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Preface

The Expert Panel on Business Innovation first met in November 2007, a time
when the Toronto Stock Exchange index was nudging 14,000, oil was close to
$100 a barrel, the Canadian dollar was above par with the U.S. dollar, economic
growth was solid and the unemployment rate was at a multi-decade low.

But beneath the bullish daily headline data were worrisome longer-term trends,
particularly the poor performance of productivity growth in Canada. Growth of
the hourly output of Canada’s business sector had been falling behind that of the
United States for more than two decades, and the trend had deteriorated
significantly since 2000. Investment in leading-edge technology — particularly
related to computers and communications — was lagging significantly behind not
only that of the United States, but also many of the advanced countries with
which Canada compares itself. Business spending on research and development as
a share of the economy was down 20% from its 2001 peak at the end of the
technology boom.

It was in this context of mixed signals — rosy on the surface but less so underneath —
that the Government of Canada asked the Council of Canadian Academies to
appoint a broad-based panel of experts to assess the innovation performance of
Canadian business. This report records the panel’s analysis and findings. It is a
diagnosis rather than a policy prescription, though it provides a body of fact and
informed opinion that is of policy relevance.

While the panel was completing its work in late 2008 and early 2009, the world
changed dramatically. Because the extent of the global economic crisis is unknown,
its full implications for the panel’s analysis will only become clear with the passage
of time. The panel has therefore not attempted to factor the crisis prominently
into its diagnosis of business innovation in Canada — a longer-term perspective is
needed in any event. The symptoms of lagging innovation by the business sector
in Canada are of very long standing. The panel therefore focused primarily on
long-run phenomena, stretching over decades and across several ups and downs
of the economic cycle.

The panel’s findings therefore remain relevant despite the severe contemporary
shock to the global economy. As governments in Canada continue to take measures
in the near term to mitigate the downturn, a sound diagnosis of the underlying
causes of Canada’s generally weak business innovation performance can help to
target those measures so that they also strengthen the nation’s economy for the
long term.
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Executive Summary

This report addresses the fundamental factors that influence the innovation
behaviour of businesses in Canada. Innovation is of great economic importance
because it 1s, directly and indirectly, the key driver of labour productivity growth
(increased output per hour worked) and the main source of national prosperity.
The panel has therefore approached innovation as an economic process rather than
as a primarily science and engineering activity. The theme is the link between
business strategy and innovation activity. The focus is on the long run, spanning
several turns of the economic cycle. The findings therefore remain relevant
despite the current shock to the global economy. As requested by the government,
the report is primarily a diagnosis, not a policy prescription, though it provides
a body of facts and informed opinion that is of policy relevance.

INNOVATION DEFINED

Innovation is new or better ways of doing valued things. Innovation is not limited
to products but includes improved processes like the assembly line, and new
business models like web-based commerce. An “invention” is not an innovation
until it has been implemented to a meaningful extent. Radical innovations like
the steam engine and the transistor create entirely new markets. Much more
prevalent is incremental innovation in established markets in which goods and ser-
vices are continuously improved — a process that is responsible for the majority of
labour productivity growth. Although the strategies and policies appropriate for
innovation in new markets are generally quite different from those in established
markets, they are complementary because successful new markets, like the “smart-
phone” market today, eventually become established markets.

INNOVATION AND PRODUCTIVITY

Canada has a serious productivity growth problem. Since 1984, relative labour
productivity in Canada’s business sector has fallen from more than 90% of the U.S.
level to about 76% in 2007. Over the 1985-2006 period, Canada’s average labour
productivity growth ranked 15th out of 18 comparator countries in the OECD.

Long-term analyses by Statistics Canada and the OECD show that Canada’s rela-
tively poor productivity growth is due mainly to weak growth of multifactor productivity
or MFP. (MFP broadly reflects the effectiveness with which labour and capital are
combined in the economy:.) Canada’s productivity weakness is not due to shortcom-
ings in its workforce. Neither, for the most part, does it reflect inadequate capital
investment, though business investment in information and communications
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technologies (ICT) has been especially weak and subpar investment in advanced
equipment and software can also hold back MFP growth. The rate of MIP growth
over suitably long periods primarily reflects the contribution of business innovation
to labour productivity growth — including better organization of work, improved
business models, the efficient incorporation of new technology and the payoft from
research and development (R&D) and from the insights of entrepreneurs. Canada’s
weak growth of MEP indicales that the country’s lagging productivity growth 1s largely due to weak
business innovation.

OTHER INNOVATION INDICATORS

Canada’s weakness in business innovation is also signalled, more conventionally,
by persistently lagging investment in R&D and, more recently, in IC'T; though
these indicators are far less comprehensive as measures of innovation than is the

long-run rate of MFP growth.

Research and development: Since the collapse of the technology boom in 2001, Canada’s
business expenditure on R&D has remained roughly flat after taking account
of inflation. Expressed as a percentage of GDP, business R&D declined by
20% between 2001 and 2007 and has consistently fallen below the OECD average.
The gap in business R&D spending between Canada and the United States
diminished significantly between the mid-1980s and the peak of the technology
boom in 2001, but has since begun to open up again. The most significant drivers
of the long-run trend have been (i) a sharp reduction in the contribution of the
manufacturing sector to the Canada-U.S. gap, implying that Canada has been
making some progress in manufacturing innovation; and (ii) an offsetting increasing
gap in business services R&D (particularly in wholesale and retail trade). The
broad shift of output and employment toward services and the application of
ICT 1n service sectors have been occurring more rapidly in the United States

than in Canada.

Machinery and equipment: Investment in machinery and equipment (M&E) is a
principal channel through which innovation drives productivity growth because
such investment “embodies” the prior innovation of producers of capital goods,
including software. M&E investment also stimulates innovative changes in
processes and work organization to take best advantage of the new capital. (The
productivity improvement resulting from such changes is captured statistically
within MFP growth.) Annual investment by Canadian business in M&E (as a
percentage of GDP) has not always lagged the United States as has been the case
with R&D, though a gap has opened up since the early 1990s. The M&E investment
gap has been mostly due to Canada’s persistently weaker investment in ICT.
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Average ICT investment per worker in Canada was only about 60% of the U.S.
level in 2007. This 1s a serious shortcoming since the production and application
of ICT have been the key drivers of innovation and resulting productivity growth
in the United States and several other countries.

