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The Council of Canadian Academies
Science Advice in the Public Interest

The Council of  Canadian Academies (the Council) is an independent, not-for-
profit corporation that supports independent, science-based, expert assessments 
to inform public policy development in Canada. Led by a 12-member Board 
of  Governors and advised by a 16-member Scientific Advisory Committee, the 
Council’s work encompasses a broad definition of  “science,” incorporating the 
natural, social, and health sciences as well as engineering and the humanities.

Council assessments are conducted by independent, multidisciplinary panels of  
experts from across Canada and abroad. Assessments strive to identify emerging 
issues, gaps in knowledge, Canadian strengths, and international trends and 
practices. Upon completion, assessments provide government decision-makers, 
academia, and stakeholders with high-quality information required to develop 
informed and innovative public policy.

All Council assessments undergo a formal report review and are published and 
made available to the public free of  charge in English and French. Assessments 
can be referred to the Council by foundations, non-governmental organizations, 
the private sector, or any level of  government.

The Council is also supported by its three founding Member Academies:

The Royal Society of  Canada (RSC) is the senior national body of  distinguished 
Canadian scholars, artists, and scientists. The primary objective of  the RSC is to 
promote learning and research in the arts and sciences. The RSC consists of  nearly 
2,000 Fellows — men and women who are selected by their peers for outstanding 
contributions to the natural and social sciences, the arts, and the humanities. 
The RSC exists to recognize academic excellence, to advise governments and 
organizations, and to promote Canadian culture.

The Canadian Academy of  Engineering (CAE) is the national institution 
through which Canada’s most distinguished and experienced engineers provide 
strategic advice on matters of  critical importance to Canada. The Academy is an 
independent, self-governing, and non-profit organization established in 1987. Fellows 
of  the Academy are nominated and elected by their peers in recognition of  their 
distinguished achievements and career-long service to the engineering profession. 
Fellows of  the Academy, who number approximately 600, are committed to ensuring 
that Canada’s engineering expertise is applied to the benefit of  all Canadians.
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The Canadian Academy of  Health Sciences (CAHS) recognizes individuals 
of  great achievement in the academic health sciences in Canada. Founded in 
2004, CAHS has approximately 400 Fellows and appoints new Fellows on an 
annual basis. The organization is managed by a voluntary Board of  Directors and 
a Board Executive. The main function of  CAHS is to provide timely, informed, 
and unbiased assessments of  urgent issues affecting the health of  Canadians. The 
Academy also monitors global health-related events to enhance Canada’s state 
of  readiness for the future, and provides a Canadian voice for health sciences 
internationally. CAHS provides a collective, authoritative, multidisciplinary voice 
on behalf  of  the health sciences community.

www.scienceadvice.ca 
@scienceadvice
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Message from the Chair

Over the past several decades, both employment and economic growth in Canada 
have been strong. In fact, Canadians enjoy one of  the highest standards of  living 
in the world. Our post-secondary education sector is world leading, both in terms 
of  scientific contributions and well-trained graduates. However, just below the 
surface of  this economic and social prosperity lie some troubling trends. Canadian 
GDP per capita remains roughly only 80 per cent of  the U.S. level, Canadian 
labour productivity growth lags behind that of  the United States and many other 
countries, and Canadian innovation is generally deemed sub-par.

Since industrial research and development (IR&D) is an important contributor to 
the innovation process, it is not surprising that it has been a source of  perennial 
concern for Canadian policy-makers. This concern led to the formation of  the 
Expert Panel on the State of  Industrial R&D in Canada. The Panel examined the 
best available data and academic literature to assess the state of  IR&D in Canada. 
Over many deliberations, the Panel struggled both with data limitations and the 
challenge of  understanding the complex relationships between IR&D and other 
indicators of  academic research, innovation, productivity, and standard of  living. 
It is here where I think the Panel’s work is most important and interesting, yet 
also the most incomplete. We have identified key areas for further study, which 
we hope will be taken up by others. While this assessment has been challenging, 
I am confident the final report clearly assesses the state of  IR&D in Canada, and 
will serve as an important baseline for evaluations and decisions going forward.

