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e. Each edition is heavily
of the authors invited to write
ends and developments in scientific
ovation and higher education in the country
ion from which they hail. We would thus like to take
this opportunity to thank each of the 35 authors for their
commitment to making this an authoritative report.

The picture they have painted in the following pages is of
a world that is changing at a quickening pace. A greater
number of chapters on individual countries have been
included in the present report than in its predecessor to
reflect the widening circle of countries emerging on the
world scene. No doubt the UNESCO Science Report 2015,
the next in the series, will have pursued its own mutation
by 2015 to reflect the world it seeks to depict.

We would like to thank the following staff from the
UNESCO Institute for Statistics for contributing a vast
amount of data to the report: Simon Ellis, Ernesto
Fernédndez Polcuch, Martin Schaaper, Rohan Pathirage,
Zahia Salmi, Sirina Kerim-Dikeni and the Education
Indicators Team.
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FOREWORD

The UNESCO Science Report 2010 holds a mirror to the
evolving status of science in the five years since its
predecessor was published in 2005. It shows in particular
how, while the disparities between countries and regions
remain huge, the proliferation of digital information and
communication technologies is increasingly modifying the
global picture. By making codified information accessible
worldwide, it is having a dramatic effect on the creation,
accumulation and dissemination of knowledge, while at the
same time providing specialized platforms for networking
by scientific communities operating at a global level.

The distribution of research and development (R&D) efforts
between North and South has changed with the emergence
of new players in the global economy. A bipolar world in
which science and technology (S&T) were dominated by the
Triad made up of the European Union, Japan and the USA is
gradually giving way to a multipolar world, with an
increasing number of public and private research hubs
spreading across North and South. Early and more recent
newcomers to the S&T arena, including the Republic of
Korea, Brazil, China or India, are creating a more competitive
global environment by developing their capacities in the
industrial, scientific and technological spheres. One
consequence is greater competition between countries to
attract scientific personnel from abroad and to retain or
recall their best researchers and graduates living abroad.

One encouraging finding of the report is that R&D funding has
continued to expand globally as the result of greater
recognition by governments worldwide of the crucial
importance of science for socio-economic development. Those
developing countries that have progressed fastest in recent
years are the ones that have adopted policies to promote
science, technology and innovation. Although Africa still lags
behind other regions, signs of progress can be found in some
countries on the continent, which today represents a growing
contributor to the global R&D effort. The continent’s mounting
contribution to the global stock of knowledge comes as good
news - all the more so since Africa is a priority for UNESCO. This
progression shows that deliberate, well-targeted policies can
make a difference when implemented with commitment and
dedication even in difficult circumstances.

However, the report also points to persistent disparities
between countries and, in particular, the marginal contribution
that the least developed countries (LDCs) make to global
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science. This situation calls for all stakeholders, including
UNESCO, to renew their support to LDCs for investing in
science, transforming the policy environment and making the
necessary institutional adjustments — in other words, for
enabling S&T to realize its potential as a prime lever for
development. This is a vast and complex task that can only be
met through a major policy mobilization for science.
Mobilizing policy for science remains critical to building the
human and institutional capacities needed to overcome the
knowledge gap and empower developing countries to build
appropriate scientific research capabilities so as to address
national and global challenges. We have a moral imperative to
make science globally inclusive.

There are two possible scenarios for the way in which the
geopolitics of science will shape the future. One is based on
partnership and co-operation, and the other on efforts towards
national supremacy. | am convinced that, more than ever,
regional and international scientific co-operation is crucial to
addressing the interrelated, complex and growing global
challenges with which we are confronted. Increasingly,
international diplomacy will take the form of science
diplomacy in the years to come. In this respect, UNESCO must
and will pursue its efforts to strengthen international
partnerships and co-operation, in particular South-South co-
operation. This science dimension of diplomacy was one of the
original reasons for including science in UNESCO’s mandate. It
has fundamental significance for UNESCO nowadays, at a time
when science has tremendous power to shape the future of
humanity and when it no longer makes much sense to design
science policy in purely national terms. This is most vividly
evident in issues relating to global climate change and how
societies will address it through green economies.

In line with my intention to place science at the centre of
UNESCO’s efforts to eradicate extreme poverty and foster
social inclusion and sustainable development, | am
confident that the UNESCO Science Report 2010 will prove a
useful tool in the necessary redefinition of the science
policy agenda at national, regional and global levels and
will provide valuable insights into the prospects for science
and related policy challenges in the years ahead.

Y. gnm

Irina Bokova
Director-General of UNESCO
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Policies for science and technology.

must always be a mixture of realism

and idealism.

Chris Freeman (1921-2010)
father of the ‘national innovation system’ concept




1 - The growing role of
in the global economy

Hugo Hollanders and Luc Soete

THE GLOBAL PICTURE

The UNESCO Science Report 2010 takes up from where its
predecessor left off five years ago. The aim of this first
chapter is to provide a global overview of developments
over the past five years. We shall pay particular attention
to‘new; ‘less known;, or ‘unexpected’ features revealed by
the data and the chapters that follow.