THE CENTRAL ROLE OF BUSINESS STRATEGY

Business strategy drives innovative behaviour. Explaining business innovation
performance in Canada therefore comes down to explaining the business strategy
choices of Canadian firms. If innovation is good for business, why don’t more businesses
i Canada choose to compete on the basis of innovation? To address this question requires
a shift of perspective away from innovation activities themselves — e.g., inputs like
R&D and investment in M&E — to a focus instead on the factors that influence the
choice of business strategy. This reframing of the innovation puzzle is the most
important contribution of the panel’s analysis — see diagram below.

Structural Competitive Climate for Public Business
Factors Characteristics Intensity New Ventures Policies Ambition

that influence

Firm's Choice of
Innovation as INNOVATION AS A BUSINESS STRATEGY?
Business Strategy
which drives j
Inputs to Capital Research & External Human
Innovation Activity Investment Development Enablers Capital
leading to
Outputs of New Products Continuous New & Expanded

Innovation Activity and Services Improvement Markets

measured by

Workforce
Capability

Capital MFP
Deepening Growth

4+

Growth Accounting
Framework

which analyzes Labour Productivity Growth

Outcomes of .
Innovation Activity Increased Standard of Living

Logic Map of the Business Innovation Process
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FACTORS THAT INFLUENCE CHOICE OF AN
INNOVATION STRATEGY

The principal factors that influence the business innovation decision can be
categorized broadly as (i) particular characteristics of the firm’s sector; (ii) the state
of competition; (iii) the climate for new ventures; (iv) public policies that encourage
or inhibit innovation; and (v) business ambition (i.e., entrepreneurial aggressiveness
and growth orientation). The relative importance of these factors will vary from
sector to sector and over the life cycle of individual firms.

The foregoing factors are themselves influenced by certain long-standing features
of Canada’s economy, of which the two most significant are the following:

e Canada is “upstream™ in many North American industries. This positioning is the
result of Canada’s resource endowment and development history as a
commodity supplier and technology adopter. Canada’s upstream position in
many continentally integrated value chains limits contact with ultimate
end-customers — who are a strong source of motivation and direction for
innovation — and shapes the nature of business ambition in many sectors.

e Canada’s domestic market s relatively small and geographically fragmented. Small
markets offer lower potential reward for undertaking the risk of innovation
and tend to attract fewer competitors, thus providing less incentive for a
business to innovate in order to survive. On the other hand, the innovation
success of countries like Finland and Sweden shows that the disadvantage of
a small domestic market can be offset by a strong orientation toward
innovation-intensive exports.

Industry Structure Characteristics

The effect of structural factors — particularly sector mix and foreign control — on
business strategy choice is most readily seen through analysis of the gaps between
Canada and the United States in respect of R&D spending and ICT investment
(interpreted as indicators of emphasis on innovation as a business strategy).

Sector mix: A sector by sector analysis of the overall U.S.-Canada R&D gap shows
that generally lower Canadian R&D spending within the same sectors in both the
United States and Canada accounts for a greater portion of the gap (the precise
share of which varies from year to year) than does Canada’s adverse sector mix —
1.e., the greater weight in Canada’s economy of resource-related and other activities
that have inherently low R&D spending Resource-based industries invest heavily,
though indirectly, in innovation that is embodied in advanced equipment. The
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puzzling failure of Canada to develop global export leaders in advanced M&E
for the resource sector is one particularly telling indicator of the country’s innova-

tion shortcomings.

Foreign control: The foreign control of several major Canadian businesses is part of
the explanation for low R&D intensity — e.g., accounting for very low Canadian
R&D in the automotive and chemicals industries. This reflects the traditional
tendency of global corporations to conduct most innovation activity near their
headquarters. There is nevertheless a trend underway to distribute innovation
activities globally so as to take advantage of lower costs and special skills, and to
be closer to important concentrations of customers. Foreign control does not
automatically lead to low R&D activity in Canada. In fact, foreign subsidiaries
in several sectors — e.g, pharmaceuticals and computers — have been major
contributors to Canadian R&D. Moreover, if the foreign-controlled facilities were
not here, there is no guarantee that Canada would have developed a “replacement
set” of domestically owned R&D performers. Canada’s failure to develop a greater
number of innovative Canadian-based multinationals has been a key contributor to the country’s
overall R&D weakness.

Structure and 1CT investment: Empirical studies suggest that only about 20% of the
U.S.-Canada gap in ICT investment can be explained by structural characteristics
related to sector mix and firm size distribution. Further study is needed to
determine definitively the other factors that account for this perplexing gap. For
now, it can only be said that relatively low IC'T adoption is consistent with a
view that Canadian businesses on the whole, but always with notable exceptions, are technology
Jollowers, not leaders.

Competitive Intensity

Competition stimulates innovation in most circumstances. In Canadian sectors
that are well exposed to international trade (whether as exporters or competing
against unconstrained imports), there do not appear to be significant innovation
gaps, though many of Canada’s export industries are either specialized at the
upstream end of the value chain or dependent on technology and innovative
practices in foreign-controlled firms.

The relatively small size of Canada’s domestic market — made even smaller by
regional fragmentation — tends to limit both competitive intensity and the returns
to innovation in domestic sectors, which underlines the importance of increasing
Canada’s presence in global export markets for innovation-intensive goods and
services. Innovation is needed to move from a domestic to a global growth strategy.

Reciprocally, a heavy investment in innovation usually requires Canadian
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businesses to go for the scale of global markets. Canadian businesses, on the
whole, have so far failed to aggressively grasp the opportunities created by global-
ization, a shortcoming that is demonstrated by the relative lack of innovation-
oriented Canadian-based multinationals.

The Climate for New Ventures

Despite some dynamic clusters — such as in Waterloo and in the largest Canadian
cities — Canada needs to do better in creating the conditions to enable more of the
country’s impressive number of startups to become viable, growing businesses still
based in Cianada. The following three key conditions determine the quality of the
environment in Canada for the support of such businesses.