On behalf  of  my colleagues on the Expert Panel, I would like to thank the 
reviewers who took the time to critique this report to ensure it was balanced and 
evidence-based, featuring useful analysis for its Sponsor.

Finally, the Panel and I could not have produced a report of  this calibre without 
the assistance and intellectual contributions of  Council staff  under the expert 
guidance of  its President, Elizabeth Dowdeswell.

Kathleen Sendall, C.M., FCAE 
Chair, Expert Panel on the State of  Industrial R&D in Canada
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Executive Summary

Industrial R&D (IR&D) is the private sector’s investment of  time and resources 
in the development of  new ideas, technologies, and processes to promote business 
performance and create better products. IR&D also contributes to meeting 
pressing social challenges, ranging from development of  new medical treatments 
to mitigation of  environmental impacts to changing the ways in which Canadians 
work together. The returns on investments in IR&D can be high for the firms 
undertaking it, the economy at large, and, in particular, the region in which the 
IR&D takes place.

IR&D and innovation are not synonymous. IR&D consists of  any scientific research 
or technology development undertaken by Canadian businesses. Innovation, on 
the other hand, is a broader concept that can be defined as “new or better ways 
of  doing valued things.” IR&D is a critical driver of  innovation, which, in turn, 
plays an important role in catalyzing productivity gains across the economy, thereby 
stimulating wealth creation and improving living standards for all Canadians. 
The historically low rate of  investment in IR&D in Canada compared to other 
countries is one of  the key factors that also accounts for the consistently wide gap 
in productivity growth between Canada and the United States.

CHARgE TO THE PANEL

For most of  the 20th century, and now into the 21st, Canadian policy-makers have 
attempted to craft policies to better promote IR&D and innovation in Canada. 
Understanding the current state of  IR&D is critical to effective policy development. 
In 2011 the Minister of  Industry, on behalf  of  Industry Canada, asked the Council 
of  Canadian Academies (the Council) to respond to the following charge:

What is the current state of  industrial research and development (IR&D) 
in Canada?

• What are Canada’s industrial R&D strengths? How are these strengths 
distributed by sector and geographically across the country? How do these 
trends compare with what has been taking place in comparable countries?

• In which scientific disciplines and technological applications are our relative 
strengths most aligned with Canada’s economic strengths/industry needs?

• What are the key barriers and knowledge gaps in translating Canadian 
strengths in S&T into innovation and wealth creation?
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The Council assembled a panel of  14 leading experts (the Panel) with a diverse 
range of  professional and academic expertise. The Panel’s focus was R&D 
undertaken by, or at the direction of, Canadian businesses (i.e., IR&D). This 
assessment complements the Council’s 2012 assessment of  Canada’s S&T strengths, 
primarily as embodied in the research efforts in Canada’s higher education sector 
and in government.

ASSESSINg THE STATE OF IR&D IN CANADA

Assessing the state of  IR&D in Canada is a complex undertaking. The Panel 
examined measures of  IR&D inputs (expenditures and personnel), outputs (patents 
and scientific publications), and outcomes (rates of  innovation and other economic 
outcomes). The Panel’s detailed analysis of  patenting and scientific publication 
patterns at the industry level is the first of  its kind in Canada. In addition, the 
Panel identified and assessed Canada’s IR&D strengths based on selected measures 
of  magnitude and intensity, impact and quality, and trends.

THE STATE OF IR&D IN CANADA

The Canadian business sector invests relatively little in IR&D compared 
to peers abroad, although some industries are highly IR&D intensive by 
international standards. The first part of  this finding is consistent with previously 
published studies, and continues to be troubling given Canada’s persistent record 
of  relatively low productivity growth. Most significantly, the low level of  IR&D 
investment suggests that IR&D is not the principal strategy followed by many 
Canadian firms in maintaining their competitiveness. Expressed as a share of  
GDP, IR&D expenditures in Canada are now roughly half  the U.S. level and 
declining. Several Canadian industries, however, show higher IR&D intensities 
than those of  other G7 countries. These include communications equipment 
manufacturing, office and computing machinery manufacturing, coke and refined 
petroleum products manufacturing, and pulp and paper.

