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John English

EXECUTIVE DIRECTOR, CIGI

On behalf of The Centre for International Governance Innovation
(CIGI), it gives me great pleasure to introduce our working paper
series. CIGI was founded in 2002 to provide solutions to some
of the world’s most pressing governance challenges — strategies
which often require inter-institutional co-operation. CIGI strives
to find and develop ideas for global change by studying, advising
and networking with scholars, practitioners and governments on
the character and desired reforms of multilateral governance.

Through the working paper series, we hope to present the
findings of preliminary research conducted by an impressive
interdisciplinary array of CIGI experts and global scholars. Our
goal is to inform and enhance debate on the multifaceted issues
affecting international affairs ranging from the changing nature
and evolution of international institutions to analysis of powerful
developments in the global economy.

We encourage your analysis and commentary and welcome
your suggestions. Please visit us online at www.cigionline.org
to learn more about CIGI’s research programs, conferences and

events, and to review our latest contributions to the field.

Thank you for your interest,

LA
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Abstract

The rapid and unprecedented reorientation of the global econ-
omy in recent decades has compounded the importance of national
competitiveness and innovation strategies. Governments play a
critical role in promoting science and technology, as innovation
requires a level of investment not easily derived from the private
sector. With much of the world's manufacturing shifting to Asia,
political support in industrialized countries has moved away
from heavy industry in favour of nanotechnology, biotechnology,
digital enterprises, and alternative energy solutions. This paper
comments on the existing methods of analysing national science
and technology policies, and makes an assessment of the innova-
tion strategies adopted by three very different countries — Japan,
Canada and Nigeria. In particular, it illustrates how nations at
varying stages of development have responded to modern scien-
tific and technology opportunities and challenges. The paper con-
cludes that the widening ‘digital divide’ requires a significant
response from governments and international institutions in order
to create greater and more equitable global prosperity.



1. Introduction

National innovation agendas and policies have become com-
monplace across much of the world. National governments from
Finland to Australia and from Singapore to Botswana, promote
aggressive plans for the mobilization of scientific and techno-
logical capacity and commercialization of scientific and tech-
nological developments. In the quarter century after World War 11,
countries competed through industry, adding manufacturing and
processing capacity, using tariff and other regulatory measures to
protect and sustain industry and counting on skilled labour and
capital intensive enterprises to generate national wealth and inter-
national competitiveness. The battleground now has shifted deci-
sively from the shop floor to the laboratory, with growing empha-
sis on commercialization efforts as a means of ensuring 21%cen-
tury economic success. For national governments, the 21 century
economy belongs to Nokia, Research In Motion and Google, not
US Steel, General Motors and Massey Ferguson. In the early years
of the 21* century, with much of the world's manufacturing
shifting to China and other Asian countries, political emphasis
has shifted from heavy industry to nanotechnology, biotech-
nology, digital enterprises, and alternative energy solutions. A
comparative assessment of the approach to innovation in three
very different countries — Japan, Canada and Nigeria — illustrates
how nations at varying stages of industrial and commercial trans-
formation have responded to 21* century scientific and tech-
nology opportunities and challenges.

In the midst of the rapid and unprecedented reorientation of
the global economy, debate has arisen about the best means of
mobilizing human and financial resources in the interests of
national economic success. While politicians wrestle with the
public policy implications of the new realities, academics and
analysts have been debating the complex issue of national inno-
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vation strategies (see Holroyd and Coates, 2007). This lively,
engaged and increasingly important field of inquiry speaks to
the important intersection between scholarship and public policy
relating to economic development. Governments are truly uncer-
tain about how best to proceed in the current environment and, in
most instances, understand that profound economic, employment
and commercial changes are underway. There is widespread inter-
est in local, regional and national success stories, and a realiza-
tion that the conjunction of forces, resources and circumstances
that created Silicon Valley, the Shannon economic zone in Ireland
or the information technology cluster in Waterloo, Ontario, are not
easily reproduced in other regions. The contemporary challenge
of responding to scientific and technological developments is
far from new. Over the past two centuries, major improvements
in science, agriculture, communications, transportation, industrial
processes, marketing, resource use, and technological innova-
tions have transformed economies and challenged national gov-
ernments to respond to the threats and opportunities. Such core
innovations as universal education originated in efforts to respond
to the requirements of the industrial revolution, just as the post-
World War II expansion of university systems reflected the needs
and aspirations of the Cold War space and arms races.

2. Modes of Analysis

The academic debate about national innovation policies
provides an important foundation for considering the efforts of
various national governments to ensure that their countries
remain internationally competitive and prosperous in the face
of rapid economic and political change. Although the pace of
contemporary scientific and technological innovation has led
commentators to highlight the uniqueness of the current eco-
nomic transition, economists from Adam Smith and Frederick
List (1904) to present day economists at the World Bank (1991)
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have emphasized the importance of responding to technologi-
cal change and preparing the population for economic engage-
ment through appropriate education and training.'

Scholarship on national innovation expanded dramatically
after 1950, in keeping with the growing policy emphasis on the
relationship between scientific and technological research and
commercial development. Scholars put increasing emphasis on
knowledge-driven economic growth, seeking to understand the
role that scientific research had on the broader economy. There
was interest, as well, on the diversity of national responses to the
promise and challenge of scientific innovation, as some countries
and regions fell well-behind, others capitalized on wealth and
industrial strength to surge ahead and still others sought to catch
up to the leading nations through government-led commitments
to scientific innovation. As the pace of science-based innovation
accelerated, the gap between the leading nations and the devel-
oping world has grown steadily wider, generating intense debate
about the drivers and actions needed to promote innovation and
close the knowledge gap.? The importance of the division between
technologically rich and poor nations was popularized in the
1990s through the debate about "digital divides," referring to the

' Chris Freeman (2002), assessing the earlier work of Frederick List wrote:
“List’s clear recognition of the interdependence of domestic and imported tech-
nology and of tangible investment has a decidedly modern ring. He saw too that
industry should be linked to the formal institutions of science and of education:
There scarcely exists a manufacturing business which has no relation of physics,
mechanics, chemistry, mathematics or to the art of design, etc. No progress,
no new discoveries and inventions can be made in these sciences by which a
hundred industries and processes could not be improved or altered. In the manu-
facturing State, therefore, sciences and arts must necessarily become popular.”
On the crucial role of Christopher Freeman’s work on the study of NIS, see
Lundvall (2004).
> Asignificant part of the academic debate revolved around the best means of
assessing scientific and technological achievement. For a commentary on the
importance of indicators in the field, see Grupp and Mogee (2004).
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slow uptake of the Internet in emerging economies and the conse-
quent economic disadvantages that attended this shortcoming
(Lu, 2001: 1-4).