Financing new ventures: A vibrant angel investor community is the key to bridging the
“valley of death” that separates a promising idea from a viable startup business.
(Angels are produced when innovative entrepreneurs succeed and thus generate
both the financial resources and the experienced mentors to stimulate and guide a
new generation of innovators.) The limited data available on “informal” invest-
ment sources in Canada suggest that they are much less extensive, in relative
terms, than comparable sources in the United States. (Canada has produced a
number of successful angel investors in several ICT subsectors, but relatively few
in the life sciences.) Venture capital (VC) is the post-angel stage of funding when
the basics of the business proposition have already been developed and larger
sums are needed to ramp up to commercial scale. The generally weak perfor-
mance of Canada’s VC industry is due to the fact that the industry is still relatively
young, and thus has not yet developed sufficient depth of experience to select and
mentor the best potential investment candidates. It is also the case that several
issues related to the VC activities of tax-advantaged Labour Sponsored Investment
Funds (particularly outside Québec) have affected incentives and performance in
the industry. While there is no quick or easy fix for Canada’s VC industry, better
performance depends on the industry maturing through competitive experience.
Policy makers can positively influence the availability of risk capital funding,
particularly at the earliest stage and also at the critical later (VC) stage of expansion
and market growth.

Commercializing university research: Canada’s record of university-based research
activity 1s strong and ranks among the best of the OECD countries, but the
commercialization of university research in Canada has been, on the whole,
disappointing. The principal causes relate to (1) the shortage of commercial
receptor capacity in Canada, due to the fact that relatively few established firms in
this country are committed to research-based innovation (and would therefore be
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In a position to transact with universities); (ii) the relative weakness of new venture
financing in Canada at both the angel and later VC stages; and (ii1) the inherent
differences in the incentives and professional values of the university and the
business firm, an issue not unique to Canada. The situation could be helped
through better infrastructure for identifying and mobilizing potentially com-
mercializable knowledge as it emerges from university-based research. In many
cases this will involve well designed partnerships between universities and private
sector businesses and/or government labs.

Supporting innovation clusters: Innovation is fostered by the close personal and supplier
linkages that occur in certain geographic concentrations, creating local innovation
“ecosystems”. Public policies designed to create such clusters from scratch have
yet to demonstrate much success in Canada or elsewhere, though continued
learning from initiatives like MaRS in Toronto will aid the design of supportive
policies. Some pre-existing advantages and a strong local catalyst appear to be
critical factors. The Waterloo story is one good example and shows that cluster
development may require both considerable time to mature and the convergence
of several favourable features that are typically specific to the locality.

The Public Policy Environment

In broad terms, and over time, Canada has provided a progressively more
encouraging environment for business innovation, at least in respect of those
factors over which public policy has direct influence — for example, prudent fiscal
and monetary policies, a trend of lower tax rates and support for university
rescarch. The business innovation problem nevertheless persists, so there is still
much work to do.

Human capital: The continuing development of human resources is clearly necessary
for innovation success and, in general, this is an area of relative Canadian strength.
More specifically, the federal government’s strong commitment since the mid-to-
late 1990s in support of university research has increased the supply of
leading-edge skills and research capacity and, other things being equal, made
Canada a more attractive location for innovative business. On the other hand,
Canadian business managers are, on average, not as well trained as those in the
United States. This education gap may leave many Canadian managers less aware
than their U.S. counterparts of developments at the leading edge of technology
and business practice, and thus less likely to choose business strategies that

emphasize innovation.
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R&D incentives: The Scientific Research and Experimental Development tax
incentive provides by far the largest direct financial support for business innovation
in Canada — representing about $4 billion of federal tax foregone in 2007. While
there is good evidence that the tax credit has a positive net benefit, many business
leaders believe that the program should be improved — e.g., by extending the
“refundability” of the credit beyond small businesses to R&D performers of any
size. While Canada’s total government support for business R&D (tax and direct
spending combined) is somewhat larger, relative to GDP, than that of the United
States and the United Kingdom, it is noteworthy that Canada’s reliance on the tax
assistance channel to stimulate R&D is unusually heavy. Although most countries
have been increasing the use of tax credits in their R&D support programs, more
evaluation is needed to determine the right mix.

Sector strategies: The ICT sector, among others such as aerospace, provides several
examples of the government’s catalytic role in enabling innovative activities to
take root and build scale to the point where commercial viability emerges. This
initiating influence has taken many forms — early procurement (for example,
stimulating IBM’s substantial presence in Canada); public-private commercial
partnerships in support of a national mission (for example, creation of Telesat
in 1969); and research support through targeted university funding and sector-

oriented government facilities and programs.

Business Ambition

Are Canadian businesses good enough to compete in global markets, aggressive
enough, willing to take risks, and sufficiently outward-looking beyond the huge
and accessible U.S. market? Clearly, the many Canadians who have built successful
global businesses have the necessary attributes. But the issue is whether there are
enough of them to ensure the long-term prosperity of the entire economy. The
panel’s view is that today, there are not. This is not due to any lack of innate
capacities of Canadian business people — it is not in the “DNA”, so to speak.

Canadian business as a whole has been profitable despite its mediocre innovation
record — pre-tax business profit in Canada, as a percentage of GDP, has exceeded
that of the United States in most years since 1961. So the behaviour of Canadian
business 1s unlikely to change unless its circumstances change. Those circumstances
are, in fact, changing radically due not only to the current turmoil in the world
economy but, more fundamentally in the long run, to a massive reallocation of the
share of global economic activity as China and others become full participants
in world commerce. The demographics of the Canadian business community
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are also changing as immigrants and a younger generation of entrepreneurs,
unencumbered by traditional attitudes, expand their presence. So whether by
necessity or inclination, there is reason to expect that Canadian business will
become more ambitious and innovative.

ADDRESSING CANADA'’S BUSINESS INNOVATION CHALLENGE

Canada has a serious productivity growth problem. The statistical evidence is
unambiguous and of long standing. The panel believes that Canadians should be
concerned about the productivity of our export-oriented economy as competition
from China and other emerging economies intensifies. Strong productivity growth
is the way to remain internationally competitive with a rising standard of living,
The panel also believes that Canadians should be concerned about the long-run
consequences of continued weak productivity performance in the domestic
economy as the population ages and competition intensifies among the mature
economies for the best human skills, and particularly for entrepreneurial talent.

Because Canada’s productivity problem s actually a business innovation problem, the discussion
about what to do to improve productivity in Canada needs to focus on the factors
that encourage, or discourage, the adoption of innovation-based business strategies.
This is a complex challenge because the mix of relevant factors varies from sector
to sector and requires a much broader conception of innovation than the
conventional R&D-centred view which, while important, is too limiting.