We shall begin by briefly reviewing the state of the
support system for science against the backdrop of the
long, historically unique period of rapid global economic
growth from 1996 to 2007. This ‘growth spurt’has been
driven by new digital technologies and by the emergence
of a number of large countries on the world stage. It was
brought to a sudden and somewhat brutal halt by the
global economic recession triggered by the subprime
mortgage crisis in the USA in the third quarter of 2008.
What impact has this global economic recession had on
investment in knowledge? Before we endeavour to
answer this question, let us take a closer look at some of
the broad trends that have characterized the past decade.

First and foremost, cheap and easy access to new digital
technologies such as broadband, Internet and mobile
phones have accelerated the diffusion of best-practice
technologies, revolutionized the internal and external
organization of research and facilitated the implantation
abroad of companies’ research and development (R&D)
centres (David and Foray, 2002). However, it is not only the
spread of digital information and communication
technologies (ICTs) that has shifted the balance in favour of
a more transparent and more level playing field'. The
growing membership and further development of global
institutional frameworks like the World Trade Organization
(WTO) governing international knowledge flows in trade,
investment and intellectual property rights have also sped
up access to critical knowledge. China, for example, only
became a member of WTO in December 2001. The playing
field now includes a wide variety of capital- and
organization-embedded forms of technology transfer
which include foreign direct investment (FDI), licenses and
other forms of formal and informal knowledge diffusion.

Secondly, countries have been catching up rapidly in terms
of both economic growth and investment in knowledge,

1. This does not mean that each player has an equal chance of success but
rather that a greater number are playing by the same set of rules.

knowledge

as expressed by investment in tertiary education and R&D.
This can be observed in the burgeoning number of
graduates in science and engineering. India, for example,
has opted to establish 30 new universities to raise student
enrollment from less than 15 million in 2007 to 21 million
by 2012. Large emerging developing countries such as
Brazil, China, India, Mexico and South Africa are also
spending more on R&D than before. This trend can also be
observed in the transition economies of the Russian
Federation (Russia) and some other Eastern and Central
European countries which are gradually climbing back to
the levels of investment under the Soviet Union. In some
cases, the rise in gross domestic expenditure on R&D
(GERD) has been a corollary of strong economic growth
rather than the reflection of greater R&D intensity. In Brazil
and India, for example, the GERD/GDP ratio has remained
stable, whereas in China it has climbed by 50% since 2002
to 1.54% (2008). Similarly, if the GERD/GDP ratio has
declined in some African countries, this is not symptomatic
of a weaker commitment to R&D. It simply reflects an
acceleration in economic growth thanks to oil extraction
(in Angola, Equatorial Guinea, Nigeria, etc) and other non-
R&D-intensive sectors. If each country has different
priorities, the urge to catch up rapidly is irrepressible and
has, in turn, driven economic growth worldwide to the
highest level in recorded history.

uonNposu|

Thirdly, the impact of the global recession on a post-2008
world is not yet reflected in the R&D data but it is evident
that the recession has, for the first time, challenged the old
North-South technology-based trade and growth models
(Krugman, 1970; Soete, 1981; Dosi et al., 1990). Increasingly,
the global economic recession appears to be challenging
Western scientific and technological (S&T) dominance.
Whereas Europe and the USA are struggling to free
themselves from the grips of the recession, firms from
emerging economies like Brazil, China, India and South
Africa are witnessing sustained domestic growth and
moving upstream in the value chain. Whereas these
emerging economies once served as a repository for the
outsourcing of manufacturing activities, they have now
moved on to autonomous process technology
development, product development, design and applied
research. China, India and a few other Asian countries,
together with some Arab Gulf states, have combined a
national targeted technology policy with the aggressive -
and successful - pursuit of better academic research within
a short space of time. To this end, they have made astute use
of both monetary and non-monetary incentives, as well as

The Earth at night,
showing human
population
centres

Photo: © Evirgen/
iStockphoto



UNESCO SCIENCE REPORT 2010

institutional reforms. Although data are not easy to come by,
it is well-known that many academic leaders in American,
Australian and European universities have, in the past five
years, been offered positions and large research budgets in
fast-growing universities in East Asian countries.

In short, achieving knowledge-intensive growth is no longer
the sole prerogative of the highly developed nations of the
Organisation for Economic Co-operation and Development
(OECD). Nor is it the sole prerogative of national policy-
making. Value creation depends increasingly on a better use
of knowledge, whatever the level of development, whatever
its form and whatever its origin: new product and process
technologies developed domestically, or the re-use and
novel combination of knowledge developed elsewhere.

This applies to manufacturing, agriculture and services in
both the public and private sectors. Yet, at the same time,
there is striking evidence of the persistence - expansion even
- in the uneven distribution of research and innovation at
the global level. Here, we are no longer comparing countries
but regions within countries. Investment in R&D appears to
remain concentrated in a relatively small number of locations
within a given country? In Brazil, for example, 40% of GERD
is spent in the Sao Paulo region. The proportion is as high as
51% in South Africa’s Gauteng Province.