Studies of national strategies demonstrated that innovative
economic networks involve companies, universities, private sec-
tor research groups and government research units. This research
demonstrates the manner in which policies, funding, regulatory
environments and training systems are mobilized in the interest
of national competitiveness and innovation (Furman and Hayes,
2004: 1329-1354; Lundvall, 1992). Research on the importance
of scientific facilities, personnel and research programs illustrated
that the level of innovation in a particular country is strongly
correlated with the number and activities of scientific institutions
(Van Looy et al., 2006: 295-310). Furthermore, national govern-
ments have over the past twenty years, placed increasing emphasis
on universities as engines of scientific and technological develop-
ment, adding additional economic expectations to the institutions'
educational and civil society duties (Etzkowitz and Leydesdorft,
1997; Guston, 2000).

The conjunction of economic circumstances — national in-
vestment in social and physical infrastructure, the availability
of risk capital, supportive and effective trade and investment
policies, access to natural resources, and a culture of commer-
cial and manufacturing innovation — can create environments
conducive to economic prosperity, expansion and leadership.
This occurred in England in the early to mid-19" century, fuel-
ing the dynamic expansion of the British Empire, the United
States at the turn of the 20" century, and Japan in the 1960s and
1970s. At other times, as with Europe during the late 19"
century and again in the 1980s and East Asia in the same
decade, some national governments shared in a period of expan-
sion and growth, usually through the development of extra-
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national policies and approaches which supported rapid eco-
nomic development (Freeman, 1995: 5-24).

Economists and economic historians have endeavoured to
explain national successes and failures over the years, searching
for characteristics and policies which set one country apart
from others (Gerschenkron, 1962; Perez and Soete, 1988).° As
Christopher Freeman, whose work on national innovation has
been instrumental in defining the field, wrote of subsequent
research on successful and flawed national attempts at techno-
logical catch-up and innovation,

All of these accounts emphasize the role of active policies
at the national and firm level in the import, improvement and
adaptation of technology as characteristic of successful catch-
up. A study of innovation strategies in East Asia, involving a
series of countries attempting to catch-up to more econom-
ically advanced nations, documented the importance of intel-
lectual property rights and demonstrated that public R&D
funding was particularly useful if a country had identified areas
of industrial and commercial specialization and devoted that
spending to innovation initiatives in those identified areas.
(Hu and Mathews, 2005: 1322-1349)

National governments can — by creating the right conditions for
investment and development — encourage innovation as a means
of expanding economic activity.

In one of the more important studies in the field, Jeffrey
Furman and Richard Hayes (2004) examined the experience of

* Gerschenkron developed a theory of latecomer advantages through his study of
German and Russian firms. Perez and Soete, focusing on long-term failure rather
than success, examined the disadvantages facing economic late comers and ex-
plained the difficulties involved in adjusting to and capitalizing on new technologies.
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a series of countries and their approaches to industrial innovation.
The comparative study of patterns of investment, policy innova-
tion and the training of personnel pointed to specific and important
steps governments could take to encourage national economic
growth. Furman and Hayes emphasize that policy statements are
necessary even vital but, on their own, far from enough to mobilize
commercial innovation. Other elements, including sectoral spe-
cialization, a national commitment to education and training, and
substantial investment in infrastructure, must build upon general
policy statements if a country expects to compete internationally.
There are few nations in which, at least conceptually, this formu-
lation is not understood.

Debate about the role of governments in promoting innova-
tion touches on one of the central issues in the field of political
economy: the matter of the role and effectiveness of governments
in shaping national economic activity. For decades, a strong empha-
sis on Keynesian economics supported the idea that governments
could and should play an activist role in managing economic devel-
opments and priorities. The neo-liberal revolution, represented intel-
lectually by Milton Friedman and politically by Margaret Thatcher
and Ronald Regan, challenged the belief in the efficacy of national
leadership and favoured reduced taxes, fewer regulations, limited
trade barriers, and the removal of other areas of government interfer-
ence from the economy. While the free market emphasis has been
credited with sparking a period of global economic prosperity, it
has also undercut the economic stability of many countries and
forced governments to reconsider their role in providing economic
leadership and guidance (Devine, 2005: 491-517; Holroyd, 2002).

The nation has been the crucial unit of analysis in determining
the strength and success of economic innovation, although recent
commentators have challenged the centrality of nation-level
comparisons, arguing that regional economies have superseded
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national systems as the key drivers in commercial transforma-
tion.* While some, such as Ohmae (1990) argue that the economic
influences of globalization have undercut the authority of the
state, others point out that national politics, particularly in liberal
democracies, interfere with efforts to capitalize on site or region-
specific opportunities for commercial synergy or international
leadership, forcing greater attention to short-term political con-
siderations in determining national investments. This said, many
of the most impressive illustrations of commercial innovation
are tied to specific regions and reflect the unique combination of
companies, government agencies, universities, and investors in a
particular location (DeBresson, 1989; DeBresson and Amesse,
1991). In the end, regional and national innovation strategies are
not incompatible. In fact, properly constituted regional innova-
tion initiatives are essential building blocks in the development
and implementation of a national policy. Save for the smallest
countries, Singapore being the best example in this field, each
nation has several or many regions, all with unique strategic
advantages and challenges. An appropriate national innovation
strategy builds upon a series of region-specific innovation
policies (Chung, 2002: 485-91).

Michael Porter's work on cluster development played a key
role in sparking intellectual analysis of national economic inno-
vation and its intersection with regional economic development.

* The emphasis on regional GDP has attracted considerable attention of late,
in part because of national efforts to identify areas in need of assistance and, on
a broader scale, through the European Union’s program of supporting less suc-
cessful economic zones. For a useful Canadian perspective, with an overview
of various means and methods of estimating regional GDP, see Lemelin and
Mainguy (2005). For an example of global comparisons of regional GDP,
using 1999 data, see Demographia: <http://www.demographia.com/db-intlppp-
region.htm>. Metropolitan-level data for 2002: <http://www.demographia.com/
db-gdp-metro.pdf>.
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Porter (1990), who has advised governments from Canada to
New Zealand and Japan on adaptations to the new economy,
argued that national governments are critical to efforts at eco-
nomic innovation. He strongly recommended cluster develop-
ments, calling on national and regional governments, universities
and the private sector to identify commercial niches which cap-
italized on specific comparative advantages, and to collaborate
on the exploitation of associated commercial opportunities.