There is no single cause of the innovation problem in Canada, nor is there any
one-size-fits-all remedy. Public policy in respect of innovation therefore needs to
be informed by a deep understanding of the factors that influence business decision
makers, sector by sector, and this clearly requires extensive consultation with
business people themselves as well as the further development of innovation surveys
and other forms of micro-analysis of the innovation process. (The report provides
several examples of industry-specific innovation challenges and strategies through
short case studies of the automotive, life sciences, banking and ICT sectors.)

Opverarching the sector-specific factors that influence innovation strategies are
certain issues of pervasive influence identified in the panel’s analysis that suggest
the need for proactive public policies to:

e  encourage investmentin advanced M&E in general, and in ICT in particular
(such incentives should be designed only in light of a more thorough
understanding of the reasons for the relatively slow adoption of ICT in
Canada to date);
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*  sharpen the incentive for innovation-oriented business strategies by increasing
exposure to competition and by promoting a stronger export orientation on
the part of Canadian firms, particularly in goods and services that are
downstream in the value chain and thus close to end-users;

e improve the climate for new ventures so as to better translate opportunities
arising from Canada’s university research excellence into viable Canadian-
based growth businesses, bearing in mind that better early-stage financing
and experienced mentorship hold the key; and

e support areas of particular Canadian strength and opportunity through
focused, sector-oriented strategies, such as was done in the pastin, for example,
the automotive, aerospace and ICT industries.

The many successes of Canadian businesses in the hyper-competitive global
marketplace show that there is nothing innate or inevitable in the national
character that prevents Canada’s businesses from being just as innovative and
productive as those of other nations.

The panel has completed its analysis of business innovation in the shadow of the
most severe global economic downturn in decades. The panel has nevertheless
remained focused on the long term because Canada’s innovation conundrum is
deeply rooted and has little to do with the booms and busts of the economic cycle.
As governments in Canada continue to take measures in the near term to mitigate
the downturn, the panel’s diagnosis of the nature and underlying causes of
Canada’s generally weak business innovation performance can help to target those
measures so that they also strengthen the nation’s economy for the long term.
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Chapter 1 - Introduction and Charge to the Panel

Innovation — new or better ways of doing valued things — is the manifestation of
creativity, the uniquely human capacity to transform the imagined into the real. The
material progress of society, represented by the growing per capita output of goods
and services, depends on the systematic generation and exploitation of innovation.
Tor millennia, economic progress was exceedingly slow and halting as advances
were soon offset by bouts of population growth, war and disease. Then, in the
second half of the 19" century, and owing to a confluence of circumstances that are
still debated, the Industrial Revolution took hold, first in Britain, and set in motion
a process of sustained economic growth without precedent in recorded history
(Figure 1.1). Innovations, including new political and institutional means to support
innovation, spread rapidly through Europe and North America.

A LONG-TERM PERSPECTIVE ON ECONOMIC GROWTH
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Data Sources: Conference Board & Groningen Growth and Development Centre, 2008; Maddison, 2008

Figure 1.1
A Long-Term Perspective on Economic Growth

The long-term trajectories of per capita economic growth are closely correlated for countries at comparable
levels of development.
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The pattern in Figure 1.1 suggests that once a society opens itself to reciprocal
economic exchange with the technological leaders, a catch-up process ensues that
1s driven by the diffusion of leading-edge innovation and is extremely rapid from
an historical perspective (Abramovitz, 1986)." China, with India close behind,
is now undergoing a transition similar to that experienced by western countries and
Japan over the past century and a half. The question remains whether the world’s
resources and the natural environment can support the almost vertical growth
trajectory implied by Figure 1.1, this ime involving several billion people who are
still only at the foot of the development escalator. What is certain is that the innovative
and adaptive resources of humanity will be challenged as never before.

Innovation matters enormously for society because it is the means by which
problems are solved and new opportunities are created. Innovation is what gave us
insulin, the telephone, movies, rock music, the microchip and the shopping mall,
for better or worse. Innovation is also what gives rise to continuing improvement

in goods and services and in the means by which they are produced.

Innovation matters for businesses, not only because great companies are often
built on the success of a great innovation — for example, as Bombardier was on the
basis of its founder’s invention of the snowmobile — but also because novel products
and more efficient processes are the principal means of making businesses more
competitive. It is through innovation that businesses find ways to generate more
value from existing resources. Innovation enables businesses sometimes to create
entirely new markets, to expand share of existing markets, to improve profitability,
or some combination of all three. When tastes shift, or major new challenges arise,

mnovation is usually necessary for businesses simply to survive.

As will be argued in this report, innovation is the main driver of productivity
growth — the increased output of goods and services per hour worked. In the
words of Paul Krugman (1990), the winner of the 2008 Nobel Prize in economics,
“Productivity isn’t everything, but in the long run it is almost everything
A country’s ability to improve its standard of living over time depends almost
entirely on its ability to raise output per worker” (p. 9). That is why innovation —
which is, directly or indirectly, the principal engine of productivity growth —is the

most important and fundamental source of economic progress and prosperity.

1 Throughout the 19" century, Britain was the global technological leader in most fields of eco-
nomic significance. The United States had largely caught up early in the 20" century. While Japan
had a technical tradition of long standing in certain fields, it did not “take off”” until after World
War IT when it acquired much greater access to U.S. know-how and to markets in the West.
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Looking forward, we see a convergence of trends that make innovation more
necessary than ever:

* Intensified global competition, particularly the exceptionally rapid emergence
of China, India, Brazil and Russia as economic powers, is creating both
growing challenges and opportunities for Canada.

*  Less resource-intensive and environmentally damaging methods of production
need to be developed through innovation to permit the continuation of economic
growth and the realization of its benefits in the still-developing world.

e Anaging population in Canada is making productivity growth imperative as the
proportion of population that is of working age plateaus and then declines.

*  Continuing revolutionary developments in the transformative technologies of
information and communications, life sciences and advanced materials provide

extraordinary opportunities to benefit from their innovative application.

We must therefore be concerned in the face of evidence suggesting that Canadian
business on the whole, though with notable exceptions, is lagging in innovation
relative not only to the United States, but also to many of our peer group of
economically advanced countries in the Organisation for Economic Cooperation
and Development (OECD). For example, business spending on research and
development is relatively low, as is investment in advanced machinery and
equipment — particularly in information and communications technologies.
(These and many other indicators will be analyzed in depth later in this report.)
Labour productivity growth in Canada has been lagging that of the United States
and many other OECD countries for the past two decades. When combined with
other measures that are linked to innovative business behaviour, where Canada
also tends to lag, there is a presumptive case that the innovation performance of
Canadian business is subpar.

