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Abstract

Canada’s research policy over the past three decades has steered national science toward industrial
innovation. Yet, the outcomes of this policy orientation are debatable. Macro-level indicators continue
to show weak performance in firm innovation, and there is also evidence that this policy stance has
had material effects on science at the meso and micro levels. If so much public investment has gone
into harnessing university—industry collaborations for a substantial period of time, why has Canada
not seen an uptick in innovative activity? To address this puzzle, we turned our gaze to the policy ma-
chinery that promotes academic-industrial collaboration. We carried out case studies of two long-
standing federal programs supporting research and development activities between universities and
industry. Both programs are administered by the Natural Sciences and Engineering Research Council
of Canada (NSERC), Canada’s largest funder of natural sciences and engineering research. Drawing
from multiple sources of data, we find that underneath the apparently successful implementation of
these programs lies a misalignment between micro- and meso-level incentives for collaboration, and
macro-level policy goals related to technological innovation and economic renewal. Our article makes
two main contributions. First, it calls into question the escalating federal investments in university—
industry partnership programs, as long as their ability to meet operational milestones remains the
main source of evaluation. Second, it demonstrates the relevance and need for the literature to go be-
yond a focus on narrow technical questions at the micro level, and address broader questions about
the purpose, goals, and beneficiaries of university—industry collaboration policy.
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1. Introduction

Canadian research policy has since the 1980s been reoriented to-
wards promoting university—industry partnerships, with the goal of
stimulating technological innovation. The 1980s and 1990s were a
particularly pivotal time for policy making: the federal government
increasingly stressed the importance of research and development
(R&D) for Canada’s industrial base and productivity and also put
forward new funding schemes to increase the number of university—
industry partnerships and private-sector investments in R&D (e.g.
Fisher et al. 2001; Atkinson-Grosjean 2006). Some scholars have
argued that such measures showed ‘the government’s intention to tie
future growth in research funding to private sector involvement’
(Fisher et al. 2006: 79).

Currently, the federal research councils harbor multiple pro-
grams for R&D partnerships. The Natural Sciences and Engineering
Research Council of Canada (NSERC) is the country’s largest fund-
er of natural sciences and engineering research and has promoted
university—industry collaborations since its inception in 1976
through grants (Doern et al. 2016). Such grants have supported proj-
ects ranging significantly in scope and budget, from one researcher
working with one company to large networks spanning academics
and firms across Canada (Sa and Litwin 2011). The proliferation of
these programs signaled a repositioning of academic science around
an innovation agenda (Fisher and Rubenson 2010; Doern et al.
2016). Yet, the macro-level outcomes of this long-term policy orien-
tation are far from clear. Canada remains a relative underperformer
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in industrial innovation, and some indicators show a deterioration
of the country’s standing in this area in recent years (Council of
Canadian Academies 2018).

Nonetheless, this policy stance has had material effects on aca-
demic science at the meso and micro levels. Superimposing short-
term innovation objectives onto research has entailed trade-offs
within funding agencies between research fields and types of scientif-
ic activity. However, the budgetary allocations of research councils
have a direct impact on academic science: what research gets
funded, how investigators design projects, and who they partner
with depends on the incentives available. An assessment of funda-
mental research supports in Canada has recently identified an ero-
sion in field-initiated research over the past decade, which resulted
from policy choices about the science budget and its distribution
across the federal portfolio of science funding programs (Advisory
Panel for the Review of Federal Support for Fundamental Science
2017).

The literature on the subject tends to investigate how public pol-
icy changes the dynamics and outcomes of university—industry col-
laborations. Questions usually asked concern whether government
programs succeed in increasing interactions between universities
and firms, whether companies that engage with universities are
more innovative, and whether and how industry engagement
changes the character of academic science (Poyago-Theotoky et al.
2002; Perkmann and Walsh 2009; Bruneel et al. 2010; Perkmann
et al. 2013). Our study takes a step back and considers how specific
programs inducing university—industry partnerships articulate cer-
tain logics concerning the drivers and outcomes of such linkages.
These logics are also articulated in relation to broader macro-level
policy objectives, which need to be considered in accounts of what
these policy instruments accomplish.

It is against the background of the persisting puzzle of Canadian
underperformance in innovation and the ongoing policy objective to
address it through closer university—industry partnerships that we
carried out a study of the Strategic Partnership Grants for Projects
(SPG)' and the Collaborative Research and Development (CRD)
programs. These programs are important for multiple reasons. With
roots in the critical policy years of the 1980s, they are two of
NSERC’s oldest initiatives for university—industry collaborations.
The expansion of such targeted funding schemes has been a focus
for NSERC: the CRD program, in particular, has been referred to as
‘one of the “centerpieces” or “pillars” of NSERC’s strategy to build
university-industry partnerships for innovation’ (Science-Metrix
2010: 9).

What are the logics guiding the design and implementation of
these programs? How do they facilitate university—industry partner-
ships? Who are their main users? Our case studies of the CRD and
SPG programs addressed these questions at the meso and micro lev-
els through an analysis of program documentation, funded project
data, and interviews with principal investigators (PIs) of funded
projects. Our analysis reveals a significant policy misalignment at
two levels. First, at the micro level, the incentives these programs
create for firms and universities to collaborate are not tightly
coupled to broader policy objectives. Second, at the meso level, there
is a critical misalignment between the overarching aims of develop-
ing new innovative firms and the reality that large incumbent firms
in traditional economic sectors prevail as users.

This policy misalignment has important implications for Canada
and other countries adopting similar programs. In Canada, we argue
that collaboration programs such as the ones investigated in this

article create transaction costs for scientific activity, but without
meaningfully addressing their innovation objectives. More generally,
the policy misalignment identified here is likely not unique to these
Canadian programs. As other countries have sought to harness sci-
ence for industrial innovation, instruments for university—industry
collaboration have become more common. While a voluminous lit-
erature dealing with such initiatives exists, it tends to emphasize the
assessment of program outcomes without questioning them, or yet
critically examining the ideas guiding them.