PRE-RECESSION FACTS AND FIGURES

Economic trends: a unique growth spurt

Historically, global economic growth in the years bridging the
Millennia has been unique. Over the period 1996-2007, real
GDP per capita increased at an average annual rate of 1.88%>.
At the broad continental level, the highest per-capita growth
was witnessed by East Asia and the Pacific (5.85%), Europe
and Central Asia (4.87%) and South Asia (4.61%). The figure
was 2.42% for the Middle East and North Africa, 2.00% for
North America, 1.80% for Latin American and the Caribbean
and 1.64% for sub-Saharan Africa. The greatest divergence in
growth rates occurred in sub-Saharan Africa: in 28 countries,
GDP per capita grew by more than 5% but more than half of
the 16 countries which witnessed negative per-capita growth
rates were also in sub-Saharan Africa (Table 1).

2. For a more detailed analysis of specialization at the regional level within
countries, see the World Knowledge Report (forthcoming) published by
UNU-Merit.

3. Growth rates reported in this section reflect the average annual increase
between 1996 and 2007 of per capita GDP in constant US$ 2 000 from
World Bank data.

Table 1: Key indicators on world GDP, population

and GERD, 2002 and 2007
GDP (PPP$ billions)
2002 2007
Developed countries 29341.1 38557.1
Developing countries 16 364.4 26810.1
Least developed countries 567.1 926.4

15090.4
5640.5

11415.7
3741.2

North America
Latin America and the Caribbean

European Union 11703.6 14 905.7
Commonwealth of Independent States in Europe 1544.8 2546.8
Central, Eastern and Other Europe 1155.0 17424

South Africa 323.8 467.8
Other sub-Saharan countries (excl. South Africa) 639.6 1023.1
Arab States in Africa 710.6 1061.7
A 143453 228789
Japan 3417.2 4297.5
China 3663.5 71034
Israel 154.6 192.4
India 17564 3099.8
Commonwealth of Independent States in Asia 204.7 396.4
Newly Industrialised Economies in Asia 2769.9 4063.1
Arab States in Asia 847.3 1325.1
Other in Asia (excl. Japan, China, Israel, India) 15315 24011

Arab States all 1557.9 2386.8
Commonwealth of Independent States all 1749.5 2943.2
OECD 297713 390194
European Free Trade Association 424.5 580.5
Sub-Saharan Africa (incl. South Africa) 963.4 1490.9

Argentina 298.1 5234
Brazil 13225 18429
Canada 937.8 1270.1
Cuba - -
Egypt 273.7 404.1
France 1711.2 2071.8
Germany 22754 2846.9
Iran (Islamic Republic of) 503.7 778.8
Mexico 956.3 1493.2
Republic of Korea 936.0 1287.7
Russian Federation 12789 20953
Turkey 572.1 938.7
United Kingdom 1713.7 2134.0
United States of America 10417.6 13741.6

Note: The sum of GERD for some regions does not correspond to the
total because of changes in the reference year. Furthermore, in
numerous developing countries, data do not cover all sectors of the
economy. Therefore, the data presented here for developing
countries can be considered a lower bound of their real R&D effort.
For the list of countries encompassed by the groupings in this
chapter, see Annex |.
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World GDP (%) Population (millions) World population (%)  GERD (PPPS$ billions) World GERD (%) GERD as % of GDP  GERD per capita (PPP$)

2002 2007 2002 2007 2002 2007 2002 2007 2002 2007 2002 2007 2002 2007
63.458.2 12034 1225.0 19.2184 653.0 8732 82.676.2 22 23 542.7 7128
354404 43605 46473 69.569.7 136.2 271.0 17.223.7 0.8 1.0 31.2 583

1214 7104 7985 1.3 12.0 1.1 15 0.10.1 0.20.2 15 19
247 22.8 3253 341.6 5.2 5.1 2978 3993 37.7 349 26 2.6 9153 1168.8
8.185 5359  569.8 8.58.5 22.1 34.6 2.83.0 0.6 0.6 41.2 60.8
253225 4842 4932 7.7 74 206.2 264.9 26.123.1 1.8 1.8 4258 5370
3338 207.3 201.6 3330 183 274 2324 1211 88.5 136.1
2526 105.0 109.9 1.71.6 13.9 21.7 1.81.9 121.2 132.6 197.2
0.7 0.7 46.2 49.2 0.70.7 237 4.4 03¢ 0.40.7 1 0.949.5 1 88.6
1415 623.5 709.2 9.9 10.6 18 2.6 0.20.2 0303 29 3.7
1.51.6 189.3  206.3 3.03.1 2.5 3.3 0303 0.40.3 13.4 15.9
7465 1271 127.4 2019 108.2 147.9 13.7 12.9 3234 851.0 1161.3
79 10.7 1286.0 1329.1 20.5 19.9 39.2 102.4 5.0 8.9 1.1 14 30.5 77.1
0303 6.3 6.9 0.10.1 Al 9.2 0.90.8 464.8 11214 13213
3.84.7 10781 11647 17.2 17.5 129 24.8 1622 0.70.8 12.0 213
0.4 0.6 723 75.4 1.21.1 0.5 0.8 0.10.1 0.20.2 7.0 10.2
6.06.1 373.7 399.3 6.06.0 40.1 723 5163 1418 107.3 181.1
1.82.0 107.0 122.9 1.71.8 1.1 14 0.10.1 0.10.1 10.0 11.8
3336 675.0 729.7 10.8 10.9 4.8 10.4 0.6 0.9 0304 7.1 14.3

