIFAR has made an effort to increase the contribution of corporations, but this has proven to be

adifficult task*. The decreases in corporate contributions since 2008-09 may be attributable to
the economic downturn. The OECD reported in September 2012 that R& D investment by the
private sector world-wide has decreased since that time™. CIFAR has determined that

“9 CIFAR Evaluation and Performance Audit, 2010. p. 38.
% OECD Science, Technology and Industry Outlook, September 2012,
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corporations are looking for greater brand awareness and public recognition for their support and
the organization is responding by creating more opportunities for corporations to interact with
researchers working in areas that overlap with corporate interests.

3.2.5 Istheddivery of research programs by CIFAR effective and efficient?

Key Finding: The use of athird-party organization to deliver research programs of the type
supported by CIFAR is an effective delivery mechanism. Further, the cost comparison study
shows that CIFAR’s “virtual model” is cost-efficient when compared to the more traditional
models used by other advanced research organizations.

The effectiveness and efficiency of the delivery of research programs by CIFAR was assessed at
two different levels: the effectiveness of using a third-party delivery mechanism; and the cost-
efficiency of CIFAR’svirtual delivery model compared to more traditional delivery models.

Effectiveness of Third-Party Delivery

Through the Science Partnership Directorate, Industry Canada manages federal contributionsto a
number of arms-length organizations to deliver on the government’s commitments as set out in
the S& T Strategy. The effectiveness of using CIFAR to support networks of Canadian and
international researchers was assessed against the following criteria and principles for the use of
foundations™': capacity to provide independent, non-partisan decision-making; capacity to enable
the application of a peer review process; and capacity to provide guaranteed funding over the life
of multi-year projects.

CIFAR isgoverned by a Board of Directors, composed of individuals from Canadian business,
research and professional communities. An assessment of CIFAR’s governance structures,
conducted as part of the 2010 evaluation and performance audit of CIFAR, concluded that the
Board is of high quality and provides CIFAR with a good corporate culture, and strong
experience and capability to draw upon. Thistype of independent, non-partisan decision-making
IS seen as necessary to effectively support CIFAR’s mission of framing and answering complex
scientific, social and economic questions. Further, interviews with government officials noted
additional advantages to this model of governance, which include the capacity to bring strong
regional and sector-specific expertise to decision making and the opportunity for high-profile
individuals to speak publicly about the benefits of the organization’ s work.

Scholarly peer review is generally viewed as essential to assess research quality and excellence
throughout the research process. CIFAR has two mechanisms for peer review. The Research
Council has a broad mandate to regularly monitor the overall direction and quality of the
research programs and provide advice to the President. Aswell, using a more formal peer-
review process, an externa review of each program areais conducted after four years. CIFAR,

*! Relevant criteria were selected from the 2007 Evaluation of Foundations (KPMG) prepared for the Treasury Board Secretariat,
including the principles for the use of foundations as outlined in Budget 2005.
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largely because of its established relationships with relevant business, scientific and professional
communities can effectively identify and draw on the direct experience and knowledge of
expertsin relevant fields.

Finally, each CIFAR research program is established for afive-year (renewable) term. Stable
funding is necessary to support the long-term nature of fundamental research, which often takes
severa years to produce significant advances. Aswell, multi-year funding enables more
thorough planning and assessment of research programs, provides stability for ongoing
collaboration amongst team members, as well asincreasing the ability of younger scholarsto
develop their research capacity through sustained interactions with more established scholars.

Cost-Efficiency of Delivery Model

While CIFAR maintains a head office in Toronto, Ontario and a staff of approximately 35 to
support its programs, the research model used is“virtual” in nature. The term "virtua" refersto
the fact that CIFAR does not have a physical location to house its researchers, asis the case for
most other Canadian research ingtitutes. In applying the virtual model, CIFAR develops a
network of eminent researchers from different national and internationa institutions who remain
at their home ingtitutions. CIFAR then facilitates and supports interaction and collaboration
amongst the researchers through in-person meetings.

In other programs of advanced research, the approach is different - researchers come to an
ingtitute and conduct research collaboratively. In comparison to this more traditional model,
CIFAR'’ s approach provides a high level of peer group interaction for the researcher, while
allowing universitiesto retain their best and brightest. It isa cost-efficient approach, in that the
amount that CIFAR paysto its researchersisrelatively small, and leverages other sources of
funding available to the researcher.

While CIFAR’s model is unique both nationally and internationally, comparisons with other
advanced research organizations could nonetheless be instructive for assessing cost-efficiency.
The three organizations examined as part of the cost study each support |eading-edge research
and depend on non-government sponsors to varying degrees for financing their operations (see
Appendix E for details). An assessment of total expenses compared to non-program related costs
was conducted across these organizations. In 2012, CIFAR'’ s proportion of non-program
expenses was four to nine percent lower than that of the institutes with more traditional research
support models.

Audit and Evaluation Branch 29
Evaluation of the Canadian Institute for Advanced Research
April 2013



40 CONCLUSIONSAND RECOMMENDATIONS

4.1 Conclusions
Relevance

There is a continued need for publicly-funded fundamental research as a means to foster
innovation and to provide social and economic benefits to Canadian society. CIFAR
responds to this need by delivering large-scale research programs designed to achieve
knowledge breakthrough and activities in support of the attraction and development of
highly-qualified personnel.

The program is consistent with federal government priorities related to support for
fundamental research and the attraction, training and retention of researchers as set out in the
S&T Strategy. In addition, CIFAR’s programs are aligned with Industry Canada's
departmental strategic outcomes.

Support for CIFAR is consistent with federal roles and responsibilities to encourage the
development of science and technology. CIFAR occupies a niche within the Canadian S& T
ecosystem, offering a unique approach to conducting both basic and applied research as well
as enabling multidisciplinary work and funding for international researchers and
collaboration.

Performance

CIFAR has been successful in building interdisciplinary research strengths in areas of
importance to the long-term social and economic development of Canada. These research
strengths are evident in the results achieved by the organization’ s researchers aswell asin
the national and international recognition inherent in the many awards they have received.
However, assessing the effectiveness of knowledge sharing activities would require more
robust performance measures.

International engagement in CIFAR’s programs has increased. This has been achieved
through a practice of drawing new members and advisors from different countries and
engaging in international outreach activities. Additiona insight into the effectiveness of these
activities would require more robust performance measures.

CIFAR has strengthened the preparation, attraction and retention of highly-qualified
personnel in Canada by involving graduate students and post-doctoral fellows in its programs
aswell as by attracting and retaining high-calibre researchers in different disciplines to work
and remain in Canada.

Over the past five years, funding from provincial governments has decreased. Revenues have
been relatively stable over the past three years as the organization has taken in more funds
from private sources.
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Employing athird-party organization to deliver research programs of the type supported by
CIFAR is an effective delivery mechanism. Further, the cost comparison exercise
demonstrated that CIFAR’s “virtual model” is efficient when compared with more traditional
models used by other advanced research organizations.

4.2 Recommendations

Recommendation 1: The Science Partnerships Directorate should work with CIFAR to enhance
their Performance Measurement (PM) Strategy. Particular attention should be placed on
developing additional performance measures to better capture the effectiveness of CIFAR'’s
activities and outputs with a view to assessing intermediate and longer term outcomes.

Audit and Evaluation Branch 31
Evaluation of the Canadian Institute for Advanced Research
April 2013