THE CHARGE TO THE PANEL

The question is “why”. If nnovation is good for business, why s Canadian business on
the whole apparently less commutted to innovation than analysts and policy makers believe it
should be? The question is all the more puzzling since it has been asked for decades,
yet things have not changed much in relative terms. Moreover, Canada has tried
many of the remedies that economists and policy analysts have recommended to
promote innovation and improve productivity, though perhaps not always with
sufficient vigour or persistence (OECD, 2003b, 2007¢, 2008f). The causes of
Canada’s innovation deficiency must run deep in the nature of the economy, and
perhaps in Canadian society as well.
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To the extent that some of the causes might be mitigated by more appropriate
public policies, it is important that governments have a sound diagnosis of what
ails business innovation propensity in Canada. To this end, the federal Minister of
Industry asked the Council of Canadian Academies “to work with the private
sector and academic experts to deepen our understanding of the science and
technology (S&T) investment constraints and opportunities facing Canadian firms.
This will help the government better support an increased commitment to S&T by
Canada’s private sector” (Government of Canada, 2007, p. 28). Specifically, the
charge to the Council was the following:

o How should the innovation performance of Canadian firms be assessed?

*  How innovative are Canadian firms, and what do we know about their innovation performance
at a national, regional and sector level?

o Why s business demand for innovation inpuls (for example, research and development, machinery
and equipment, and skilled workers) weaker in Canada than in many other OECD countries?

e What are the contributing factors, and what s the relatwe importance of these contributing
Jactors?

In response to the charge, the Council of Canadian Academies assembled a panel
of experts from the business, labour and academic sectors to provide answers to
the four questions, drawing on their own extensive practical experience across
many sectors of the economy and on the rich body of relevant domestic and
international research. The panel benefited from written submissions from various
individuals and organizations in response to a call for comment via the Council’s
website, as well as from a number of meetings between subgroups of the panel
and invited experts who had extensive knowledge of specific sectors of the
economy (Annex IV).

OUTLINE OF THE REPORT

Despite an outpouring of research and commentary over the years on the
innovation behaviour of Canadian business, the understanding of it remains
incomplete. The business innovation conundrum is therefore much in need of an
objective, contemporary analysis. The principal aim of the panel’s assessment is to
provide this analysis. No new studies were undertaken. Moreover, the focus is on
the long run and not on factors related to specific events or to the current severe
downturn in the world economy. 7%e panel was not asked to provide policy recommendations,
though much of its diagnosis of business innovation performance is of policy relevance. Where
findings have direct implications for policy, the panel has usually taken the
opportunity to make the implications explicit.
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The report is organized as follows:

e Chapter 2 defines the concept of innovation employed in the report and
presents evidence of the impact of innovation on productivity growth in the
context of Canada’s long-run economic performance.

*  Chapter 3 provides a quantitative description of the innovation activities of
Canadian business, based primarily on national-level statistics relative to
Canada’s peer group of economically advanced countries. These data are the
basis for the panel’s conclusions as to the aggregate innovation performance of
Canadian business against international benchmarks.

e Inlight of those data and conclusions, Chapter 4 establishes a framework for
the panel’s analysis by identifying the key factors that influence a firm’s decision
as to the emphasis to be placed on innovation in its business strategy. In this
framework, the traditionally measured innovation “activities” discussed in
Chapter 3 (e.g, research and development, hiring of highly skilled people,
investment in advanced equipment) are actually the consequences of business
choices to employ innovation as a strategic tool. The most important factors
that influence the business decision as to whether or not to adopt an innovation-
based strategy are (i) the structural characteristics of the Canadian economy —
sector mix, foreign control and the distribution of firm size; (i1) the state of
competition; (iii) the conditions that favour, or inhibit, the creation and growth
of new innovative businesses; (iv) public policies that have significant impact on
mnovation; and (v) business ambition — for example, the extent to which business
behaviour in Canada is, or is not, strongly growth-oriented. These factors are
not independent of one another — for instance, if there is insufficient business
ambition, the reasons may lie in some combination of the other factors.

e Chapters 5 through 9 address each of the foregoing factors, drawing on the
experience of panel members and on academic literature as well as analyses by
Statistics Canada, Industry Canada and the OECD, among others.

e Chapter 10 presents several short case studies of sectors of the Canadian
economy — automotive, life sciences, banking, and information and communi-
cations technologies. These cases were chosen to complement the aggregated
and rather abstract material in the rest of the report. The case studies do not
attempt to comprehensively analyze the sectors; rather, they draw on the busi-
ness experience of panel members, and of others consulted by the panel, to
identify innovation-related issues and concerns that are specific to each sector.
The cases contribute concreteness to the overall story and illustrate the great
diversity and complexity of the innovation problematique in Canada.

e Chapter 11 ends the report with a statement of the panel’s principal

conclusions.
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The full report is complemented by a digest version (“Report in Focus”) that
develops both the argument and main findings as an extended executive summary.
The digest is made available as a stand-alone document for broad distribution and
can be accessed from the Council’s website (www.scienceadvice.ca).

Box 1 - Views on the Innovation Performance of
Canadian Business

Government of Canada The scale of R&D effort by the Canadian private sector
is far less than its international private sector competitors in many advanced
economies. Only one Canadian firm was in the top 100 corporate R&D performers in
the world, putting Canada at the bottom of the G7. Canadian firms also invest less
than their counterparts in other countries in advanced machinery and equipment,
ranking last among G7 countries. Low levels of investment by Canadian firms in
information and communications technologies (ICT) compared with the US are of
particular concern (2007).

TD Bank Financial Group The past decade has seen a declining trend in business
sector investment intensity in Canada compared to other OECD and G7 countries. ...
The rapid growth in corporate profits over the past few years has not been accompanied
by a matching increase in capital spending, with the result that machinery and
equipment (M&E) as a share of GDP has declined — and this has happened during a
period of rapid strengthening in the Canadian dollar that has reduced the cost of
capital. This conservative behaviour ... will not help to improve Canada’s pitiful
productivity performance. The main message is simple — the private sector, aided by
the public sector, must put greater weight on productivity enhancing capital investment
in the coming years (2007).