The IR&D intensity gap between Canada and the United States is largely 
driven by Canada’s low IR&D intensity in the manufacturing sector. 
The relatively large share of  the Canadian economy accounted for by natural 
resource industries has almost no impact on this gap. Instead, some of  Canada’s 
high-technology manufacturing industries, such as semiconductor and computer 
equipment manufacturing, form a smaller share of  the economy in Canada 
than in the United States. This smaller size drags down the manufacturing 
sector’s aggregate IR&D intensity. The declining share of  these high-technology 
manufacturing industries in the Canadian economy in recent years has further 
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exacerbated this effect. While a relatively high degree of  foreign ownership may 
act to lower IR&D in some industries, such as motor vehicle manufacturing, it is 
unlikely that this fully explains the overall picture in Canada.

Many industries that traditionally do not spend as much on IR&D have 
either increased or maintained their IR&D expenditures and intensity in 
recent years in Canada. Some of  these industries reflect Canada’s traditional 
comparative advantage in natural resources, such as oil and gas extraction and 
pulp and paper manufacturing. The dominant source of  competitive advantage 
for these industries is not development of  new technologies. Rather, it comes from 
the rapid adoption of  new ideas and technologies, which is facilitated by IR&D 
investment in these industries.

IR&D in Canada is relatively personnel intensive and less capital intensive 
when compared to other countries. Although Canada’s rank by IR&D intensity 
is low among OECD countries, the share of  the population employed in IR&D 
places Canada in the middle of  the pack. Implicitly, the labour costs of  Canadian 
IR&D personnel are low in comparison to other countries. Expenditures on capital 
equipment to perform IR&D are also proportionately lower. The full implication 
of  these findings is unclear and warrants further study.

Fewer large firms undertake IR&D in Canada than in highly IR&D-intensive 
countries. The average size of  firms performing IR&D in Canada is smaller 
than in other countries, and the share of  total IR&D performed by smaller 
firms has increased. The relationship between IR&D expenditures and firm size 
is complex: IR&D intensity tends to be lower in larger firms, but larger firms 
are more likely to perform IR&D. Although it may be encouraging that smaller 
firms are undertaking relatively more IR&D, this could be holding back Canada’s 
overall IR&D performance. There are economies of  scale in IR&D, and larger 
firms may be needed to take the successes of  smaller firms to a broader market.

Canada has the 12th highest rate of patents granted in the world, and 
the impact of Canadian patents is relatively high. Canada is responsible for 
1.1 per cent of  patents filed in Europe, Japan, and the United States, and around 
4 per cent of  the world’s scientific journal articles. Canada also accounts for a 
relatively large share of  world patents in pharmaceuticals and medicines (drugs), 
and communications technologies. Canadian industry patents are cited in other 
patents about 20 per cent more than the world average, suggesting a relatively 
high impact on development of  related technologies.
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Canadian firms report relatively high levels of innovation compared to 
firms in other countries. According to a series of  innovation surveys in Canada 
and abroad, Canadian firms repeatedly report relatively high levels of  innovation 
in contrast to their relatively low expenditures on IR&D. This suggests that 
Canadian firms do not rely on IR&D to generate innovation as much as firms 
in other countries. Innovation comes from other sources such as organizational 
change. It is less clear that Canadian firms perform as well in translating innovation 
into additional sales.

CANADA’S IR&D STRENgTHS

The Panel identified four industries of  IR&D strength:
• Aerospace products and parts manufacturing
• Information and communication technologies (ICT)
• Oil and gas extraction
• Pharmaceutical and medicine manufacturing

These industries demonstrate strength by multiple measures, including those 
of  magnitude and intensity, quality and impact, and trends. They all account 
for a substantial share of  total Canadian IR&D, and have high levels of  impact 
on at least one of  the key IR&D outputs (patents or publications). There are, 
however, important differences both within and across these industries. Not all 
ICT industries show similar patterns of  strength. Some, such as computer systems 
design and related services, show strength across nearly all measures. Others, 
such as communications equipment manufacturing, have high levels of  impact 
on patents and publications, but have experienced declining IR&D expenditures 
and economic output in recent years. The aerospace industry accounts for a large 
share of  world aerospace exports; however, the impact of  its IR&D, based on 
patent and publication citations, is only average. The oil and gas industry has a 
high level of  impact based on patent citations and rapid growth in both IR&D 
expenditures and economic output. While the pharmaceutical industry also shows 
strength by several measures of  magnitude and impact, its IR&D expenditures 
have declined over the past decade.