Regional centres benefit, in particular, from the construction
of big science facilities, touted worldwide as the cornerstone of
scientific commercialization and national innovation. Synchro-
trons (sub-atomic particle accelerators) have been built in many
countries, as nations hope to capitalize on research and commer-
cial opportunities in material science, biotechnology, medicine and
other fields. Governments provide hundreds of millions of dollars
for these facilities, hoping that the pay off in terms of basic re-
search and commercial spin-offs will compensate for the initial
investment. As Beise and Stahl (1999) explained:

Big science installations are the epitome of national innova-
tion strategies, combining sizeable government investment,
academic engagement, national and even international col-
laboration, high expectations for regional economic devel-
opment, and extensive plans for long-term commercial devel-
opment. Promoters of these projects speak enthusiastically of
the prospect for long-term economic gain and of the prepa-
ration of the region and country for global competitiveness.’

Governments, of course, cannot complete an innovation strat-
egy on their own. National innovation efforts are designed to

* See also Feller Ailes and Roessner (2002).
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feed into the corporate system and encourage commercial trans-
formation, job creation and improved economic performance.
Innovation must therefore be a priority for companies as well
as countries. Companies that fail to innovate can suddenly find
themselves fighting for survival, as the North American auto-
mobile industry has discovered in recent years. National invest-
ments in basic research are designed to provide the building
blocks for product and process developments. Expansion and
improvement of educational systems, particularly at the post-
secondary level, are intended to ensure that there are researchers,
innovators and workers for the expanding and innovating com-
panies. Trade and investment policies seek to attract capital,
provide a secure and business-friendly environment for commer-
cial expansion. Without corporations willing and able to accept
the challenge of innovation, however, the innovation edifice
crumbles almost immediately. Unless companies are available
with the capital, entrepreneurial bent and commercial acumen
necessary to capitalize on the intellectual and practical dis-
coveries, innovators and their valuable innovations migrate to
other regions or countries.

Although evidence from corporate, regional and national
innovation efforts strongly suggests that broader, even global
networks of knowledge sharing facilitate innovation and eco-
nomic development, national innovation systems have been slow
to expand internationally. There are political imperatives behind
such circumstances. Governments fund research programs and
facilities, hoping to encourage national scientific and techno-
logical accomplishment and commercial spin-offs. Engagement
with foreign countries, by definition, runs counter to the nation-
centric approach preferred by governments. Scientific and tech-

¢ As this relates to Japanese firms, see Nonaka and Takeuchi (1995).
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nological research being what it is, however, collaborations and
partnerships often extend far beyond national boundaries.
These researcher-centred networks, in turn, draw in corporations
and private research institutes from a variety of countries. The
research results are shared internationally through conferences,
publications and various collaborative ventures (Carlsson, 2006:
56-67). Some countries, led by Japan, have sponsored exten-
sive international linkages in the interests of capitalizing on the
full benefit of national and international investments in scientific
infrastructure. In an increasingly globalized commercial environ-
ment, where outsourced manufacturing and service operations,
foreign branch plants, joint ventures, and long-term delivery
contracts have become the norm, Gibbons et al. (1994) suggest
that the internationalization of science and technology linkages
has become integral to national innovation strategies.

As far as the global implications of this marked shift in
economic priorities and planning toward innovation and big
science goes, however, there appears to have been little discus-
sion. In the early years of the Internet, politicians and global
leaders spoke with concern about the "digital divide" and
wondered about the future of the international economy when
industrial nations had ready access to the latest communications
technologies and developing nations lacked basic connections.
Massive investments in Internet connectivity brought digital
communications to major cities around the world. Developments
in satellite communications and, more significantly, wireless tele-
phony and wireless Internet, eliminated the need for emerging
nations to invest heavily in hardwire connections and allowed
for the rapid expansion of digital services into hitherto uncon-
nected areas. But there has been little equivalent international
conversation about "nano-divides" or "biotech-gaps," despite the
now standard assumption that economic prosperity in the coming
decades relies heavily on the ability of national economies to
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replace labour intensive manufacturing activity with high-tech-
nology based investments and productivity.

The potential exists, therefore, for successful high technol-
ogy nations, led by Japan, Finland, Ireland, South Korea, and
the United States, to make a successful transition from industrial
to high-tech economies while developing and transitional states,
having not caught up on the manufacturing and industrial front,
fall further behind in a global economy increasingly tied to
developments in new technologies. Equally concerning is the
potential for gaps to emerge within developing countries them-
selves. In Africa, for example, the Executive Director of the
National Institute for Scientific and Industrial Research in
Zambia, Mwananyanda Mbikusita Lewanika (2006), argued that
recent proposals to create African centers of scientific excel-
lence "will concentrate development in just a few countries,
condemning the rest of the continent to the status quo." Paul
Wolfowitz, former president of the World Bank, has been urging
developing countries not to ignore the importance of science
and technology in reducing poverty. Speaking at a meeting of a
large gathering of representatives of government, academia, the
private sector and NGOs in February 2007, he said "The amount
of resources that poor countries devote to science can't be zero.
That would condemn poor countries to backwardness... If you
want to tackle poverty, science technology and innovation must
be part of the picture" (cited in Dickson, 2007a).

The integration of developing and transitional economies
into the highly competitive and fast moving new economy will
not be easy. Industrialized countries are investing between 1 and
3 per cent of their GDP into science and technology research. For
most developing countries, matching this level of investment,
let alone contributing enough to be a significant presence in the
field, would be a nearly insurmountable challenge. National
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governments are making major investments in technological
infrastructure (synchrotrons, quantum computing facilities, bio-
technology laboratories) and competing aggressively to capture
leading talent for academic, government and industrial research
facilities. Companies entering these fields require access to large
sums of risk capital, in the full knowledge that their products
and services have both global markets and large numbers of
international competitors. Moreover, and to a degree that most
national governments do not yet acknowledge, most of the key
scientific developments, particularly those arising from academic
research, are not proprietary and can easily shift from the
country or region of discovery to a very different location for
development and commercialization.

In this environment, developing and transitional economies
face formidable challenges. With a few exceptions — India being
the best example and with China catching up quickly — these
nations lack the financial resources and heritage of scientific and
technological development to compete with the wealthier nations.
Fundamental infrastructure in elementary and secondary educa-
tion, secure communications systems, and internationally com-
petitive laboratories is typically very weak. While several have
marshalled the resources to invest in major scientific instruments,
most lag far behind in basic, let alone advanced, scientific and
technological facilities. The innovation gaps are therefore signifi-
cant and serious. In most developing countries, one or more of
the following circumstances prevail: low rates of high school
completion, limited university attendance, weak performance in
scientific and technological education, insufficient capital for
major scientific investments, a prolonged exodus of researchers
to the leading industrial nations, an absence of risk capital,
inadequate national infrastructure for commercialization, in-
sufficient protection for intellectual property rights, or limited
numbers of skilled workers for technology-based manufactur-
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ing and processing. In short, developing and transitional nations
face fundamental shortcomings in their attempts to create com-
petitive industrial economies; they confront even greater chal-
lenges in their efforts to compete in a science and technology-
drive economic reality.