Bank of Canada Much uncertainty surrounds the root causes of Canada’s failure
in the past decade to follow in the footsteps of the US towards a higher growth rate
in trend productivity. Canada appears to have taken less advantage of ICT and has
also experienced few efficiency gains in the production of services and non-ICT
goods. .. The persistently lagging performance in Canada with respect to innovative
activity, adoption of new technologies, and investment in organizational capital seems
to reflect less a deficiency in supply conditions than a lacklustre demand for innovation,
which in turn could stem from less competition, few rewards for risk taking...In spite
of the enormous research on productivity in the past decade, many issues need to be
better understood in a Canadian context, [including] investigating the potential role
of structural factors in holding back demand for innovation in Canada (2007).
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Canadian Council of Chief Executives As a group, Canadian businesses have
been too slow to invest in research and to adopt leading-edge technologies. ... Too
many business leaders — like too many Canadians in all walks of life — have been
captured by a culture of complacency, by a sense that good is good enough (2008).

Canadian Auto Workers Manufacturing firms demonstrate much higher levels
of commitment to R&D and other forms of innovation [than firms in other sectors].
The rapid decline of Canadian manufacturing implies that Canada’s record in this
regard will get worse, not better, in the years to come (2008).

Competition Policy Review Panel Much of Canada’s poor productivity
performance can be attributed to the comparatively poor performance of Canadian
firms with respect to innovation.We rank poorly across almost all aspects of innovation:
the creation of knowledge, the transformation of knowledge and the use of knowledge
through commercialization (2008).

McKinsey & Company Much of the debate on Canada’s economy has focused on
productivity as the means to drive global competitiveness. Although productivity is
important, McKinsey's research has found that innovation is much more important in
driving competitiveness. It also found that Canada lags global competitors in its ability
to innovate (2008).
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Chapter 2 - The Nature and Importance
of Innovation

This chapter defines the concept of innovation used throughout the report. It then
sets the context for discussing the innovation performance of Canadian business
by examining Canada’s long-term economic performance relative to the United
States and other economically advanced countries and, more specifically,
by analyzing the Canada-U.S. productivity growth gap. The chapter concludes
by assessing the significance of multifactor productivity growth as the principal
indicator of the productivity-enhancing impact of innovation.

RADICAL VERSUS INCREMENTAL INNOVATION

Put simply and intuitively, innovation is new or better ways of doing valued things. Innovation
occurs in the economy in two distinct but complementary ways — “radical” innovation
and “incremental” innovation. Radical, paradigm-shifting innovations like the steam
engine, canned food, the electric motor, the automobile, movies, television and the
transistor are often science or engineering based, and create entirely new markets
where innovation initially evolves rapidly and competitive races sort out the fit from
the unfit.” This invention-driven form of innovation — which spans the range of
significance from the hula hoop to the microchip —is what most people have in mind
when they think of “innovation”.

The ultimate economic benefits (jobs and income growth) of a blockbuster innovation
usually diffuse broadly and relatively rapidly beyond the firm and location where the
innovation originates. For instance, while the microchip and the personal computer
may have been pioneered by a small number of companies in the United States (e.g.,
Apple, IBM and Intel), many of the resulting production jobs migrated elsewhere
and, more important by far, the productivity benefits of the resulting information
and communications technologies (ICT) revolution continue to accrue to users
worldwide. This is a spectacular example of the “spillover” benefit of innovation
generally, and of research and development (R&D) investment in particular. It is of
course still the case that the originating location of a blockbuster innovation will
usually benefit substantially — for example, as Silicon Valley has — and often becomes
the focal point for an innovation cluster that takes on a life of its own.

Much more pervasive is incremental innovation in which goods and services, and

their means of production, marketing and distribution, are being continuously

2 Many radical innovations also occur in other domains including the arts (c.g., impressionism in paint-
ing and jazz and rock 'n roll in modern music); organizations (e.g., the limited liability company, the
assembly line, the department store); and public policy (e.g, unemployment insurance, publicly
insured healthcare). Most of these have been of great economic and/or cultural significance.
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improved.? Incremental innovation — in which developments are typically “new to
the firm”, or perhaps to a sector, but not “new to the world” — is what drives
productivity growth and firm competitiveness in established markets. Since established
markets constitute the great bulk of economic activity, incremental innovation is
directly responsible for the vast majority of labour productivity growth.

The two varieties of innovation are complementary, with incremental innovation in
established markets being the mature phase of the radical innovation that creates

entirel new markets.
New Market Phase Established Market Phase Y

Rapid evolution in a Incremental innovation Products, like people, have life
competitive race

A A cycles, and the progression

A from conception to expiry
follows a kind of S-shaped
curve where the phase of

rapid developmentis followed,
one hopes, by a long period
of increasing maturity, but

Size of Market Captured

with slow continuing growth
(Figure 2.1). The distinction
Time between the two phases of

v

Eureka! innovation  is  significant

because the policies and
Figure 2.1 business strategies appropriate
Lifecycle of Innovation — Schematic to each are quite different.
A successful radical innovation creates a new market that For example, the style of
develops rapidly (often in a competitive race), but eventually

becomes established and grows slowly via continuous incre-
mental innovation until decline inevitably sets in.

management and the type of
financing needed to launch
and grow a “new market”
innovation are not what are required to prosper in a mature market. Policies designed
to encourage each type of innovation will also differ. One characterization of
business innovation dynamics is described in Box 2 and Table 1.

A further perspective on the central role of innovation is provided in Box 4 at the end
of this chapter, which summarizes new trends in the organization and globalization
of innovation. An overview of the modern “endogenous” models of economic
growth — which give prominence to the role of innovation — is provided in Annex I.

3 Baumol (2002) argues that a great deal of innovation in business today is not the result of the lone,
inspired entrepreneur, but rather due to the “routinized” activity of all successful large R&D-
oriented companies: “This is not the realm of the unexpected, of the unrestricted exercise
of imagination and boldness that is the essence of entreprencurship. It is, rather, the domain
of memorandums, rigid cost controls, and standardized procedures, which are the hallmark of
trained management. Thus, corporate R&D has taken over a substantial portion of the field
and has transformed it into a bureaucratized activity” (p. 36).
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Box 2 - Business Innovation Dynamics

Based on a global survey of 1,000 firms, Miller and C6té (2008a, 2008b) have identified
two characteristic innovation market types — “new" and “established”, as described
earlier in this chapter — and three categories of innovation that occur within each (see
Table 1). When the two dimensions of the table are crossed, they define six “games”
of innovation and particular patterns of competitive dynamics.