3436 296.3 329.2 4.7 49 3.6 4.7 0504 0.20.2 12.2 143
3.844 2796 2770 4.54.2 18.9 28.2 2425 1.11.0 67.4 101.9
64.3 58.9 1149.6 1189.0 183178 661.3 894.7 83.778.1 22 23 575.2 752.5
0.90.9 121 12.6 0.20.2 9.8 13.6 121.2 2323 804.5 10828
2122 669.7 758.4 10.7 1.4 43 7.0 0.50.6 0.40.5 6.4 9.2

0.6 0.8 37.7 39.5 0.60.6 1.2 2.7 0.10.2 0.40.5 30.8 67.3
2928 179.1 190.1 2929 13.0 20.2 161.8 1.01.1 727 106.4
20 (159, Bl 329 0.5 0.5 19.1 24.1 24 2.1 20 1.9 6114 7323
- - 1.1 1.2 0.20.2 - - - - 0504 - -
0.6 0.6 729 80.1 1.21.2 0.52 0.9 0.1¢ 0.10.2 a 0.26.8 2 11.4
3731 59.8 61.7 1.009 382 423 483.7 2220 637.7 685.5
4943 82.2 823 131.2 56.7 722 7263 23 7% 689.0 8773
1.11.2 68.5 724 1111 2.8 477 0305 e 0.50.7 I 403 65.6"
241 23 102.0 107.5 161.6 4.2 5.6 0.50.5 0404 40.9 521
2019 46.9 48.0 0.70.7 225 413 2836 2432 4794 8619
2.83.2 145.3 141.9 2321 15.9 235 2020 1.21.1 109.7 165.4
1214 68.4 73.0 1111 3.0 6.8 0.40.6 0.50.7 44.0 92.9
37 32 594 60.9 0.90.9 30.6 387 3934 181.8 5158  636.1
22520.7 294.0 308.7 47 4.6 2771 3731 35.132.6 27 2.7 9424 12087

-n = data refer to n years before reference year
e = UNESCO Institute for Statistics estimation based on extrapolations and interpolations

Source: for GERD: UNESCO Institute for Statistics estimations, June 2010; For GDP and PPP conversion factor:

World Bank, World Development Indicators, May 2010, and UNESCO Institute for Statistics estimations; for population:
United Nations Department of Economic and Social Affairs (2009) World Population Prospects: the 2008 Revision, and
UNESCO Institute for Statistics estimations

w
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The growing role of knowledge in the global economy

Figure 1 presents the 20 largest economic powers in the
world. This list includes the Triad* and the newly
industrializing countries of Mexico and the Republic of
Korea, some of the most populated countries in the world
such as China, India, Brazil, Russia and Indonesia, and a
second layer of emerging economies that include Turkey,
Saudi Arabia, Argentina and South Africa. With their
newfound economic weight, these countries are
challenging many of the rules, regulations and standards
that governed the G7 and the Triad with respect to
international trade and investment®. As we shall now see,
they are also challenging the traditional dominance of the
Triad when it comes to investment in R&D.

Trends in GERD: a shift in global influence

The world devoted 1.7% of GDP to R&D in 2007, a share
that has remained stable since 2002. In monetary terms,
however, this translates into USS$ 1 146 billion®, an increase
of 45% over 2002 (Table 1). This is slightly higher than the
rise in GDP over the same period (43%).

Moreover, behind this increase lies a shift in global
influence. Driven largely by China, India and the Republic
of Korea, Asia’s world share has risen from 27% to 32%,

to the detriment of the Triad. Most of the drop in the
European Union (EU) can be attributed to its three biggest
members: France, Germany and the United Kingdom (UK).
Meanwhile, the shares of Africa and the Arab States are
low but stable and Oceania has progressed slightly.

We can see from Figure 1 that China’s share of world GERD
is approaching its world share of GDP, unlike Brazil or India
which still contribute much more to global GDP than to
global GERD. Of note is that the situation is reversed for
the Triad, even though the disparity is very small for the
EU. The Republic of Korea is an interesting case in point, in
that it follows the pattern of the Triad. Korea’s world share
of GERD is even double its world share of GDP. One of
Korea'’s top priorities is to raise its GERD/GDP ratio to as
much as 5% by 2012.

4. Composed of the European Union, Japan and USA

5. The great majority of the standards governing, for instance, trade in
manufactured goods, agriculture and services are based on USA-EU norms.