Analysis of innovation policies and initiatives shows that
national government policies matter, investments in social and
physical infrastructure are crucial to commercial success, and
corporate innovation contributes a great deal to the prosperity
of the nation. Innovation policies and approaches tend to be
nation-specific, in that they emerge from and respond to the
unique economic, social, cultural and political system of a
particular country (Edquist, 1997; Lundvall, 1992; Nelson, 1993).
However, in recent years, national governments and academics
have placed considerable emphasis on investigating trans-national
and transferable policy elements. Governments around the world
speak enthusiastically, but without context and understanding,
of reproducing the Silicon Valley model in their countries.

Despite the wide-ranging enthusiasm for innovation initia-
tives, discussion of the lessons and pitfalls of these initiatives
has been limited. It is important to know what is happening
around the world, to identify the most successful approaches,
and to understand the steps taken to ensure that no country is
left out completely. The reality, of course, is that scientific and
technological innovation has many of the same elements as all
other competitive international economic processes, with clear
winners and losers, and with huge, even insurmountable, prob-
lems for smaller and impoverished countries. The concerns
raised by the earlier debate over the digital divide could pale in
comparison to those generated by the innovation revolution. A
more optimistic scenario would emphasize the rapid reposition-
ing made possible by the development or deployment of sci-

13 | Carin Holroyd



entific or technological implementations that could radically
change the economic trajectory of hitherto poor nations.

3. A Three Country Comparison

A brief look at three countries — Japan, Canada and Nigeria —
and their approaches to 21* century innovation illustrates some
of the differences in starting points, resources, approaches and
objectives that characterize national innovation strategies. Japan
has one of the largest economies in the world and its 130
million people are almost uniformly well-off. Japan is attempt-
ing to keep its world renowned manufacturing sector vibrant
and sustainable, adjusting to an aging population (with all of
the implications of its changing demographic profile for the
labour force, social security, and health care) and addressing the
concerns which it shares with the rest of the industrialized world
for the environment. Japan's decision to declare itself an "Inno-
vation Nation" came from a need to revitalize itself and stra-
tegically determine its future. The Japanese government has sup-
ported its strategy with billions of dollars. After a decade, the
national authorities declared themselves pleased with the results.
As with all such programs, success is defined in specific ways.
In this instance, the government drew attention to the growing
status and volume of Japanese research results, four Nobel Prizes
after 2000, increased technology transfer from universities to
corporations, major increases in solar power attributable to newly
developed Japanese technologies, a sharp growth in the number
of international patents held by Japanese scientists, and very
specific advances in key technological areas, including nano-
technology, biotechnology, cancer therapies and regenerative
medicine (Japan, 2007; Holroyd and Coates, 2007).

Canada is a wealthy industrialized country, heavily depend-
ent on natural resource but with pockets of cutting edge sci-
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entific and technological expertise. Its population is less than a
quarter of Japan's but it occupies a land that is many times larger.
Canada's challenges include managing its resources (dealing
with everything from the devastating impact of pine beetle on
the forests of British Columbia to declining fish stocks off both
the Atlantic and the Pacific coasts to the volatility of mineral
prices), finding ways of adding value to those resources prior to
exporting, and the need to balance its resource base with more com-
mercial services (including research and development), manufactur-
ing or scientific industry. The Canadian government has begun
to put more money into science and technology and has expressed
a desire to be at the top of the world in both its commitment to
innovation and the commercialization of science. The scale of
the funding Canada has committed to research and development,
however, lags well behind competitor nations like Japan.’

In contrast to Japan and Canada, Nigeria is extremely poor.
Nigeria faces basic challenges that are markedly different from
Japan or Canada: feeding and clothing its population, assuring
access to clean water and maintaining basic infrastructure. Little
has happened so far on the innovation front in sub-Saharan Aftica,
but academics and consultants are urging countries in Africa to
recognize the importance of science and technology innovation
in economic planning. Nigeria now has some promising initia-
tives underway. It lacks, however, the resources for the range and

7 Canada's investment in research and development hovers under 2 per cent of
GDP. Japan's investment, in contrast, has been consistently above 2.5 and has
exceeded 3.0 per cent of GDP in recent years. A small number of other nations,
including Sweden, Israel and South Korea invest at comparable levels of Japan.
The United States usually commits around 2.5 per cent of GDP to the area.
Nigeria, like most developing countries, has traditionally devoted a miniscule
amount of its small GDP, around 0.1 per cent, to research and development.
For additional details, see NationMaster.com: <http://www.nationmaster.com
/index.php>. For comparisons among wealthier nations, see OECD, "Main Science
and Technology Indicators, December 2006".
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scale of projects of Japan or Canada. For Nigeria, as for other
emerging nations, analysts agree that being part of global science
and technology advances and having an innovation strategy are
key to future economic prosperity.

Japan

Since the 1970s, Japan has been recognized internationally
as a leader in scientific and technological innovation. This is the
country, after all, that spearheaded miniaturization, just-in-time
manufacturing, quality circles, and robotics. In the middle of a
prolonged recession following Japan's famed "bubble economy"
period of expansion, the country's leaders sought a strategy for
economic renewal and international competitiveness. Not surpris-
ingly, it committed itself to a national innovation strategy. In
1995, Japan declared it would become an "S&T nation" and
enacted the Science and Technology Basic Law, and the first of
three Science and Technology Basic Plans. This began a period
of broad and deep reforms designed to modernize and revitalize
the management and research structure of universities and to
encourage greater government-industry-university collaboration.
Working closely with industry and regional authorities, the gov-
ernment determined to re-energize the economy over the long-
term through a focus on science and technology (Holroyd and
Coates, 2007).

The First Science and Technology Basic Plan (FY 1996-2000)
increased government expenditure on research and develop-
ment and focussed on the creation of a new R&D system. Total
government expenditure exceeded ¥17 trillion (US$155 billion).
Competitive research funds were dramatically increased, includ-
ing support for 10,000 PhD students and post-doctoral fellows,
and the promotion of industry-academia-government collabora-
tion began in earnest. In 2001, the Second S&T Basic Plan
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(FY2001-2005) highlighted the key objective of promoting and
prioritizing basic research. The amount of competitive research
funding was doubled and again collaboration was enhanced.
Japan announced that it aimed to have 30 Nobel Laureates within
the next 50 years. (Japan currently only has about a dozen Nobel
Laureates about the same number as Australia while the United
States has over 175 and Germany over 90.)