2. Literature review

With the emergence of policy instruments to incentivize collabora-
tions between academics and firms, scholars have explored various
factors that contribute to positive outcomes. Government support
for R&D is typically justified from an economic perspective: subsi-
dies address market failures that lead to persistent private under-
investment in R&D (Hall and Lerner 2009). Through this lens,
increases in private R&D effort and outputs are optimal outcomes,
and studies on the economics of R&D investigate these effects at the
national or regional level (Czarnitzki et al. 2007; Zaniga-Vicente
et al. 2014). Studies at the firm level ask different questions, seeking
to explain the relationship between government subsidies and
corporate decisions on R&D and whether they complement or sub-
stitute private spending (David et al. 2000; Wallsten 2000; Zaniga-
Vicente et al. 2014; Engel et al. 2016).

However, despite the multiplication of instruments for university—
industry collaboration, there is no systematic evidence available con-
cerning their effectiveness, both in Canada and beyond: ‘[w}]hile some
policy instruments have been extensively studied, other more trad-
itional ones instead seem to be taken for granted. .. or at least are not
subject to rigorous study’ (Martin 2016: 164). The notion of success
also depends to a great extent on what is being measured (Perkmann
et al. 2011). In many cases, success has been attributed to a blend of
‘soft” factors, including alignment of objectives, mutual trust, and
how the project is managed (Barnes et al. 2002; Bruneel et al. 2010).
On the flipside, that means that bureaucracy, inflexibility, and lack of
understanding about culture and norms in academia and industry
pose barriers to effective work (Siegel et al. 2003). Because evalua-
tions typically concentrate on program management issues rather than
the causality of the intervention and intricacies of the partnership, [i]t
is only possible to generate a set of general lessons for the design and
implementation of collaborative support instruments’ (Cunningham
and Gok 2012: 39).

Generally, the thrust of government programs to stimulate uni-
versity—industry partnerships is to increase their numbers. In fact,
the mere existence of such initiatives is taken as evidence of stronger
ties between the sectors in much of the literature. However, scholars
caution that the assumption that ‘more is better’ might be misplaced,
as differentiating the conditions under which partnerships generate
both academic and industrial benefits is critical to minimize failure
(Perkmann et al. 2013). The diversity of university—industry ties and
their objectives requires policy makers to consider different strat-
egies (D’Este and Perkmann 2011). These engagements are steeped
in nuance, but understanding their subtleties may lead to a more ef-
fective balance between academic and commercial interests.

While there is general agreement that public subsidies for collab-
orative R&D are worth pursuing, relatively little work scrutinizes
the logics behind these programs: What causal relationships are
assumed to exist between the program and desired outcomes? How
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are those relationships reflected in program design and implementa-
tion? As Martin (2016) points out, effective policies bring about
some change in the actors, their behavior, and their interactions
among themselves and with their wider environment. Implicitly or
explicitly, some ‘theory” of who the actors are, how they behave,
and how they will respond to incentives created by policy should in-
form program design. To address this gap, we employ an ideational
approach to policy analysis to frame our study.

3. Conceptual approach

Generally defined, ideas are causal ‘beliefs held by individuals or
adopted by institutions that influence their attitudes and actions’
(Emmerij et al. 2005: 214). Different types of ideas shape public pol-
icy, from broader ‘worldviews’, ‘paradigms’, and ‘norms’ that influ-
ence what is seen as legitimate and appropriate, to more specific
“frames’ employed to make policies politically acceptable, and ‘pro-
grammatic ideas’ offering guidelines for solving a problem in ways
that were considered successful in the past (Hall 1993; Stone 1996;
Campbell 2002). Such paradigms and worldviews can limit alterna-
tive strategies to policy making because the cause-and-effect rela-
tionships are deemed tested and irrefutable, even in the face of
competing evidence (Campbell 2002: 22-3).

We draw on the concept of programmatic ideas to tease out the
actual content of instruments for university—industry collaborations.
For policy makers, such ideas provide a familiar framework for how
future programs should be implemented, with a ‘taken-for-granted’
causality from intervention to outcome. Seen through this lens, CRD
and SPG programs embed causal theories that explain how their
activities will lead to intended outcomes.

To better understand their logics, we distilled NSERC’s existing
and nearly identical CRD and SPG logic models (Science-Metrix
20105 R. A. Malatest and Associates Ltd. 2012) into a framework
that fleshes out the programmatic ideas (Figure 1). The frameworks
include action and change models, such as those used in the program
evaluation literature (as per framework by Chen 2015), that illus-
trate the causal chains between the policy tool and final outcomes.

From the perspective of the research council, the success of these
programs involves aligning incentives among universities, industry,
and government partners. At the micro level, the models assume
that the key incentive for academic researchers is new knowledge
and technologies that can be shared with partners and the scientific
community. Grants are expected to foster enduring linkages with
firms that contribute positively to research, teaching, and institu-
tional reputation. For industry, the key incentive is the reduction of
the financial risk of R&D. The incentive for government partners is
to gain knowledge that strengthens evidence-based decision-making.
For participating graduate students, post-doctoral fellows, and re-
search staff, incentives include gaining technical skills that will pos-
ition them well for future employment.

At the meso level, the participation of different segments of firms
and researchers in these programs relates to a number of environ-
mental factors influencing universities and industry, including the
state of the funding environment, market conditions, and firm strat-
egies. For example, firms are subject to competitive pressures rang-
ing from rapid changes in the technological landscape to
fluctuations in product demand. Firm strategies are formulated ac-
cordingly to reflect priorities and the best ‘defence’ going forward,
which may influence their participation in collaborative R&D
(Porter 1979).

At the macro level, the university—industry programs operate
within a greater innovation ecosystem. The ecological context
depicted in Figure 1 highlights the wider trends shaping the pro-
grams and their outcomes. In the aggregate, these programs are con-
strued as tools to address the ‘commercialization gap’ and help
bolster the innovation performance of domestic firms. This ‘com-
mercialization gap’ has constituted an important piece of the larger
narrative on Canada’s national economic performance for more
than 30years: it describes the inability of Canadian firms to com-
mercialize the results of research and cross the chasm between the
laboratory and commercial markets (Expert Panel on Business
Innovation 2009; Science, Technology and Innovation Council
[STIC] 2015).