6. All USS$ in the present chapter are purchasing power parity dollars.

Figure 2 correlates the density of both R&D and
researchers for a number of key countries and regions.
From this figure, we can see that Russia still has a much
greater number of researchers than financial resources in
its R&D system. Three large newcomers can be seen
emerging in the bottom left-hand side of the picture,
namely China, Brazil and India, together with Iran and
Turkey. Even Africa, as a continent, today represents a
sizeable contributor to the global R&D effort. The R&D
intensity of these economies or their human capital might
still be low but their contribution to the stock of world
knowledge is actually rising rapidly. By contrast, the group
of least developed countries - the smallest circle in the
figure - still plays a marginal role.

uondNpou|

Catching up in business R&D

It is the trends in business investment in R&D (BERD) which
best illustrate the rapid geographical changes taking place
worldwide in privately funded R&D centres. Increasingly,
multinational companies are decentralizing their research
activities to parts of both the developed and developing
worlds within a strategy to internalize R&D at the global
level (Zanatta and Queiroz, 2007). For multinationals, this
strategy reduces labour costs and gives companies easier
access to markets, local human capital and knowledge, as
well as to the host country’s natural resources.

The favoured destinations are the so-called Asian ‘tigers;
the ‘old’ newly industrialized countries in Asia, and,
secondly, Brazil, India and China. However, this is no longer
a one-way traffic: firms from emerging economies are now
also buying up large firms in developed countries and
thereby acquiring the firms'knowledge capital overnight,
as the chapter on India neatly illustrates. As a consequence,
the global distribution of R&D effort between North and
South is shifting rapidly. In 1990, more than 95% of R&D
was being carried out in the developed world and just
seven OECD economies accounted for more than 92% of
world R&D (Coe et al,, 1997). By 2002, developed countries
accounted for less than 83% of the total and by 2007 for
76%. Furthermore, as the chapters on South Asia and sub-
Saharan Africa underscore, a number of countries not
generally considered to be R&D-intensive are developing
particular sectors like light engineering as a strategy for
import substitution, among them Bangladesh.

From 2002 to 2007, the share of BERD in GDP rose sharply
in Japan, China and Singapore, with a particularly steep
curve in the Republic of Korea. The ratio remained more or
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Figure 2: Global investment in R&D in absolute and relative terms, 2007
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less constant in Brazil, the USA and the EU and even
declined in Russia. As a result, by 2007, the Republic of
Korea was challenging Japan for the title of technological
leader, Singapore had nearly caught up to the USA and
China was rubbing shoulders with the EU.
Notwithstanding this, the BERD/GDP ratio still remains
much lower in India and Brazil than in the Triad.

Trends in human capital: China soon to count the
most researchers

Here, we focus on another core area of R&D input: trends
with regard to researchers. As Table 2 highlights, China is
on the verge of overtaking both the USA and the EU in
terms of sheer numbers of researchers. These three giants
each represent about 20% of the world’s stock of
researchers. If we add Japan'’s share (10%) and that of
Russia (7%), this highlights the extreme concentration of
researchers: the ‘Big Five’account for about 35% of the
world population but three-quarters of all researchers. By
contrast, a populous country like India still represents only
2.2% of the world total and the entire continents of Latin
America and Africa just 3.5% and 2.2% respectively.

Although the share of researchers in the developing world
has grown from 30% in 2002 to 38% in 2007, two-thirds of
this growth can be attributed to China alone. Countries are
training many more scientists and engineers than before but
graduates are having trouble finding qualified positions or
attractive working conditions at home. As a result, migration
of highly qualified researchers from South to North has
become the characteristic feature of the past decade. A 2008
report by the UK Parliamentary Office cited OECD data
indicating that, of the 59 million migrants living in OECD
countries, 20 million were highly skilled.

Brain drain preoccupies developing countries

Despite voluminous literature on migration, it is almost
impossible to draw a systematic, quantitative picture of
long-term migration of the highly skilled worldwide.
Moreover, not everyone perceives the phenomenon in the
same way. Some refer to brain drain, others prefer the term
brain strain or brain circulation. Whatever the preferred
terminology, several chapters in the present report -
among them those on India, South Asia, Turkey and sub-
Saharan Africa - highlight the serious issue that brain drain
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Figure 3: BERD/GDP ratio for selected countries, 2000-2007 (%)
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has become and the barriers that this flow of knowledge
out of countries creates for domestic R&D. For instance,

a national survey by the Sri Lankan National Science
Foundation found that the number of economically active
scientists in Sri Lanka had dropped from 13 286 to 7 907
between 1996 and 2006. Meanwhile, FDI flowing into India
is creating internal brain drain, as domestic firms cannot
compete with the attractive compensation packages
offered to personnel by foreign firms based in India.

South-South and South-North migration data are not
systematically covered by international statistical
institutes but can be approximated by combining OECD
data on migration of the highly skilled with UNESCO data
on bilateral flows of international students (Dunnewijk,
2008). These data reveal that South to North and North to
North are dominant directions for migration but that,
overall, a much more varied array of destinations is
emerging: South Africa, Russia, Ukraine, Malaysia and
Jordan have also become attractive destinations for the
highly skilled. The diaspora that has settled in South Africa
originated from Zimbabwe, Botswana, Namibia and
Lesotho; in Russia, from Kazakhstan, Ukraine and Belarus;
in Ukraine, from Brunei Darussalam; in the former
Czechoslovakia from Iran; in Malaysia from China and
India; in Romania from Moldova; in Jordan from the

Palestinian Autonomous Territories; in Tajikistan from
Uzbekistan; and in Bulgaria from Greece.