The First and Second Basic Plans sought to solidify the foun-
dation of science and technology in Japan. Public opinion polls,
surveys of researchers — particularly female and younger sci-
entists — and international comparisons of R&D funding and aca-
demic results were undertaken to determine what Japan required
to become an advanced science and technology-oriented nation.
In January 2001, the Council for Science and Technology Policy
(CSTP) was established within the Cabinet Office. Chaired by the
Prime Minister, it is composed of 14 members, including six
cabinet members heading ministries closely related to science
and technology and seven executive members drawn from indus-
try and academia (Japan, 2007).

The Third S&T Basic Plan, launched in March 2006, called
for a total expenditure of 25 trillion yen or annual government
R&D spending of about US$40 billion for five years. The plan
aims firstly to return the benefits of scientific and technological
innovation to society by enhancing the quality of life of its
citizens and by commercializing the discoveries that have already
been made through earlier R&D investments. The Third Plan
focuses on commercialization of technologies and public educa-
tion about recent discoveries. Its major policy goals are to achieve
a quantum leap in R&D, make breakthroughs in advanced sci-
ence and technology and in sustainable development, develop
Japan's reputation as an innovative country and create a healthy
aging society with assured security.
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Within its overall strategy, the government identified four
priority fields: life sciences (including biotechnology), infor-
mation technology, environmental research and nanotechnology/
materials science. Several secondary priorities, including energy,
monozukuri (manufacturing) technology, scientific and techno-
logical infrastructure and frontier science (outer space and oceans)
were also identified. The Third Plan continues efforts to promote
research among young and female scientists, attract more foreign
researchers, spur senior scholars and developers to further action,
and strengthen industry-academic-government collaboration.
The government also emphasized patents and patent manage-
ment, the funding of research through competitive grants and
maintaining a national system of evaluation.

A cornerstone of Japan's innovation effort was a major reor-
ganization of the Japanese university system which began in
1998. One of the objectives of the reorganization was to encourage
greater university-industry collaboration and thus broaden the
impact of academic research. This was a lofty ambition — to make
the Japanese national universities more responsive, more inde-
pendent and less like branches of the national government — and
the government moved rapidly. Measures such as the Law to
Promote the Transfer of University Technologies allowed aca-
demic researchers to engage in commercial activities as consult-
ants, researchers, managers and even owners, thus breaking a
long-standing formal division between academia and the com-
mercial sector. The initial results have been impressive. Between
1999 and 2005, the number of university start-up companies
increased from 28 to over 1,100. University technology licensing
offices expanded from 16 in 2000 to 39 in 2005.

The government also began to develop industrial and knowl-
edge clusters. In 2001, the Ministry of Economy, Trade and
Industry (METT) launched an industrial clusters initiative, hoping
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to revitalize regional economies in the process. There are now
17 clusters involving 250 universities and close to 6,100 com-
panies. They range in size from projects like the Shikoku Techno
Bridge (300 companies and five universities collaborating in
the health, welfare and environmental fields) to the Tokai Project
to Create Manufacturing Industry (770 companies and 30 univer-
sities). The Ministry of Education, Culture, Sports, Science and
Technology (MEXT) launched an Intelligent Clusters Project
in 2002, creating 12 groups designed to enhance connections
between academic knowledge and industrial development.

Japan has emerged as a world leader in government-led sci-
entific and technological development. Its investment in research
is among the highest of the industrialized nations and the leader-
ship provided by national politicians remains impressive. The cor-
porate world, even more importantly, invests heavily in both pure
and applied research and has provided world-leading and commer-
cialized products in fields as diverse as photovoltaic cells, nano-
technology, industrial and domestic robots, mobile Internet, and
biotechnology. The country's stronger and more consistent eco-
nomic performance in recent years is due, at least in significant
measure, to a pattern of national innovation and the commerciali-
zation of science and technology. Perhaps of even greater signif-
icance, the country's large investments in pure science and in
academic-government-industry partnerships have established a
foundation for the hoped for long-term economic transformation
and competitiveness.

Canada
Canada is well-known internationally for its impressive
endowments in natural resources and has long been viewed as a

"hewer of wood and drawer of water." While this image obscures
an impressive historical tradition of industrial development in
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Ontario and Quebec, the manufacturing base in Canada has long
been dependent on extremely strong ties with the United States,
particularly in the automotive sector and in the export of natural
resources over the past four decades. While the country has made
strides in several emerging science and technology-based fields,
including information technology, pharmaceuticals and biotech-
nology, it remains politically and economically dependent on the
exploitation of natural resources and the export of raw materials,
largely to the United States. Given the uneven nature of the natural
resource economy, a much stronger currency, and the recent rapid
decline of central Canadian manufacturing due to competition
from Asia, national and provincial politicians have been eagerly
searching for an alternate foundation for job creation, industrial
expansion and sustained prosperity. Like other industrial nations,
Canada turned to the innovation agenda.

Beginning in the 1990s, Canada began to demonstrate grow-
ing concern about the country's long-term economic prospects,
particularly in the area of international competitiveness. Former
Prime Minister Jean Chrétien (1993-2003), supported by key
ministers Paul Martin and John Manley, made significant com-
mitments to a national innovation program. Mr. Chrétien declared,
over-optimistically as it turned out, that Canada would become
one of the top five nations in the world in the percentage of GDP
devoted to science and technology investment. New programs
and a variety of industry-academic partnerships provided several
billions of dollars in additional investment, most of it directed
to science and technology. As a major report by the Canadian
Council of Academies (2006), The State of Science and Techno-
logy in Canada, recently concluded, "by international standards,
Canada is strong in the production of scientific knowledge
(journal publications), relatively weak in commercially tangible
innovation (patents) and quite dynamic in the early stages of
commercialization of inventions arising out of research." The
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report concluded that Canada was holding its own in the highly
competitive work of science and technology R&D but that other
countries, including Japan, were investing more heavily and were
gaining comparative advantage.

Canada has a comparatively small economy and its invest-
ments of hundreds of millions of dollars in scientific infrastruc-
ture pale in comparison to the commitments made by Japan, the
United States and other nations. Nonetheless, the imperative for
Canada is clear. The Canadian Council of Academies (2006) report
concluded: "Looking forward — as Canada's population matures —
it can be said that innovation and the productivity growth that
innovation generates is the only assured and sustainable way to
keep Canada's prosperity and quality of life abreast of its peers."
Canada invests slightly under 2 per cent of GDP in R&D, and
this is due largely to a concerted "catch-up" effort launched by
the Chrétien government, mostly in the form of the university and
hospital-based Canada Foundation for Innovation, the Canada
Research Chairs program, and expanded funding for the Canadian
Institutes for Health Research and the National Science and
Engineering Research Council. Only once —in 2001 — has Canada's
investment in R&D exceeded 2 per cent of GDP. Importantly,
the substantial commitment of government funds for scientific
and technological research has not been matched by funding
from the private sector, leaving Canada with one of the highest
levels of government supported research in the world and a less
than impressive track record on the corporate side.