4. Methodology

4.1 The cases

We identified two ‘critical’ cases for this study (Patton 2001), which
were likely to provide rich information about the logics behind fed-
eral supports for university—industry collaboration. The SPG and the
CRD programs are two of NSERC’s oldest initiatives for university—
industry activities and were adopted from the National Research
Council (NRC) in 1978 and 1983, respectively (R. A. Malatest and
Associates Ltd. 2012; NSERC 2016). The SPG program has since
supported research areas considered vital to the national interest
(Wilks 2004: 22), and the CRD program was established as a signifi-
cantly enlarged legacy initiative from the NRC, with matching funds
from industry as a new criterion for participation (NSERC 2016).
Our two cases are established funding schemes with substantial
growth over the years. Figure 2 shows the annual funding since
1991, the earliest year for which public data are available. The allo-
cation to the programs nearly doubled from C$67 million in 1991-2
to C$119 million in 2015-16 (NSERC 2017a). The funds paid out
to CRD-supported projects have increased steadily, while disburse-
ments for SPG projects have fluctuated, experiencing a sharp decline
after 2010, thus putting the current annual allocations on par with
the levels in the early 1990s.

The CRD and SPG programs share conceptual and design ele-
ments: in both cases, a small number of researchers work with their
industrial or government counterparts to create new knowledge and
technologies. Table 1 provides an overview of their key features.

4.2 Approach

Programs were analyzed using mixed methods drawing from several
sources of data. To identify programmatic ideas, we drew on pro-
gram documentation including logic models, annual reports, and
evaluations commissioned by NSERC. To assess the impacts of the
programs at the meso level, or the relevant research community, we
examined data on funded projects, including program investments
in terms of amounts spent and the nature of funded work since the
early 1990s. We drew from NSERC’s awards database, which con-
tains a rich data set with a combined total of 23,146 entries for
CRD and SPG grants, going back to the 1991 competition year.
Each entry represents funds disbursed on a 1-year or multi-year
grant, alongside basic information, including the PlIs, organizational
affiliations, amounts disbursed per year, partners’ names, and brief
project descriptions. We extracted the raw data and built a data set
for analysis.>> When used in comparisons, all funds were converted
to constant 2015 Canadian dollars.
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Note: Authors’ adaptation from NSERC's program logic models (Science-Metrix 2010; R.A. Malatest and Associates Ltd. 2012).
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Figure 2. Total disbursements on active grants for CRD- and SPG-supported projects, in 2015 constant C$. (Source: NSERC's awards database.)
Note: Authors’ calculations based on total amounts given out each year and the number of active grants.

To obtain a micro-level perspective of these programs, we exam-
ined the experiences of participants representing a sample of 27
funded projects (16 CRD and 11 SPG grants, reflecting the overall
size and number of funded projects in each program). These were
nested units of analysis within each case, which allowed a window
into how the programmatic ideas relate to actual practice. Together,
the projects reflect work conducted with small as well as large or
multinational industrial partners operating, among others, in

telecommunications, agri-food, forestry, and automotive and electron-
ics manufacturing. To understand the origins and development of
these projects, we interviewed both academic researchers and indus-
trial partners. Nine academic researchers were interviewed from four
universities across Canada, representing a range of disciplines—
including physics, chemistry, biology, materials science, and
engineering—and varied levels of experience with the programs.
There was a balance in seniority and experience with the programs
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Table 1. Overview of NSERC’s CRD and SPG university—-industry partnership programs. Amounts in Canadian dollars (Sources: NSERC

2016, 2017a,b,c.)

CRD

SPG

Rationale Promote well-defined projects between university and non-academic researchers

Improve application and dissemination of knowledge
Enhance competitiveness, productivity, and job creation
Help trainees/researchers gain technical skills needed by user organizations

Project duration 1-5 years (average 2-3 years) 1-3 years
Grant amount (per year) $10,000-$500,000 $30,000-$200,000
Average annual amount (2015-16) $85,322 $162,508
Success rate (approximate) 80% 20%
Project types Projects with short- to medium-term Early-stage research with benefits to
objectives Canada’s economy, society and/or envir-
onment within 10 years
Matching funds Cash/in-kind contributions > NSERC In-kind contributions
requirements from industry amount

Partner cash >50% of NSERC amount

Targeted areas Not defined

Advanced manufacturing

Environment and agriculture

Information and communications
technologies

Natural resources and energy

among our interviewees: five were senior researchers and four were
mid-career faculty, and they ranged from having participated in one
to five CRD and/or SPG grants. The four industrial partners inter-
viewed represented two small private firms and two public
companies—all with science-based products and services, but serving
different markets. Two businesses work in clean technologies, one
firm operates in the agri-food sector, and the fourth firm works in
advanced materials and manufacturing. All representatives had either
direct experience with the programs or were knowledgeable about
how their firms deliver NSERC projects.

All participants were interviewed for 30-60 min, during which
they were asked questions about their experiences and impacts on
R&D activities. The interviewees were asked to describe the motiva-
tions for the projects, the specific benefits accrued to the firm or the
research group, how their relationship evolved afterward, and how
their involvement influenced the direction of their R&D activities. In
terms of benefits, we probed a range of outcomes, such as the creation
of new knowledge and products, access to increased funding for re-
search, or ideas for research and teaching. In terms of challenges, we
inquired about potential issues, including intellectual property nego-
tiations and the balancing between basic and applied research. The
interviews were coded, and the themes related to our research ques-
tions were extracted and added to the quantitative data to ascertain
how the logics driving the programs translate to practice.

5. Results

Our analysis points to misalignments at the micro and meso levels
between the ideas driving the programs and the incentives at play
for academic researchers and industry partners, which culminate in
the displacement of macro-level policy goals. Below we examine our
findings at each level of analysis.

5.1 Micro-level misalignments
Our project-level evidence indicates that firm and university partici-
pants see both benefits and constraints in collaborating that are

generally consistent with the literature (Siegel et al. 2003). Benefits
for industrial partners include: risk reduction in R&Dj access to
new knowledge and promising research contributing to new or
improved prototypes, products, and processes; access to expertise,
techniques, and equipment; scientific credibility; and recruitment of
talent (see Supplementary Table S1). The programs allow smaller
firms to access research that helps elucidate the fundamental aspects
of their product or process. Without these schemes, acquiring the ex-
pertise and equipment that come with the university partners would
be difficult and cost prohibitive. Academic researchers also recog-
nize that benefits are generated in these programs, including new
publication streams, intellectual property in the form of invention
disclosures and patents, financial support for further research and
trainees, exposure of trainees to industry, and positive impact on
teaching (see Supplementary Table S2).