The resulting picture of  IR&D activity in Canada is complex and multifaceted, 
underlining the inherent multidimensionality of  the concept of  IR&D strength.
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REgIONAL DISTRIbUTION OF IR&D ACTIvITy AND STRENgTH

Firms locating their IR&D facilities in close proximity can be a powerful driver of  
IR&D as neighbouring firms learn from and compete with each other. To assess 
the regional distribution of  IR&D strengths in Canada, the Panel examined the 
provincial distribution of  IR&D strength and activity. Based on these data, IR&D 
activities across all industries tend to concentrate in Ontario and Quebec. Across 
the four industries of  IR&D strength identified by the Panel, these two provinces 
accounted for roughly three-quarters of  total IR&D expenditures. Nonetheless, 
the distribution of  IR&D activity in these industries varies considerably:
• Aerospace: Around three-quarters of  all IR&D takes place in Quebec, and most 

of  the remainder in Ontario.
• ICT: IR&D for almost all industries is most heavily concentrated in Ontario, 

with Quebec accounting for the highest share of  computer and electronic 
product manufacturing. British Columbia also has a relatively high share of  
IR&D, particularly in computer and peripheral manufacturing, semiconductors, 
and computer system design and related services.

• Oil and gas: The regional distribution of  IR&D is unclear due in part to data 
suppression to protect firm anonymity. The distribution of  patenting activity, 
however, shows that the majority of  IR&D most likely occurs in Alberta, with 
a substantial share in British Columbia.

• Pharmaceuticals: IR&D activities are distributed mainly across Ontario and 
Quebec, with British Columbia accounting for most of  the remainder.

ALIgNMENT OF IR&D wITH CANADA’S S&T AND  
ECONOMIC STRENgTHS

The Panel found limited alignment between Canada’s areas of  science and 
technology (S&T) strength, IR&D strength, and overall economic strength. The 
Panel used the six research fields identified in the Council’s 2012 State of  S&T 
in Canada report as areas of  S&T strength. The Panel then explored three 
measures that best capture economic strength at the aggregate level: industry 
growth, industry domestic size, and OECD relative size.

Figure 1 presents Canada’s S&T strengths, IR&D strengths, and the industries that 
account for relatively large shares of  the Canadian economy. There are some areas 
of  congruence. Canada’s research strength related to clinical medicine may be a 
contributor to the strength of  the pharmaceutical and medicine manufacturing 
industry. Likewise, Canada’s research strength in ICT is likely related to IR&D 
in the ICT sector. Canada’s IR&D strengths related to the aerospace and oil and 
gas industries also directly map to areas where the Canadian economy shows a 
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relatively high level of  specialization (i.e., aircraft and spacecraft manufacturing and 
mining and quarrying, which in this case includes oil and gas). These relationships 
are plausible and suggest connections are being made between Canada’s S&T 
strengths, IR&D activities, and industries of  particular economic importance to 
Canada. More research, however, is required to further validate, document, and 
explore these relationships.

A limited congruence between S&T, IR&D, and economic strengths is in part to 
be expected because of  the inherently complex, dynamic, and non-linear nature 
of  these relationships, and the different incentives for production of  knowledge 
in different spheres. These interactions take place within a system in which all 
the drivers must be strong.

One of  the critical components of  an effective system is strong demand for innovative 
products. Not only must there be a plentiful supply of  skilled workers and ideas from 
higher education, but demand for these critical inputs must also be strong. It is often 
suggested that insufficient competitive intensity in the Canadian economy limits 
demand for innovation, and in turn for IR&D. Firms invest less in IR&D without 
the imperative to develop new products and lower costs to survive and prosper, or 
to use new technologies to improve their competitiveness.