In May 2007, the Canadian government launched a new
policy entitled Mobilizing Science and Technology to Canada's
Advantage, its new science and technology strategy. At the launch,
Canadian Prime Minister Stephen Harper pointed out that Canada
has been lagging behind other G7 nations in commercializing
new technologies. He went on to say "No country can remain
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prosperous and healthy without reinvesting a substantial portion
of its wealth in science and technology,... "[It] fuels innova-
tion, sustains good jobs and rising standards of living and under-
lies improvements in medicine, communications and family life"
(Vrbanac, 2007). In this, Prime Minister Harper echoed state-
ments made by governments the world over.

The strategy discusses the need to translate knowledge into
commercial applications, position Canada "at the leading edge
of important developments that generate health, environmental,
societal, and economic benefits," attract highly skilled people
to the country and encourage science and technology collab-
orations across the private and public sectors and the academy.
To this end, the government's priorities are to be guided by four
core principles: "promoting world-class excellence, focusing on
priorities, encouraging partnerships and enhancing account-
ability." More specifically, tax rates on new business will be
lowered to the lowest in the G-7, the private sector will develop
and lead new research networks and the government will support
large research and commercialization centres in sectors in which
Canada has serious potential to achieve world-class results.
Sectoral priorities were identified as being environmental sci-
ence and technologies, natural resources and energy, health and
related life sciences and technologies and information and
communications technologies.

The Canadian debate about scientific and technological inno-
vation has escalated at an interesting point in the country's history.
Unemployment rates have been lower than at any point in 30
years, the value of the Canadian dollar has risen dramatically,
national and provincial debt has fallen to among the lowest level
in the industrialized world, and several regional economies
(Southwest British Columbia, Alberta, Saskatchewan, and parts
of Ontario) are expanding rapidly. The areas in greatest eco-
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nomic difficulty, particularly rural and northern Canada and the
Maritime provinces, are not known for scientific and techno-
logy investments and remain heavily dependent on government
transfers. The government and several provincial governments,
led by Ontario, supported by a small but vocal scientific and
high technology corporate community, are pushing aggressive-
ly for additional research and development investment, but in
an atmosphere of national economic complacency. Unlike
Japan in the mid-1990s, when the country's malaise generated
widespread support for new approaches, Canadian political
leaders are attempting to redirect the national economy at a
time when most Canadians are pleased with the country's
economic performance.

Nigeria

Nigeria faces profoundly different challenges than do Japan
and Canada. The most populous country in Africa, with a popu-
lation of close to 140 million, the nation has experienced frequent
political upheaval, ethnic tensions, severe environmental problems
related to uncontrolled resource development, and serious prob-
lems with foreign debt (now largely alleviated). Nigeria, like
Canada, has sizeable oil and gas reserves and has the economic
potential to break out of the economic distress that has paralyzed
sub-Saharan Africa in recent decades. But like its neighbouring
countries, Nigeria has suffered through prolonged periods of
political turmoil and has struggled to cope with systemic corrup-
tion and administrative difficulties. On the standard measures
of the foundations for scientific and technological innovation —
literacy, high school graduation rates, university attendance, relia-
ble infrastructure, respect for the rule of law and intellectual
property rights — Nigeria fares poorly compared to the leading
industrial nations.
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According to Carlo Petrobelli (2006), an academic and con-
sultant who has written extensively on industry, technology and
trade in developing countries,

the biggest policy gap in Africa is perhaps the lack of official
appreciation of how important technology development is to
manufacturing growth and competitiveness. Institutional mech-
anisms for evaluating and setting science and technology prior-
ities are rare — national strategies largely consist of statements
of good intent that are over-ambitious and rank low in govern-
ments' priorities.

These problems are exacerbated by a lack of scientists. UNESCO
estimates that there are about one in ten thousand people. Many
Africans who do graduate with engineering or science degrees
migrate to other countries (Lewanika, 2006).*

However, there are promising developments emerging in
Africa, with Nigeria offering an example of the continent's dreams
for economic competitiveness. Plans are afoot for a series of
African Institutes of Science and Technology (AISTS) — also
known as Nelson Mandela Institutes — designed to recruit Africa's
best students and scholars to address the problems facing the
continent. The first AIST, offering undergraduate and graduate
programs and supporting scientific and technological research,
is to open in conjunction with Nigeria's Abuja Technology Village,
a cluster of research organizations and companies. (The other
sites are likely to be in South Africa and Tanzania.) The Nigerian
government has already contributed over US$30 million of start-
up funding and a large parcel of land near Abuja, the capital of

# According to Algeria's Foreign Minister Mohammed Bedjaoui some 23,000
African university graduates leave the continent each year, contributing to a massive
African brain drain that many argue adds to the economic crises (Sawahel, 2006).
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Nigeria and a city of close to 1.8 million people. Abuja Technol-
ogy Village's vision is to cluster research facilities with local
and international companies and recreational and housing com-
plexes. Abuja Technology Village is likely to focus on infor-
mation and communications technology, biotechnology, media
technology, multimedia services and medical technology. Also
affiliated with the AIST-Abuja campus will be the Gulf of Guinea
Institute (G2I). Scheduled to open in the fall of 2008, the G2I will
offer teaching and research on science and engineering specific
to the oil and gas industries.

Former Nigerian President Olusegun Obasanjo was strongly
in favour of science and innovation. In 2001, he launched Nigeria's
space program and pledged ongoing financial support to it. The
point of the program was not to place a Nigerian on the moon
nor develop a space defence program. Rather, the program is
"intended to make use of what space research has already estab-
lished in areas such as remote sensing, weather forecasting and
satellite communication" (Raufu, 2003). The government com-
mitted an estimated US$13 million to its first remote sensing satel-
lite, Nigerian Earth Observatory Satellite dubbed NigeriaSat-1,
which was launched in October 2003. (Foust (2003) notes that
the NigeriaSat-1 was cheaper than a traditional satellite which
costs more than $300 million but a significant cost for Nigeria
with an annual budget in 2003 of about $3 billion and over $30
billion in foreign debt.)