Nonetheless, despite these perceived benefits, the nature of the
Canadian industry determines the potential for partnerships. The pro-
grammatic ideas guiding CRD and SPG programs do not reflect the
reality of Canadian firms’ limited engagement in R&D, and program
requirements actually create constraints for both firms and univer-
sities. While several researchers recognized the broadening of their re-
search scope and new ideas arising from partner-driven projects as
positive outcomes, some also acknowledged that the system would
have the potential to generate better results if the program design
matched the realities of partner firms. Low awareness among partners
about program requirements and financial matching conditions also
serve as barriers to participation (Table 2). In terms of creating endur-
ing partnerships (as predicted by program theory in Figure 1), partici-
pants report mixed outcomes. While some relations endure, others are
relegated to the background depending on priorities of participants.
Usual frictions also appear around intellectual property negotiations
and the traditional tensions between fundamental research (e.g. dis-
semination of results through literature) and applied work (e.g. se-
crecy and suppression of results to maintain a competitive advantage).

These difficulties influence how projects are designed and carried
out. Participants express skepticism about not only the outcomes
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Table 2. Micro-level misalignments

Misalignments

Sample quotations from interviewees

Expectation of industry engage-
ment vs. variations in aware- demic researcher)
ness about programs and their

requirements

I’d say it’s very hard [finding partners]. .. It’s not like you can’t find them. But it’s not trivial. (aca-

[Olne of our. .. biggest challenges [is] to identify industry partners that would be interested in part-
nering with us in a way that sort of works with our research programs. (academic researcher)

[T]he big companies are actually very aware. In fact, they have someone specialized who usually

works on tapping into all these government programs. They really know how to work the system.

(academic researcher)

I have to provide a lot of education. I have to provide detailed program requirements and guide them

in writing letters of support. (academic researcher)

Matching requirements as indica-
tion of commitment vs. disin-
centive for participation

CRD’s fatal flaw is the fact that you need matching cash from industry[.] Requiring cash contribu-
tions to move forward with projects that require long-term is difficult because the time to go to a
commercial application is typically 15 years. (academic researcher)

[W]e had [an SPG], and we wanted to continue it with a CRD grant. . .but the company at that point
became less interested because they would have to provide cash. (academic researcher)

Mixed outcomes on the quality

of relationships researcher)

It varies. Some companies are actually interested and have ongoing relationships. (academic

The relationship was not sustained. The company was lukewarm about the outcomes because it was

something that they didn’t pay for and that was tangential to their activities. (academic

researcher)

from partnerships but also rationales for engaging in the work. Two
faculty members in applied fields where partnerships with industry
are usual questioned the ‘genuineness’ of SPG applications that de-
mand the creation of sufficiently compelling ‘stories’ and the demon-
stration of ‘direct involvement’ of firms. This is especially the case
when businesses are not obliged to put in cash contributions and
thus may not have strong interest in the results. An individual in a
leadership position at a firm remarked on the significance of the
work in generating new knowledge about the underlying technol-
ogy. But when asked about potential applications, the interviewee
acknowledged:

[1]f it’s really really applied, the companies will just do it them-
selves. [In] my view, the university shouldn’t be in the business of
doing things that are really applied. .. [BJut what I view these
programs as doing is bridging an industry need where they don’t
understand something that has impact on their research and de-
velopment, product development, product performance...and
the university that can help them understand that need.

Hence, while grants are recognized as valuable financial incen-
tives for collaboration, major and minor obstacles to collaborative
work remain in the design and execution of the projects.

5.2 Meso-level misalignments

Additional misalignments at the meso level further shape the effect-
iveness of these programs. The first misalignment identified in our
analysis relates to the broader funding environment, which appears
to be a major incentive for researchers’ participation in university—
industry programs. The second relates to the intended vs. actual
private-sector participants: large firms are overrepresented in a large
number of projects, potentially crowding out smaller entrants. Each
misalignment is described in more detail below.

5.2.1 State of the funding environment
Our analysis shows that the SPG and CRD programs have mobilized
a large number of academic researchers, supporting a total of 4,482

PIs over 25 years (Figure 3).* The CRD program, in particular, has
continued to engage more and more researchers whose numbers
have gone up in tandem with the steady increase in program funding
(shown in Figure 2).

However, these programs do not operate in a vacuum; their rela-
tive attractiveness to scientists is related to the broader funding port-
folio of the research councils. An important driver for researchers’
engagement in these programs is the erosion of NSERC’s budget for
fundamental work (Advisory Panel for the Review of Federal
Support for Fundamental Science 2017). NSERC’s Discovery Grants
are the premier source of funds for basic research in the natural sci-
ences and engineering; they provide operating funding for faculty to
support their laboratories and trainees. Figure 4 illustrates the dis-
parity in the amounts disbursed through NSERC’s various grants
since the turn of the century. The average annual Discovery grant
paid out to active researchers has been on a downward trend for
25 years, to the point where the mean annual installment to grantees
in the 2015-16 fiscal year (C$33,359) is well under the going rate
for one postdoctoral stipend (C$44,000) (Mitchell et al. 2013: 20).
Put simply, Discovery Grant holders usually need to find supplemen-
tary sources of funding to support operations.

These trends were front and center in the decision-making pro-
cess of the investigators interviewed for this study (refer to Table 3).
The academics highlighted the ability to attract and retain trainees
as an important benefit. Figure 4 suggests that, for some professors,
CRD and SPG grants can provide two to five times more support
per year than the basic Discovery Grant. Since CRD and SPG have
not been supported with additional budgetary allocations, they have
in effect steadily squeezed support for fundamental science within
the research council. This has created a dependence among research-
ers on grants directed by industry-driven problems to supplement
their lab operations. Indeed, some researchers frequently re-apply to
these programs for additional support. A scan of the database shows
that over the past 25 years, 29% of participating PIs have received
funds for 5 or more years through these programs, potentially offer-
ing sizeable supplements to baseline funding and influencing how

academic scientists frame their research agendas.
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Figure 3. Number of academic project leads listed on active grants annually. (Source: NSERC's awards database.)
Note: Authors’ calculations based on total amounts given out each year and the number of active grants.