A second factor is that the diaspora acts as a useful
departure point for the design of policies for more
effective technology transfer and knowledge spillovers.
This phenomenon motivates countries to elaborate
policies to lure highly skilled expatriates back home. This
was the case in the Republic of Korea in the past and can
be seen in China and elsewhere today. The aim is to
encourage the diaspora to use the skills acquired abroad
to bring about structural change at home. Moreover, the
diaspora may be invited to participate ‘from a distance,
if the prospect of a permanent return home is unlikely.
In Nigeria, Parliament approved the establishment of the
Nigerians in the Diaspora Commission in 2010, the aim of
which is to identify Nigerian specialists living abroad and
encourage them to participate in Nigerian policy and
project formulation.

Trends in publications: a new Triad dominates

The number of scientific publications recorded in
Thomson Reuters’ Science Citation Index (SCI) is the most
commonly used indicator for scientific output. It is
particularly valuable, in that it allows both for
international comparisons at the aggregate level and for
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Table 2: Key indicators on world researchers, 2002 and 2007

Developed countries
Developing countries
Least developed countries

North America
Latin America and the Caribbean

European Union

Commonwealth of Independent States in Europe
Central, Eastern and Other Europe

South Africa
Other sub-Saharan countries (excl. South Africa)
Arab States in Africa

Japan
China
Israel

India

Commonwealth of Independent States in Asia
Newly Industrialized Economies in Asia

Arab States in Asia

Other in Asia (excl. Japan, China, India, Israel)

Arab States all

Commonwealth of Independent States all
OECD

European Free Trade Association
Sub-Saharan Africa (incl. South Africa)

Argentina

Brazil

Canada

Cuba

Egypt

France

Germany

Iran (Islamic Republic of)
Mexico

Republic of Korea
Russian Federation
Turkey

United Kingdom

Researchers World share of Researchers per GERD per researcher
(thousands) researchers (%) million inhabitants (PPP$ thousands))
2002 2007 2002 2007 2002 2007 2002 2007
40475 44783 69.7 62.1 3363.5 36558 161.3 195.0
17344 2696.7 29.8 37.4 397.8 580.3 785 100.5
28.7 347 0.5 0.5 40.5 434 37.6 43.8
CAmeriss | 16284 18319 | 280 254 18909 20101 | 1%4 2369 |
14585 1579.8 25.1 21.9 44832 46244 204.2 252.8
169.9 252.1 29 35 3171 442.5 130.0 1374
(Bwope | 18707 21236 | 322 295 (23485 26387 | 1275 1479 |
11979 14483 20.6 20.1 24739 29364 1721 182.9
579.6 551.5 10.0 7.6 2796.1 27353 31.7 49.8
93.2 123.8 1.6 1.7 887.2 11259 149.4 175.1
14.27 19.3 0.2¢ 0.3 31147 3929 158.9"7 225.6
30.8 40.8 0.5 0.6 49.4 57.5 59.5 63.8
84.1 98.4 4441 4771 30.2 333
646.5 710.0 11.1 9.8 5087.0 5573.0 167.3 2084
810.5 14234 13.9 19.7 630.3 10709 48.4 72.0
11592 154.82 2.3¢ 2.2¢ 11122 13692 102.62  126.72
414 39.7 0.7 0.6 5725 525.8 123 194
295.8 4343 5.1 6.0 7914 10874 135.6 166.6
21.1 244 0.4 0.3 197.1 198.7 50.5 59.3
93.2 127.1 1.6 1.8 138.1 174.2 51.6 81.8
105.2 122.8 1.8 1.7 354.9 3732 343 384
621.0 591.2 10.7 8.2 22211 21338 304 47.7
3588.1 41529 61.7 57.6 31212 34928 184.3 2155
483 529 0.8 0.7 39766 4209.1 202.3 257.3
45.0 60.1 0.8 0.8 67.1 79.2 96.0 115.8
26.1 387 0.4 0.5 692.3 979.5 444 68.7
71.8 124.9 12 17 400.9 656.9 181.4 162.1
116.0 139.07 2.0 1.9¢ | 37053 426047 165.0 170.77
- 49.4 - 0.7 - 616.6 - 18.5
186.4 215.8 3.2 3.0 31157 3496.0 204.7 196.1
265.8 290.9 4.6 4.0 32325 35322 213.1 248.4
- 50.5" - 0.7¢ - 706.1" - 93.0"
31.1 379 0.5 0.5 305.1 3529 134.0 147.6
141.9 2219 24 3.1 30228 46272 158.6 186.3
491.9 469.1 85 6.5 33848 33047 324 50.1
24.0 49.7 0.4 0.7 350.8 680.3 1254 136.5
198.2 254.6 34 35 3336.5 41807 154.6 152.2
13425 14256" 23.1 20.0° | 4566.0 4663.3" 206.4 24397

United States of America

-n = data refer to n years before reference year e = UNESCO Institute for Statistics estimation based on extrapolations and interpolations

Note: Researchers are full-time equivalents. The sum of researchers and the world share do not correspond to the total for some regions because of changes

in the reference year or the unavailability of data for some countries.