Obasanjo viewed the country's science and technology pro-
jects as integral to his agenda for Nigeria's social and economic
reform. In 2006, he committed to providing a US$5 billion endow-
ment, drawn from the country's substantial oil revenues, for sci-
ence and technology research. Obasanjo's plans called for the
endowment fund to be supplemented by donations from individ-
uals and corporations. He began the creation of a National
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Council for Science and Technology (a Nigerian version of the
US National Science Foundation) to distribute the funds and
thereby limit the potential for misappropriation (Nature, 2006).
The National Council was intended to be independent and to
provide grants both to individuals and to universities and
research organizations on a competitive basis. It would also be
responsible for funding research groups and establishing research
universities (UNESCO, 2005).

On numerous occasions, former President Obasanjo expressed
his determination for Nigeria to become one of the top eco-
nomies in the world by 2020. To do so, he said, Nigeria abso-
lutely had to invest in science and technology. Nigeria had an
impressive endowment of natural resources, but over 70 million
of its people lacked access to clean water. The government
hoped to use science and technology to tackle the country's
various social problems and to diversify the Nigerian economy.
Nigeria is in the process of selecting areas of technology on
which to focus. As of May 2007, three of these — information
technology, biotechnology and space science — have been chosen
and work is underway (Dickson, 2007b). The government has
also focused on the education system. It is sending science and
mathematics kits to hundreds of elementary and secondary
schools. Six Nigerian universities have been chosen to be centres
of excellence in science and technology (UNESCO, 2006).

In April 2007, Obasanjo's eight year presidential term came
to an end. He was replaced by his personally selected successor,
Umar Musa Yar'Adua, a former chemistry lecturer. While Nigerian
scientists and others hope that President Yar' Adua will continue
the science and technology reforms started by his predecessor,
concerns over the legitimacy of the election have left many nerv-
ous. Yar'Adua's science background and that of his Vice President
(Goodluck Ebele Jonathan has a masters degree in hydro and
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fisheries biology and a doctorate in zoology), are reassuring signs
that Yar'Adua's government will continue to work to improve
Nigerian science, technology and innovation. In his public state-
ments, Yar'Adua has stated that he will continue Obasanjo's work
including the space and satellite programs. In May 2007, Nigeria
launched a communications satellite NIGCOMSAT-1 in south-
west China. (Nigeria bought the Chinese satellite and launching
service rather than developing its own.) The satellite has the
potential to "improve e-commerce and government efficiency
by promoting the development of the digital economy in the
continent" said the Nigerian minister of science and technol-
ogy, Turner Isoun. The satellite could also improve the business
climate and be of value for telemedicine and rural telephony
(Adelaja and Scott, 2007). Nigeria has also indicated it hopes
to launch more satellites — NIGCOMSAT-2 by 2009 — over the
next fifteen years (Babalola, 2007).

Nigeria's range of domestic challenges could well be addressed
through the application of science and technology. Major issues
include the development of a regular power supply, improved
food preservation technologies, decreased maternal and infant
mortality, advanced healthcare provision and the provision of
clean water. While there are those who question the idea of a
poor country investing heavily in high technology, it is impor-
tant to appreciate the transformative possibilities introduced
through innovation. To provide but one example, a 2005 study
out of the London Business School concluded that, "an increase
of 10 mobile phones per 100 people in African developing
countries would increase GDP growth by 0.6%" (Anderson,
2007). Mobile phones, as the report explained, allow farmers to
check crop prices online, enable people to make inquiries by
phone and even bank online, thus saving days of traveling, and
eliminate many of the bribes people are often forced to pay
while in transit.
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Nigeria faces all of the challenges of the developing world,
and struggles to compete internationally while coping with prob-
lems of deeply entrenched poverty, political instability, and major
health crises. The country has, through its oil and gas reserves,
the resources necessary for major scientific and technological
investments and is a critical part of a sub-Saharan initiative to
stimulate innovation across the region. Unlike Japan and Canada,
where the educational, political and legal fundamentals are
solidly in place, Nigeria is attempting to create a 21 century
economy on top of a very uncertain foundation. That the country
is investing heavily in this area, and that it is part of an inter-
national effort to stimulate economic growth and diversifica-
tion through science and technology illustrates the reach and
nature of the global innovation movement.

Virtually all countries, from Japan to Nigeria, have expan-
sive plans for scientific and technological innovation. It is impor-
tant to appreciate, however, the formidable challenge that a nation
like Nigeria faces when competing against a middle-tier country,
like Canada, let alone a world leader, like Japan. To underpin its
commitment to scientific research, the government of Nigeria
tripled its budget in the area of science and technology between
1998 and 2004 to about $38 million. While an impressive increase,
it obviously pales in comparison to the $30 billion committed
annually by Japan to its science and technology innovation agenda.

4. Addressing the Innovation Gap

If trends in innovation continue along the same trajectory,
the gap between nations will inevitably grow. The lead estab-
lished by countries like Japan and the United States will continue.
More sector-focused industrialized countries will be competitive
in selected fields, like Finland and its communications technology
sector. Many countries, even those like Nigeria that are struggling
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to catch up, may well be left far behind. The amount of money
involved in nanotechnology, biotechnology, ubiquitous comput-
ing and other large scale scientific research is simply beyond
the reach of poorer nations. Contemporary science also works
most effectively with international partners; much of the science
and technology research of the 21* century is being done collab-
oratively and across borders. However, such collaborations will
likely take place among scientists from a small number of nations,
leaving many other countries out of the innovation enterprise.

The obligation for wealthier nations to promote international
innovation and to encourage the involvement of scientists from
less well-off nations has not been widely debated. But if there
is a return to a kind of "nation-first" economic planning model,
the potential for an innovation-divide could easily grow dra-
matically over the coming decades. Perhaps there is a role for
an international scientific governance institution that helps ensure
access to basic scientific infrastructure and recent discoveries
for all countries. The scale and nature of the investment required
for such an institution to be successful and to reach effectively
into many of the poorer nations would be daunting. Universities
and think tanks also play a role in ensuring access to research
results, the increasing digitization of material makes sharing
information much easier and the current debate about insisting
on open access to government-funded research results has the
potential to increase the flow of cutting edge scientific and tech-
nological developments to scientists the world over. National
governments currently spending billions on scientific infra-
structure projects, however, are likely to lose enthusiasm for
innovation altruism if and when the economic benefits of major
research investments are realized in other countries.