$180,000

$160,000

$140,000

§120,000

$100,000

$80,000

$60,000

$40,000

$20,000

2000-01 2001-02 2002-03 2003-04 2004-05 2005-06 2006-07 2007-08 2008-09 2009-10 2010-11 2011-12 2012-13 2013-14 2014-15 2015-16

B CRD (average)

SPG (average) w Discovery (average)

Figure 4. Average installments given out to active holders of CRD, SPG, and Discovery grants, in 2015 constant C$. (Source: NSERC's awards database.)
Note: Authors’ calculations based on total amounts given out each year and the number of active grants.

The SPG stream, which doles out significantly larger support per
researcher, funds narrow research questions in line with federal prior-
ity areas. Such programs have recently come under criticism from the
research community because their increases have helped ‘reduc[e]
available support for independent, investigator-led research by front-
line scientists and scholars’.’ An engineering professor and past SPG
grant holder remarked about the ethical dilemma that scientists face
when applying for SPG grants—and increasingly other funding
streams—that put the onus on researchers to work within the confines
of a small number of fields. While academics strive for a balance

between the fundamental and applied fronts, they recognize that their
freedom to pursue research without a receptor has become severely
limited. One electrical engineer well versed in these partnerships ela-
borated on the trade-offs generated by the current funding structure:

[It’s] easy to see things that are present. .. But the things that we
lost are harder to figure out... There’s now heavy emphasis on
doing innovation. .. It looks good for the government, for the
university. But are we losing sight of some things that are more
long-term, that, you know, don’t have an immediate company re-
ceptor right away. .. I mean even the basic scientist hopes that
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Table 3. Challenges related to the funding environment and participation in university—industry programs

Challenge Sample quotations from interviewees

Declining grants for fundamental

research Discovery Grant. ..

[I]f you see a benefit, in general, for having a postdoc involved in your group, it’s very hard to do [that] with a
It’s the thing that seeds everything. So, the challenge was that the seed money was very

small, and it was disappearing for some people. But when you took that Discovery Grant envelope and split it
up for all the researchers, the amount per researcher really hasn’t changed, and everything else has. So, the
buying power is very low. (academic researcher)

There’s no other really funding mechanisms in NSERC. The Discovery [Grant program] is too small. So, if you
want to fund a project, then all of the projects need a partner from industry. (academic researcher)

Emphasis on thematic
areas in university—industry researcher)

programs

Also, because the SPG has defined area of work. ..

[It’s] unprecedented in the world to pigeonhole researchers in this manner [in the SPG areas]. (academic

[S]ometimes they could be very limiting too. .. [S]ome areas

get overemphasized and some really exciting areas are not part of this list. (academic researcher)

Re-directing of research
search into a certain direction. .

If the funding came with no strings attached, I would probably do things different. But simply, it forces your re-
. How my sort of career and research ha[ve] evolved over the past 25 years
has been shaped quite heavily as to. .

.where funding flows from. (academic researcher)

Because of these grants and lack of other kinds of funding then, the research becomes more oriented to innov-

ation-type projects. . .

[T]he application on the commercialization could be five years, ten years from now. ..

It’s not immediate but it gears the research away from really fundamental topics. (academic researcher)

When we set up a project with the university, we’re designing and looking at problems that are important to us

in a way that is important to us. ..

I mean an ideal CRD is not independent. (firm representative)
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Figure 5. Number of partners listed on active projects every year. (Source: NSERC'’s awards database.)
Note: SPG projects had no partners listed on projects in the awards database prior to the 1996-97 fiscal year.

the knowledge will somehow impact society, but the mechanisms
that are now in place to enable that might make it very difficult
to do that kind of work.

5.2.2 Private-sector participants in university—industry partnerships:
Who benefits from the programs?

NSERC promotes its research partnership programs as a way to ‘boost
private-sector R&D and commercialization’. Small- and medium-sized
enterprises (SMEs) are expected to ‘use partnerships to scale up’, while

larger firms are expected to ‘access disruptive ideas necessary for new
growth’ (NSERC 2015). Over the past 25 years, nearly 3,300 organiza-
tions were listed as partners on CRD projects, and over 2,200 were
involved as partners on SPG grants. Since academics must seek non-
academic organizations to apply, the rise in partners is concomitant with
the number of participating faculty and funding patterns (Figure 5).
With so many partners embedded in the system, the question is:
Who are the main users of these programs? While over 97% of
Canadian companies are small with fewer than 250 employees
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Table 4. List of partners involved in the largest number of funded CRD projects

Partner * = foreign

Value of government funds
subsidiary in which partners were involved
(constant 2015 C$)

Number of years listed Number of academic

as partner on projects leads involved

1 Hydro-Québec $55.4 M
2 Syncrude Canada $34.2 M
3 Bell Canada $34.0 M
4 Consortium for Research and $26.2 M
Innovation in Aerospace in Québec
5 Bombardier $24.5 M
6 General Motors Canada* $23.8 M
7 Shell Canada™ $23.0 M
8 Teck Resources $22.6 M
9 FPInnovations $21.8 M
10 Nortel Networks $21.6 M
11 Suncor Energy $19.7 M
12 Xstrata* $18.0 M
13 Imperial Oil* $18.0 M
14 Environment Canada $17.9M
15 Resolute Forest Products* $14.7 M
16 Barrick Gold Corporation $14.6 M
17 IBM Canada* $14.6 M
18 Vale Inco* $14.0 M
19 National Research Council $13.7M
20 Husky Energy $13.4 M

25 126
24 30
21 97
11 63
22 71
23 71
21 37
24 49
9 49
20 93
23 34
25 47
25 101
23 107
18 24
20 29
23 57
8 44
21 35
22 12

Note: Firms operating in Canada’s natural resources and energy sector are presented in italics.

Authors’ calculations based on total amounts given out each year. Double counting of public funds may occur when multiple partners participate in projects.

We have simplified our analysis by assuming that all subsidiaries and affiliates fall under the same parent companies regardless of when the subsidiary was

acquired or the merger occurred. (Source: NSERC’s awards database.)