New versus established markets In a “new market”, highly competitive
innovation races occur as the product evolves rapidly through a combination of
improvements in features and costs. New markets are characterized by 10 to 20 years
of intense innovation until the market matures and becomes structured, as the
personal computer market has, for example. The BlackBerry is currently an emblematic
product that defines the relatively new “smartphone/digital assistant” market where
there is an intense global race involving the BlackBerry, the iPhone and competing
devices made by Ericsson-Sony, Nokia, Samsung and a few others. In a new market,
all participants are innovative. The relevant public policy issue is how to set up
conditions to have local firms participate as contenders in such markets, as these
competitive races define the industries of tomorrow. In “established markets”, the
decision whether or not to innovate comes down to a choice among various
competitive strategies. Although all markets are characterized by continuous
improvements in costs and product features, firms can choose to be followers of
innovation, and even outright laggards, and decide instead to compete on other terms.
The choice will often depend on the intensity of competition in a particular market or
on the demands of the firm's primary customers. These conditions will therefore
strongly influence the level of innovation. Porter (1990), for example, emphasized
the key role played by particularly demanding customers in stimulating a firm to
innovate.

Product architecture The second set of characteristics is related to the architecture
of the product that defines the market. The traditional view of innovation is the “better
mouse trap” — a superior stand-alone product that trumps its competition. But
increasingly, with the pervasive progress of information and communications
technologies, new products tend to be parts of systems — either closed systems (e.g.,
a better jet engine that is inseparable from the rest of the plane) or open systems (e.g.,
software that enhances the capabilities of Windows, or the thousands of new
applications being developed for smartphone platforms).




Chapter 2 — The Nature and Importance of Innovation

25

Product architecture will strongly influence the competitive dynamics, particularly as
systems integration demands close co-operation among market actors and increases
the importance of the “ecosystem” of supporting businesses that surround an innova-
tive firm. Innovators surrounded by rich ecosystems are much stronger competitors in
an innovation game as they typically have better access to relevant financial,
technological and marketing resources (Porter, 1990). A key contribution of clusters,
like the ICT cluster in Kitchener-Waterloo (see Chapter 7) or the video games cluster
in Montréal, is to create exceptionally rich environments for innovative firms. These
supportive ecosystems are much more important in new markets than in mature,
established markets, since, in the latter case, innovators have more control of their
innovation path and will rely more on internal resources or a few trusted partners. If
Canada wants to succeed in new market innovation, a great deal of attention will
have to be paid to the development of rich ecosystems in sectors of the economy
where new markets are emerging.
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INNOVATION DEFINED

From an analytical perspective, the OECD defines business innovation as “...the
implementation of a new or significantly improved product (good or service), or
process, a new marketing method, or a new organizational method in business
practices, workplace organization or external relations” (OECD, 2005a, p. 46).
This definition has been adopted by statistical agencies in most OECD countries
and by many economic analysts worldwide. It implies that:

*  an innovation 1s not simply an nvention, or even a practical prototype. There must be
implementation to a meaningful extent, though there is no required threshold
of commercial success. It follows that there often is a considerable lag between
the time of invention and the arrival of the related innovation, though the lag
has tended to diminish over time (Table 2).

e nnovation 1s not limited to products and services, nor to the direct application of science and
technology. Innovation also includes business processes, marketing methods, busi-
ness models and work practices. Indeed, many of the most far-reaching business
mnovations would fall into these categories — e.g., the factory assembly line,
television advertising, just-in-time inventory management, the global supply chain
and web-based commerce. Clearly, the concept of innovation is not limited to the
traditional image of breakthrough products coming out of the lab, much less
simply to the application of R&D or the grant of a patent.

Table 2
Invention to Innovation

Year of invention Year of Time lag (years)

commercialization

Radio 1887 1922 35
Insulin 1889 1922 33
Diesel-electric locomotive 1895 1925 30
Tungsten carbide 1900 1930 30
Automatic transmission 1904 1939 35
Kodachrome 1910 1935/36 25
Nylon 1927 1939 12
Xerography 1934 1950-55 16
Transistor 1940 1950 10

Source: Gerhard Mensch (1979) cited by Alexopoulos and Cohen (2009)
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The concept of innovation used in this report is intentionally broad and encom-
passes not only the direct innovative activities initiated within a business but
also the capital investment and knowledge acquisition by which the business
captures and employs innovation that is generated elsewhere (Baldwin et al., 2005;
Baldwin et al., 2009, forthcoming). That is because most of the innovation that is
ultimately used in a particular business originates outside the business itself and
1s acquired through investment in machinery and equipment, and by adaptation
of leading-edge knowledge that is circulating in business and academic environments
(von Hippel, 2005). This knowledge may be conveyed by consultants, courses,
conferences and other communications vehicles, as well as by the movement of people,
either from other firms and organizations or as graduates of educational institutions.

The focus of this report is on innovation in the business sector, which accounts for
about 85% of Canada’s output. Of course, public-sector investments in infrastructure,
education, R&D, health and social services are essential complements to private-
sector innovation (Harchaoui & Tarkhani, 2003; Gu & MacDonald, 2009), but this
report does not analyze these complementarities in depth.” Finally, there is much
about innovation that is not captured in analytical definitions and statistics (Box 3).

WHY INNOVATION MATTERS
Innovation acquires its economic significance in two ways:

* Innovation responds to, and fulfils, human needs and desires, and thus creates
entirely new possibilities and new sources of value in the marketplace.
e Innovation yields ever more efficient means to provide what people need

or want.

In both these ways, innovation drives an economy’s ability to create more economic
value from an hour of work, thereby increasing economic output per capita. The
resulting productivity growth creates the potential for rising wages and incomes,
and thus for a higher standard of living (CSLS, 2008a).?

4 Gu and MacDonald (2009) estimate that public infrastructure capital (primarily roads, bridges,
sewers and water treatment facilities) was responsible for about 9% of labour productivity growth
in Canada from 1962 to 2006 with the majority of the contribution occurring prior to 1980.