S&T Strengths
Clinical Medicine

Historical Studies

Information &
Communication
Technologies

Physics & Astronomy 

Psychology & 
Cognitive Science

Visual & Performing Arts

Economic 
Strengths
Aerospace

Oil & Gas Extraction

Construction

Forestry

Financial, Insurance & 
Real Estate

Retail & 
Wholesale Trade

IR&D Strengths
Aerospace Products & 
Parts Manufacturing

Information & 
Communication 
Technologies

Oil & Gas Extraction

Pharmaceutical & 
Medicine Manufacturing

Figure 1 

Alignment of Canadian S&T, IR&D, and Economic Strengths
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The Panel also identified five barriers to translation of  S&T knowledge into innovation 
and wealth creation advanced by the academic and public policy literature:
• Technology transfer: Low rates of  growth in patents and licensing agreements at 

Canadian higher education institutions, relative to new investments in research 
and technology transfer personnel, suggest existing technology transfer processes 
are not effective.

• Managerial expertise: Evidence suggests that Canadian managers have lower 
levels of  education than their counterparts in the United States; and that 
managerial, commercialization, and organizational skills may be partially 
responsible for Canada’s record of  comparatively low productivity growth.

• Business support: New ventures in Canada receive relatively little direct public 
funding support for development and commercialization of  new technologies. 
Unlike other countries, the majority of  public support for IR&D in Canada is 
provided through tax credits, rather than direct investment.

• Public procurement: Relatively few demand-side policies in Canada encourage 
IR&D by creating markets for new technologies, products, or services.

• Business culture: Canadian business leaders are risk averse relative to their U.S. 
counterparts. As a result, Canadian firms may be less likely to take on the risks 
associated with translating new research discoveries into commercial products 
and/or using new technologies.

CHALLENgES OF IR&D DATA AND INDUSTRy  
CLASSIFICATION PRACTICES

The Panel encountered significant challenges in the way that data on IR&D 
expenditures (and other variables) are assigned to specific industries in Canada. 
IR&D expenditures are currently assigned according to the principal activity of  an 
industry rather than to the industries served by the IR&D. Although conforming 
to the OECD’s Frascati Manual, this practice made it difficult for the Panel to 
obtain the desired level of  detail and precision in its assessment of  the Canadian 
IR&D landscape.

The Panel questioned whether the available data underestimate the amount 
of  IR&D undertaken in support of  certain manufacturing industries. Since 
manufacturing increasingly takes place elsewhere in the world, IR&D is often 
assigned to the wholesale trade services industry because only marketing and 
IR&D activities remain in Canada. For example, IR&D aimed at developing new 
drugs may be assigned to the scientific research and development or wholesale 
trade industries, rather than to the pharmaceutical manufacturing industry.
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Since 2004, the United States has adjusted its data manually to address this issue. 
This change has resulted in a large shift of  IR&D expenditures out of  wholesale 
trade and into highly IR&D-intensive industries such as pharmaceuticals and 
information and communication technologies. Some European statistical agencies 
also require that firms specify for which product(s) the IR&D is being conducted.

FINAL REFLECTIONS

When judged by many of  the traditional indicators, Canada’s overall IR&D 
performance is relatively weak. Canada, however, has substantial IR&D strength 
in several key industries. In addition, there may be many other niche areas of  
Canadian excellence and technological development. Nothing precludes Canadian 
researchers and businesses from making advances and contributions across all 
industries (or all scientific domains). A single, small firm can have a large impact 
on a globally dispersed industry with the introduction of  the right technology 
at the right time.

Inevitably, the future commercial successes or failures in many industries will hinge 
on the extent to which Canadian firms are capable of  adopting, developing, and 
marketing world-leading technologies. Building a strong foundation of  IR&D 
is an essential part of  developing that capacity for the future, thereby ensuring 
that Canadian firms can successfully compete in a global economy increasingly 
centred on knowledge and technology.