(Organisation for Economic Co-operation and Development 2015),
the data suggest that companies with the largest resources also ef-
fectively tap into more NSERC grants, potentially crowding out
new entrants or at the expense of small, innovative firms the pro-
grams purport to support. Table 4 highlights organizations listed in
multiple CRD projects that collectively have garnered the largest
amounts of funding since 1991.°

Although Canada’s policy discussions consistently emphasize the
need to enhance the competitiveness of SMEs, and so do NSERC
program materials, these data show a dichotomy between the small-
est and largest companies. Clearly, investment in collaborative proj-
ects has overwhelmingly benefitted firms in Canada’s traditional
industries, including oil and gas, metals, minerals, energy, and for-
estry. Large incumbent firms in these sectors are overrepresented
among program participants. In fact, 12 out of top 20 non-academic
partners operate in natural resources and energy, a sector that has
driven Canada’s economic growth in recent decades. The remainder
of the companies is other large Canadian firms or subsidiaries of
well-established foreign companies.

An even higher degree of concentration of few large incumbent
firms participating in these programs becomes evident when considering
mergers, acquisitions and joint ventures. The firms in natural resources
and energy sectors often engage in joint ventures to pool resources—
and as our data demonstrate—to also tap into government funding. For
example, multiple records show work involving some of the largest
Canadian oil and gas companies. Syncrude Canada, ranked second on
our list, is one of the largest Canadian oil sands operations (Syncrude
Canada Ltd. 2017). It is a joint venture, with a majority share owned
by Suncor Energy (ranked 11th among top CRD partners), and one-
quarter controlled by Imperial Oil (ranked 13th on the CRD list).

Hence, corporate conglomerates boasting tremendous private
assets continue to rally large numbers of researchers—despite the
fact that these programs are intended to encourage the participation
of high-technology SMEs. Larger firms are also more likely to par-
ticipate multiple times in these programs. For instance, 3M Canada,
Suncor Energy, General Motors of Canada, IBM Canada, and
Syncrude Canada were all among the companies identified as part-
ners in CRD projects for nearly every year over the 25-year span.”

What do these patterns mean? In some cases, what we see is the
return of industrial partners and their sub-divisions to the program
for concurrent or sequential work for a variety of projects.
Interviewees pointed out that meso-level factors such as research
orientation of firms, firm strategies, and market conditions may im-
pact small and large firms differently with profound impact on pro-
ject outcomes (Table 5).

One can argue that given the heft of the large or multinational
firms in terms of their reach and resources, these projects can pro-
vide only incremental benefits for them. For example, C$1.8 million
in government funds were injected into projects with Bombardier as
a partner in the 2015-16 fiscal year. While funds do not flow direct-
ly to the company, Bombardier is expected to invest an equivalent
contribution in these projects. But the equivalent investment repre-
sents only 0.08% of Bombardier’s entire global R&D spending of
C$2.3 billion in 2015 (Research Infosource 2016). Arguably, this is
an insignificant fraction in the context of their worldwide
operations.®

On the other hand, while one would expect these projects to con-
stitute a more meaningful fraction in the context of R&D budgets of
SMEs, some small firms are ambivalent about the ‘materiality’ of
the grants to their business strategy. Interviewees commented on the
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Table 5. Misalignments between programmatic ideas and the context of participating Canadian firms

Misalignment

Sample quotations from interviewees

Innovation orientation of
Canadian industry limits do-
mestic interest in R&D
partnerships

The American companies are usually a lot better to work with. . . They are actually interested in the
research. .. Canadian companies tend to, especially the large ones, tend to have more the attitude of:
‘Well, do you have a final product for me?’ (academic researcher)

[Wle end up interacting with the R&D divisions, which might not actually be fully located in Canada.

There might be people from the US, and. . .they pursue long-term research. But the Canadian bits tend

to be much less research-oriented. (academic researcher)

Large firms over-represented in
projects but less clear impacts

When we’re working with this [large firm], I have no idea quite often what they do with that research. ..
All their product development [is] closed. We would do one piece of development, we would give

them results. .. We have no idea if they ever use it. (academic researcher)
These programs] make a significant difference to small companies, the kind that have the capacity to
prog g p pacity
grow. [A large company] can grow from 100 to 103, but the growth from one employee to six

employees is significant for small companies. (firm representative)
But one of the big challenges that [small companies have] is that [they] don’t have access to cash. (aca-

demic researcher)
Scope of projects funded vs. firm
strategies and market
conditions

All the commercialization would have happened through [the firm] and so, some of this was tied in with
[their] overall plans. .. So, if [the business| wasn’t going in that direction right away, then the resour-
ces for [the firm] are moved in other directions. (academic researcher)

But because the work [in a CRD] tends to be fundamental. .. [T]he ultimate outcome is that it’s going to
increase our R&D productivity 20% in 5 years. That’s really hard to justify spending a lot of time and
energy. . .when you also have this other urgent near-term thing[.] (firm representative)

[Our project with this particular university] was about to get converted into a CRD, but the business
shifted, and there was no longer a need for the research. (firm representative)

shifting priorities of young high-tech firms that must remain agile in
response to market trends. In some cases, by the time the projects
come to a close after 2-3 years, the participating firm has already
changed direction and may not have the capacity or the need to
apply the project outcomes. Some researchers also remarked about
the firms’ ‘lukewarm’ reception to results, particularly in the case of
SPG-supported work that does not require businesses to partially
fund the research.

While the SPG program explicitly encourages government agen-
cies as partners in an effort to strengthen evidence-based policy mak-
ing, the extent to which public agencies partake in this program is
surprising: we identified one-half of the 20 most active partners as
other federal and provincial ministries or agencies (refer to
Supplementary Table S3). Canada has a large ‘intramural’ system of
research conducted across the various government agencies that is
substantially larger than the government spending dedicated to
‘extramural’ research carried out in higher education. Our findings
suggest that the SPG program has effectively been used as a vehicle
for intra- and extramural collaborations for the past two decades.