Source: for researchers: UNESCO Institute for Statistics estimations, June 2010; for PPP conversion factor: World Bank, World Development Indicators, May
2010, and UNESCO Institute for Statistics estimations; for population: United Nations Department of Economic and Social Affairs (2009) World Population
Prospects: the 2008 Revision, and UNESCO Institute for Statistics estimations
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more detailed assessments of particular scientific fields.
We begin with the aggregate analysis of scientific
publications. As Table 3 highlights, the USA is still the
country which leads the world when it comes to scientific
output in absolute terms. However, its world share (28%)
has fallen more than any other country over the past six
years. The leading region for this indicator, the EU, has also
seen its share dip by four percentage points to less than
37%. By contrast, China’s share has more than doubled in
just six years and now represents more than 10% of the
world total, second only to the USA, even if the citation
rate for Chinese articles remains much lower than for the
Triad. Next come Japan and Germany. They are now on a
par at just under 8%, Japan’s world share having fallen
farther than Germany's.

As for the BRIC” countries, their share of world
publications has shown impressive growth, with the
exception of Russia, which saw its share decline from
3.5% in 2002 to 2.7% in 2008. At the continental level,

7. Brazil, Russian Federation, India and China

Latin America’s share leapt from 3.8% to 4.9% but this
was mostly thanks to Brazil. Growth in the Arab world
remained sluggish. Africa’s share of publications in the
SCl made a bound of 25% between 2002 and 2008 from

a very low starting point to attain 2.0% of the world total.
Here, the rise was most noticeable in South Africa and the
Maghreb but every African country saw the number of its
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articles recorded in the SCI progress. At the global level,
scientific publishing is today dominated by a new triad:
the USA, Europe and Asia. Given the size of Asia'’s
population, one would expect it to become the dominant
scientific continent in the coming years.

In terms of the relative specialization of countries in
specific scientific disciplines, Figure 4 points to wide
disparities. The first spider’s web focuses on the
traditionally dominant scientific countries. The black
octagon represents the average, so the lines outside this
octagon indicate a better-than-average performance in a
given field. Of note is France’s specialization in
mathematics, recently confirmed by the award of the
prestigious Fields Medal to two French mathematicians
in 2010.

Figure 4: Scientific specialization of the Triad, BRIC countries and Africa, 2008
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technology medicine
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Source: UNU-MERIT based on data from Thomson Reuters (Scientific) Inc. Web of Science (Science Citation Index Expanded), compiled for UNESCO by

the Canadian Observatoire des sciences et des technologies, May 2010
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Table 3: World shares of scientific publications, 2002 and 2008

Developed countries
Developing countries
Least developed countries

North America
Latin America and the Caribbean

European Union
Commonwealth of Independent States in Europe
Central, Eastern and Other Europe

South Africa
Other sub-Saharan countries (excl. South Africa)
Arab States in Africa

Japan

China

Israel

India

Commonwealth of Independent States in Asia
Newly Industrialized Economies in Asia

Arab States in Asia

Other in Asia (excl. Japan, China, Israel, India)

Arab States all

Commonwealth of Independent States all
OECD

European Free Trade Association
Sub-Saharan Africa (incl. South Africa)

Argentina

Brazil

Canada

Cuba

Egypt

France

Germany

Iran (Islamic Republic of)
Mexico

Republic of Korea
Russian Federation
Turkey

United Kingdom

United States of America

Total
publications

2002

2008

Change
(%)
2002-
2008

World share of
publications (%)
2002 2008

Biology

2002

2008

Biomedical

research

2002

2008

617879 742256 20.1 84.3 75.3 49315 62744 | 89927 100424
153367 315742 105.9 20.9 320 13158 29394 | 14493 32091
2069 3766 82.0 0.3 0.4 477 839 226 471
250993 306676 222 34.2 311 20234 24976 | 44700 49590
27 650 48 791 76.5 3.8 4.9 4321 10 232 3426 6216
290184 359991 24.1 39.6 36.5 21522 29516 | 39261 45815
30118 32710 8.6 4.1 3.3 1153 1447 2052 2054
29195 48 526 66.2 4.0 4.9 2274 4348 3524 5014
3538 5248 483 0.5 0.5 828 1163 481 690
3399 6256 84.1 0.5 0.6 1072 1575 381 1110
4988 8607 726 0.7 0.9 406 746 281 655
73429 74618 1.6 10.0 7.6 4682 5479 9723 9771
38206 104968 174.7 52 10.6 1716 5672 2682 9098
9136 10069 10.2 1.2 1.0 643 662 1264 141
18911 36 261 91.7 2.6 37 1579 3339 1901 3821
1413 1761 24.6 0.2 0.2 41 57 66 88
33765 62855 86.2 4.6 6.4 1730 3364 3240 6795
3348 5366 60.3 0.5 0.5 200 355 239 447
16579 40358 143.4 2.3 4.1 1301 3203 1313 3651
8186 13574 65.8 1.1 14 600 1078 510 1063
31294 34217 9.3 43 35 1189 1497 2110 2128
616214 753619 223 84.0 76.4 49509 64020 | 90365 102634
18223 25380 39.3 2.5 26 1523 2262 2760 3349
6819 11142 63.4 0.9 1.1 1860 2636 844 1751