5 Per capita output and “standard of living” are not synonymous, though they are often equated in
economic discussion. A sharper distinction can be drawn between economic output and “quality of
life” since the latter depends on many factors including environmental quality, leisure time, life expec-
tancy in good health, personal security, social services and so forth. There is, nevertheless, a broad
correlation between per capita output and many of the population-based measures of quality of life.



28 Innovation and Business Strategy

Box 3 - Innovation in a Phrase

“He who fails to adopt new remedies must expect new evils, for time is the
greatest innovator.” — Francis Bacon

“It is not the strongest species that survive, nor the most intelligent, but the ones
who are most responsive to change.” — Charles Darwin

“An important scientific innovation rarely makes its way by gradually winning over
and converting its opponents. What does happen is that its opponents gradually
die out, and that the growing generation is familiarized with the ideas from the
beginning.” — Max Planck

“Innovation is the specific instrument of entrepreneurship; the act that endows
resources with a new capacity to create wealth.” — Peter Drucker

“Innovation distinguishes between a leader and a follower.” — Steve Jobs

“Being satisfied with the status quo means you are not making progress.”
— Katsuaki Watanabe

“If you're not failing every now and again, it's a sign you're not doing anything
very innovative.” — Woody Allen

Increasing the value created per hour of work is the only way in the long run for
a business to pay growing wages and to survive economically. That is why innova-
tion is the principal contributor to competitiveness, particularly for businesses
in high-wage countries like Canada. It is also why the systematic promotion of
innovation has become a primary preoccupation of business strategy in the most
advanced economies (Baldwin & Johnson, 1995; Baumol ¢t al., 2007; McKinsey &
Company, 2008).

It 1s evident from Canada’s experience that natural resources can also make a
region wealthy so long as supply lasts, prices are strong and the environmental
costs are acceptable. But these favourable conditions may be unsustainable or out
of a nation’s control (as the latest economic downturn reminds us), and are thus
no guarantee of continued prosperity (Brzustowski, 2008). Moreover, resource
production itself requires continuous innovation to increase efficiency, extend

supply and mitigate environmental impacts.
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SCOTIABANK COMMODITY PRICE INDEX'
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Reproduced with permission: Scotiabank Group, 2009

Figure 2.2
Scotiabank Commodity Price Index

The average price of Canada’s commodity exports trended down
in real terms for 30 years until the steep recovery beginning in
2002. Commodity prices are very sensitive to recession.
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While resource price booms
(Figure  2.2) may be
welcomed, they invariably
lead to appreciation of the
exchange wvalue of the
Canadian dollar and thus
undermine the cost
competitiveness of Canada’s
non-resource sectors that
are exposed to international
competition. These sectors,
which constitute a much
larger share of Canada’s
workforce and total output
than the primary resource
industries, will survive only
by becoming much more
productive and, to that end,
more innovative.® Even with
some currency depreciation,
many of Canada’s traditional
export strengths (other than
resource commodities) will
face increasing competition
from China, India, Brazil

and other rapidly industrializing economies. Technological upgrading and

implementation of more effective business practices — in short, a commitment to

continuous innovation — remain the principal ways to assure Canada’s continued

prosperity.

6 Manufacturing and the services sectors contributed almost 85% of GDP in 2007 while primary
extractive industries (mining, oil and gas, agriculture, forestry and fishing) accounted for only 7%
of GDP and a mere 4% of employment (Statistics Canada, 2008b, 2009). These statistics some-
what understate the importance of natural resources in Canada in view of the manufacturing and
business services activities that depend on primary resources and the export revenue they generate,

particularly in periods of buoyant commodity prices.
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A LONG-TERM PERSPECTIVE ON CANADA'S
ECONOMIC PERFORMANCE

To set the context for the discussion of the innovation performance of Canadian
business, it is relevant first to compare Canada’s overall economic performance to
that of other economically advanced countries, and particularly to the United
States, over a long period of time. If Canadian business has lagged seriously in
terms of innovation, the consequences should show up in macroeconomic com-

parisons with peer countries, and in fact they do.

Canada’s average living standard, measured as GDP per capita, has closely tracked
behind that of the United States for as long as comparative estimates have been
made (Figure 2.3). Output per person in the United States has always exceeded
that of Canada, usually by about 20%, though with substantial fluctuations
(Figure 2.4). This long-term perspective is exceptionally significant because it
shows that the two economies are strongly coupled in a dynamic equilibrium, with
the United States as persistent leader.” Clanadian society, and Canadian business
in particular, has become well adapted to this situation. When Canada has fallen
too far behind, implicit forces — economic, attitudinal and political — have always
eventually come into play to restore the balance. But history is not destiny. Indeed,
the restorative forces that keep the relative gap from widening indefinitely are
brought to bear only through the conscious actions of business and political
leaders, and of Canadians themselves (Howaitt, 2007).

Per capita output (GDP divided by total population) is, by definition, output per
hour worked (labour productivity) multiplied by hours worked per capita (a
measure of overall labour utilization in the economy).? Hours worked per capita
have trended up in recent years in Ganada and in 2007 exceeded the comparable
measure in the United States by about 4% (CSLS, 2008b, 2008¢). Thus the
roughly 20% gap between the United States and Canada in respect of per capita
output today is due entirely to a lower level of labour productivity in Canada.
Moreover, since the demographics of Canada’s aging population will constrain
the future increase of hours worked per capita, the growth of output per person
in Canada will depend increasingly, if not entirely, on productivity growth.

7 The US-Canada output gap in any given year can also be characterized by the time needed for
Canada to catch up to where the United States was in that year. For example, if real output per capita
in Canada grows by 2.3% per year, and if Canada’s output per capita is 80% of that of the United
States at some particular time, then eight years later, Canada will be where the United States had been
eight years earlier. Under these assumptions, the output gap of 20% is equivalent to a “time gap” of
cight years. If Clanada were to grow faster (slower) than 2.3%, the time gap would shrink (grow).

8 Hours worked per capita can be broken down as the product of four factors: (i) average hours
worked per worker; (i) the fraction of the population that is of labour force age (usually aged 15 to
65); (1ii) the fraction of the labour force age population that is working or seeking work (the “partici-
pation rate”); and (iv) one minus the unemployment rate — e.g., if the unemployment rate were 7%
(0.07), then factor (iv) is 0