5.3 Macro-level misalignment

The broader policy goals of the programs are articulated in terms of
technological innovation and national firm competitiveness.
However, the programs treat science and innovation as proximate
activities, conceptually and practically, thus effectively operating
with an incoherent theory of change. The programs re-purpose sci-
ence funding mechanisms to assess innovation potential of the pro-
posed projects, assuming that the usual procedures used for
scientific research can reliably nurture innovation in aggregate. This
is reflected in grant timelines, the nature of the work funded, and re-
view processes. For example, the processing of grant applications
may take up to 6-8 months for CRD and SPG programs, respective-
ly. In the meantime, partners signed on to the project may evolve be-
cause they operate in a competitive marketplace where directions

shift rapidly. In addition, one of the most important criteria for the
adjudication of applications is ‘scientific merit’ (NSERC 2014).
Since the programs emphasize ‘originality and quality of research’, it
puts the onus on peer review to assess science through the lens of
private-sector needs and make predictions on discoveries most suit-
able for translation into commercial breakthroughs. An electrical
engineer spoke poignantly about the ‘convoluted role” of the peer re-
view in these programs:

[The peer review| speaks more about the individual and the topic
but doesn’t speak to the impact on the company. This is a dis-
jointed process looking at a narrow segment of the whole process.

Our review of project summaries available in the CRD and SPG
database revealed a prevalence of collaborations that are more funda-
mental in nature, which is corroborated by statements from interview-
ees on the type of work conducted (Table 6). Although these activities
produce knowledge that is important in creating or improving new
products, they do not address their putative commercialization objec-
tives. Even when couched in the context of industrial problem solving,
funded projects tend to look at narrow questions within the scope of a
larger applied problem. The SPG program takes on work that is scien-
tifically riskier, permitting the exploitation of results within a 10-year
horizon. But even with more generous timelines, further development
and investment would be needed. Hence, academics return to pro-
grams for ongoing funding for projects in a manner that mimics seek-
ing funding for fundamental research.

6. Discussion

There are clear mismatches between the programmatic ideas guiding
the design of the SPG and CRD programs and the underlying prob-
lem of industrial innovation in Canada. Hence, this affects who
these programs serve, what R&D they support, and how these
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Table 6. Amalgamation of science and innovation

Sample descriptions of the work carried out in funded projects

[It’s] definitely more on the research side. .. But it’s kind of like doing R&D with the company. . .. [If] you really wanna push a product to market and
you’re really building prototypes, there are actually loans [and other programs] to the company. (academic researcher)

[For CRD], [t]he science has to be there. Does that science have a timeframe for implementation, and is there potential for the company to move it to
a Technology Readiness Level 3? [For SPG,] it doesn’t have to be even Technology Readiness Level 1. (academic researcher)
[A]ll of these projects that Pve worked on under these two programs, I would say it’s five to ten years out. . . If successful, it will still take like several

years of development at least to turn it into a product. (academic researcher)
I would say that [projects| flow from NSERC Discovery to SPG to CRD. .. So, those would still be fairly early [on the innovation spectrum]. (academ-

ic researcher)

Whatever is done through CRD is scientifically risky. When it gets closer commercially[,] further work is needed. (firm representative)

programs operate. Our findings call into question the wisdom of on-
going and growing investments in these programs within the port-
folio of science funding agencies. Further, considering the global
dissemination of policy prescriptions for university—industry part-
nerships, our findings are relevant to other countries like Canada
that are relative underperformers in industrial innovation and seek
to redress this situation through similar initiatives.

The Canadian experience shows that the outcomes of the federal
repositioning of science policy since the 1980s have been unsatisfac-
tory in commercializing the results of research that would strengthen
Canada’s global standing in innovation (STIC 2015). Lodged at the
core of the country’s research funding system, the CRD and SPG
programs are inspired by the notion that narrowing the gap between
academia and industry can reverse the underinvestment by firms in
R&D. While the logics suggest that financial incentives will induce
academic scientists to work with their industrial counterparts, our
analysis highlighted misalignments between programmatic ideas and
the problems these programs seek to address.

This disconnect is evident at the micro level, as a recurring issue
among academics is finding partners willing to engage in R&D part-
nerships, and especially partners willing to invest financial assets in
projects. Even when partners are found, cultural differences cited in
other studies on university—industry partnerships are also experi-
enced (Bjerregaard 2010; Bruneel et al. 2010). The appeal of these
programs has been partly due to concurrent reductions in funding
for basic research across Canada’s main research agencies.
Investigators view partnership programs in the context of a zero-
sum game in the availability of research funding, and they rational-
ize research agendas around program requirements. They strive to
balance partnership goals with their interest in fundamental ques-
tions, even in cases where industry-oriented grants exceed grants
dedicated to basic research.

In addition, it is not clear that long-term program outcomes are
systematically traced. Without mechanisms in place to track the use
of research results over time, it is difficult to verify the lasting out-
comes desired by the programs. In particular, how are long-range—
rather than one-time—increases in business investment in R&D
stimulated among a wide range of firms as a result of these policy
instruments? Do they have an impact on Canada’s lackluster track
record in the commercialization of scientific discoveries? In fact,
macro-level indicators have shown Canada’s position in business
expenditures on R&D largely unchanged over the past two decades.
Thus, programs have continued to invest in an important, albeit
small piece of the innovation continuum, while expecting Canadian
industries to adopt the results and subsequently bear the risk of
commercialization.

What differentiates these initiatives from business supports
under the direct oversight of federal ministries is the extent to which
they were embedded into the bureaucratic structure of one of
Canada’s largest science funding agencies whose primary function is
the support of research (as per NSERC Act 1985). One-third of
NSERC’s total C$1.2 billion budget is currently allocated to innov-
ation and partnership programs. The policy orientation advanced by
these programs has thus implications for academic science. The
growing exposure of academic research to industry is thought to
shape research efforts, thus diminishing the impact of established
scientific sources and influencing the direction of science in the long
term (Hottenrott and Lawson 2014). Private-sector involvement
generates a ‘skewing problem’, in which scientific ideas and strat-
egies are influenced by the funding source. Considering these effects
and the state of the funding environment more broadly, our study
suggests a pattern of ‘loose steering’: the programs for university—in-
dustry collaboration redirect attention in the scientific community
to applied problems, mainly by constraining choices over research
support. NSERC’s continued promotion of these funding streams
over the past 30 years has normalized the rationale and mechanisms
of these programs in the conduct of science. This has been accompa-
nied by greater private-sector involvement on selection committees
tasked with deliberating on research projects that merit public funds
(Polster 1998). Such new ‘rules’ have legitimized factors such as eco-
nomic impact, ‘utility’, and the quality of the partnership with in-
dustry alongside scientific excellence as criteria for assessment.