Countries face differing challenges as they struggle to decide
how best to position themselves in the innovation game. For all
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of them, however, the development of an innovation agenda
remains a challenging undertaking. Governments have to decide
how much money to invest in research and development while
balancing competing demands for what are seen as limited funds,
even in the wealthiest of countries. This decision is made more
difficult by the enormous costs of entry into many scientific sec-
tors and the fundamental importance of foundational infrastructure
(education systems, laboratories and specialized facilities) to
science and technology research. Weak laws on patents and
intellectual property can undercut the innovation process dra-
matically, as can the absence of the venture capital required to
bring products to market. There is a particular problem with the
mobility of researchers and of knowledge. Discoveries will not
always be commercialized where they were first made, thus
stripping the supporting country of the anticipated benefits of
the scientific investments, and major difficulties remain with
the commercialization of science.

Selecting specific scientific sectors for national investment
is also difficult and remains part fortune telling, part gambling,
part educated decision-making. Scientists generally favour sup-
port for pure, curiosity-driven research, with the practical results
uncertain and likely to be realized in the long-term. Politicians
expect quick results and generally support initiatives with strong
commercial potential. Government officials are then forced to
identify those sectors which they believe hold the most potential
for their particular nation. Few countries have the resources to
invest across a broad range of the major science and technology
research areas let alone support comprehensive academically-
driven investigations. Smaller countries select research areas
promising the most relevant and timely return; less wealthy
nations focus on fields of investigation promising the greatest
benefit for the smallest investment. Nigeria, for example, made
its selections — information technology, biotechnology and space —
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with the hope that the research and the infrastructure will pro-
vide the country with improved prospects. For the governments
of poor nations, there is a constant tension between giving money
to ameliorate desperate circumstances or trying to build and plan
for a better future. The Nigerian government's investments on
science and technology have been lauded in some quarters but
harshly criticized in others.

Middle-rank countries, like Canada, have their own chal-
lenges in determining an appropriate innovation plan. Each of
these nations sees science and technology strategies as a way to
develop a more competitive and sustainable economy through
the commercialization of science. Governments hope that inno-
vation will be a magnet for talented immigrants and will improve
the lives of their citizens. But determining sectoral priorities with-
out being sidetracked by political considerations and deciding
the kinds of policies and programs that "inspire and assist" their
citizens "to perform at world-class levels of scientific and tech-
nological excellence" are not easy tasks (Canada, 2007). Even
the wealthiest countries, like Japan, have struggled to develop
strategies to best position themselves. Japan's efforts over the
last decade resulted from the belief that without a strategic
plan, substantial long-term funding and stronger links between
industry and academia, the country would have little chance of
becoming "Innovator Japan."

Poorer and middle-ranked countries face formidable chal-
lenges competing with the largest investors in science and tech-
nology. Canada, let alone Nigeria, does not have the resources to
make the same level of investments as Japan. This means that
Canadian investments have to be highly selective and strategic.
But limits on national spending do not mean that countries are
unable to integrate their activities with the international sci-
entific and technological effort. Connections between individual
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scientists and laboratories and the leading research facilities can
provide researchers and corporations in the developing and mid-
tier nations with access to much of the most recent developments
in the field. Many international projects welcome participation
by researchers from a range of nations even if their governments
can contribute little financial support. Basic scientific discoveries
save for those in selected and highly proprietal fields, like pharma-
ceuticals, start in the public domain or move quickly into general
circulation. It is indeed possible and extremely important for
countries, like Nigeria, to keep abreast of the latest innovations,
particularly if specific steps are taken to forge and sustain links
between leading research countries and facilities and those in
the developing world (Séguin et al., 2006: 1602-3).

The ethical debates that surround much of today's science —
everything from stem cells to cloning to the use of the Internet
for gambling, pornography and identity theft — also complicate
matters. Science knows few boundaries. New discoveries are
made and the results widely circulated before many of their
implications have been even discussed or fully understood. The
prospect of rogue science and technology nations is now very
real. These countries, operating in science the way that other
nations acted in areas like shipping and offshore banking, can
offer unscrupulous scientists opportunities far removed from
ethical review panels, intellectual property laws, political over-
sight of research, and tight environmental controls on research
activities. These nations of convenience for scientific research,
offering more flexible legal and ethical rules, could easily distort
the shape of 21* century science, unleash highly undesirable or
disruptive innovations, and undermine the major investments
that national governments have made in this area.

The central theme of this working paper — science and techno-
logy innovation as a major factor in international political and
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economic development — brings together several of the major
issues in international political economy in the 21 century. This
issue highlights the debate about the role of government and
state-commerce interaction; few of the major investments in
large-scale science can or have been made by the private sector.
It emphasizes the continuing discussion about the competitive-
ness of nations, the global restructuring of manufacturing and
the challenges facing industrial nations, as countries the world
over struggle to respond to the rise of industrial China and India
and seek to maintain current levels of prosperity. The theme
emphasizes the growing challenges of raising the economic
prospects for emerging nations; those who wondered how the
poorest countries would respond to the challenges of freer global
trade in manufacturing have difficulty imagining these same
states competing in the fields of synchrotron science and nano-
technology. The innovation conundrum draws attention to the
impact of the new economy on the global economic order and
adds a major agenda item to the debate about appropriate
strategies for addressing the social, environmental, and eco-
nomic needs of the world. Moreover, the changing pace of inno-
vation and the increasing difficulty in determining the likely
commercial outcome of innovation investments clearly presents
national and regional governments with perplexing choices as
they endeavour to support and create competitive economies.
Even as governments are pressed to increase their commitment
to the area, it is too early to determine the benefits of the invest-
ment in the science and technology, let alone the commer-
cialization of research results.

Future research is required on the international and political
dimensions of national innovation strategies. Scientific and tech-
nological innovation is no longer a matter for scientists, com-
panies or universities but has, instead, become a cornerstone of
the debate about the prosperity of nations. The widely held belief
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that innovation is essential for countries to become or remain
competitive has been largely untested but many of the recent
developments in scientific and technological infrastructure
remain to be realized in commercial and economic terms. None-
theless, there is a strong international consensus that innovation
is the single most important element in the emerging global
economic contest. Charting this global debate, and looking spe-
cifically at the efforts to draw emerging economies into the inno-
vation enterprise, holds significant potential as a field of inquiry.
In the frenetic and uncertain conditions of the early 21+ century,
with massive scientific and technological transfor-mations loom-
ing in the near future, politicians and government officials are
right to be concerned with such issues as productivity, sci-
entific innovation, and related competitive conditions. Countries
that fall behind, research has shown, face formidable chal-
lenges in attempting to catch-up. The cost of failure could well
be substantial indeed. The national foundations and support for
scientific and technological innovation are, to the 21* century,
what manufacturing capacity and access to natural resources
were in the 19® and 20™ centuries. Defining the innovation
dilemma and documenting the innovation divide promise to be
important elements in understanding the shape of international
governance, national policy-making, and the economic pros-
pects for nations in the coming decades.
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