This ‘loose steering’ toward industrial relevance is also based on
unrealistic assumptions about the links between academic science
and innovation. The program design does not capture the gaps that
exist between university research and innovation in industrial set-
tings. These programs conflate these activities and underestimate the
extent to which they are separate processes following different logics
and incentives. The logics severely undervalue the complexity, time,
know-how, and costs associated with the transfer, use, and adoption
of those results by partners. Participating companies must therefore
carefully consider impacts on profitability and growth, on custom-
ers, as well as the urgency assigned to the problem within their stra-
tegic priorities.

On the whole, these programs that aim at growing Canadian-
based innovative companies have attracted large firms in traditional
industrial sectors. Not only are large corporations overrepresented
but also resource-intensive sectors and government agencies are
overpopulated among the most active partners. This illustrates a di-
lemma that academic scientists face when engaging with industry:
most Canadian R&D takes place in a relatively small number of
large corporations with the expertise and capacity to interact with
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universities. As academic scientists lead these projects, they seek out
partners with the resources to commit to collaborative R&D proj-
ects. ‘Receptor capacity’, or the ability to implement project results,
is an important factor in evaluating both CRD and SPG applica-
tions. Arguably, ‘brand recognition’ and the presumed capacity
expected from large firms along with the size of their commitments
may hold sway in awarding projects, with unfamiliar or smaller
firms without a track record within the research council system
drawing more scrutiny during the review. While individually the
decisions to pursue large corporations make sense, the aggregate ef-
fect of these choices is an overwhelming emphasis on large, incum-
bent firms in traditional industries or government agencies. They
potentially monopolize public funds at the expense of innovative
new companies, which are expected to contribute to the diversifica-
tion of Canada’s natural resource-dependent economy (Brookfield
Institute for Innovation and Entrepreneurship 2016; Innovation,
Science and Economic Development Canada 2016).

The concentration of public funding on projects linked to a small
number of well-resourced firms whose commitments may be immaterial
relative to their expenditures on R&D globally, prompts questions
whether the awarding of these grants contributes to corporate rent-
seeking behavior (Tullock 1967). Debatably, the most desirable goal be-
hind these programs is to create social and economic benefits based on
public investments in research, but given the paucity of data on long-
term outcomes, we cannot gauge the private and public benefits derived
from projects. It is also difficult to assess the ‘opportunity costs’ associ-
ated with the allocation of funds to projects promoted by incumbent
firms rather than smaller new entrants (Tollison 2012).

7. Conclusion

This article argues that the specific programmatic ideas guiding pol-
icy enticing industry to work with universities need greater scrutiny.
Such ideas have governed the design of a wide range of programs
around the world to address private-sector underinvestments in
R&D. However, the Canadian cases illustrate that it is not sufficient
to question only the outputs of such initiatives. They also demon-
strate that the fundamental ideas and design elements behind estab-
lished and well-accepted forms of incentive programs encouraging
industrial-academic work warrant more detailed analysis.

Our study of two critical partnership programs adds to the evidence
that the positioning of university research as a foundation for innov-
ation may have had unintended micro- and meso-level consequences on
Canadian science, with uncertain outcomes for firms. At the micro
level, participating researchers and firms encounter ‘operational
barriers’—ranging from intellectual property negotiations to well-
known tensions between basic and applied research—that hamper pro-
ject execution and potential outcomes. The main meso-level drivers
related to the funding environment and firm strategies demonstrate the
need to address broader questions about the actors’ motivations and
goals in collaborations. For instance, overall funding trends in Canada
have incentivized researchers to seek support through university—indus-
try programs, but such mandated steering certainly has implications on
researchers’ attitudes toward these projects. Our study further suggests
the importance of contextualizing these collaborative projects within a
firm’s overall business strategy, which has a profound impact on the
adoption of results. Mandating science funding agencies to nurture
technological innovation is not exclusive to Canada, and some of the

issues raised here are relevant in other countries. This includes a poten-
tially fruitful line of assessment research that examines program design
elements as variables shaping research and innovation outcomes, con-
sidering the diversity of relevant policies in place.

Notes

1. NSERC provides funding for two types of strategic grants:
Strategic Partnership Grants for Projects (SPG-P) and the
Strategic Partnership Grants for Networks (SPG-N). In this art-
icle, we use SPG as an abbreviation for SPG-P.

2. While NSERC also supports large-scale networks of research-
ers and organizations working in targeted areas through its
SPG-N, our study focused on Strategic Partnership Grants for
Projects that, like the CRD grants, typically involve a small
number of researchers per project.

3. CRD-supported projects in our analysis include all grants
labeled as ‘Collaborative Research and Development Grants’
and ‘Collaborative Research and Development Grants—
Government (H)’ in NSERC’s awards database.

4. The CRD and SPG programs have funded 3,549 and 1,791 PIs,
respectively, with 858 PIs participating in both programs since
1991.

5. This criticism was captured in the nationwide review of federal
government programs for science (Advisory Panel for the
Review of Federal Support for Fundamental Science 2017: xi).

6. All research council funds flow to the academic researchers; no
funds are permitted to be transferred from the university to the
partners, but the partners are expected to benefit from the
work conducted under the grants.

7. These firms also represent some of the largest R&D spenders in
Canada. The Canadian industry invested C$15.5 billion on R&D
in 2015, but C$12.8 billion (82.6%) were spent by a group of
100 companies (STIC 2015; Research Infosource 2016). Many
such corporations are also represented on our list of most active
partners, including Bombardier, IBM Canada, Suncor Energy,
and Imperial Oil.

8. Similarly, that percentage is 1.5% for Suncor Energy (global
spending was C$200 million in 2015) and 0.2% for Blackberry
(global spending was nearly C$600 million in 2015).

Supplementary data

Supplementary data is available at Research Evaluation Journal online.
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