4719
12573
30310

583

2569
47 219
65500

2102

5239
17072
25493

8608
61073

226 894

6197
26 482
43539

775

3963
57133
76 368
10 894

8262
32781
27083
17787
71302

272879

313
110.6
43.6
329
54.3
21.0
16.6
4183
57.7
92.0
6.2
106.6
16.7
20.3

0.6 0.6
1.7 2.7
4.1 44
0.1 0.1
0.4 0.4
6.4 58
8.9 77
0.3 1.1
0.7 0.8
2.3 33
3.5 2.7
12 1.8
83 7.2
309 27.7

826
1572
3351

129156

192
2975
3838

150

874

617
1050

546
4515

17 349

1287
5526
4571

259
3865
5155

772
1669
1755
1317
1435
4975

21234

664
1583
4779

65

146
6563
8742

129

558
1893
1851

532
9586

41135

883
3467
6018

81

295

7169
10 006

681

911
3824
1835
1155

10789
45125

Note: The sum of the numbers for the various regions exceeds the total number because papers with
multiple authors from different regions contribute fully to each of these regions.

Source: data from Thomson Reuters (Scientific) Inc. Web of Science, (Science Citation Index Expanded),
compiled for UNESCO by the Canadian Observatoire des sciences et des technologies, May 2010
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Chemistry
2002 2008

Clinical medicine
2002 2008

Publications by field of science

Earth and space
2002 2008

Engineering
& technology
2002 2008

Mathematics
2002 2008

Physics
2002

66 585 72185 203 298 251857 36 644 50320 73 868 91320 19251 27961 78991 85445
26002 49155 32772 70921 8497 17 330 28019 59180 5829 12938 24597 44733
76132928 1635 138 318 103177 27 52 94 142
| 22342 25803 95140 126471 | 18611 24883 | 29465 37841 | 8355 12114 | 28928 32612 |
19378 21690 89495 114674 17123 22533 27183 33763 7573 10765 25307 28 685
3181 4401 6751 14030 2122 3228 2 646 4535 925 1570 4278 4579
| 40404 aaeaa| 104060 135042 | 21202 30763 | 39625 53069 | 11834 18064 | 49022 53599 |
33183 36 221 93 939 119230 18 091 26 095 33845 44182 10190 15239 40153 43693
6117 6357 1771 2115 2647 3205 4108 4772 1474 2066 10796 10694
2874 4239 11172 18623 2054 3924 3091 6284 671 1541 3535 4553
| 1ss 2012 3075 sed0 | 918 1486 | 1306 2358 | 494 893 | 1071 1498 |
307 410 841 1453 434 520 294 467 127 227 226 318
117 183 1323 2417 245 477 122 226 44 114 95 154
1116 1438 953 1931 260 527 892 1688 325 563 755 1059
| 30017 50501| 40557 65957 | 7456 15001 | 32946 58754 | 5544 11614 | 31405 49363 |
9908 9809 21426 21729 2505 3552 10633 10194 1300 1661 13252 12423
9499 23032 3863 13595 2036 5746 8734 22800 1850 5384 7 826 19641
694 706 3134 3357 372 506 1011 1143 524 754 1494 1530
4552 7163 3367 7514 1160 2306 2980 6108 506 974 2866 5036
279 322 95 124 145 168 130 166 125204 532 632
4590 7334 6748 14 468 1218 2540 9075 16 140 1102 1905 6062 10309
323 463 1302 1934 143 303 721 1090 154 326 266 448
2449 5314 4134 9991 765 1983 3685 9219 561 1603 2371 5394
1405 1840 2227 3758 399 808 1580 2711 469 855 996 1461
6358 6 645 1856 2230 2761 3333 4224 4910 1589 2266 11207 11208
63 801 71003 208 163 262 587 35655 49 492 74 606 94 262 18435 26 842 75680 82779
1618 2021 6328 9072 1501 2600 1548 2507 387 656 2558 2913
420 582 2135 3746 658 962 415 675 170 335 317 455
e e e e
536 669 1078 1316 407 631 362 487 118 229 728 695
1656 2390 3243 8799 657 1028 1259 2209 398 708 2205 2355
2306 3022 9761 14683 2620 3877 3763 5971 1102 1763 2628 3634
71 96 151 214 18 335 90 1426 78 79
672861478 992 111 205 510714 121 167 339 470
5401 6090 13069 16 034 3457 4899 5260 7123 2399 3113 8095 8840
7399 8344 20781 24708 4256 5978 7 059 7746 1903 2725 11522 11706
645 2198 369 2626 57 433 390 2484 97 554 265 1146
474 716 994 1749 484 739 610 996 219 322 1026 1160
2545 4006 3017 7610 539 1160 4526 8004 497 895 3438 5527
5240 5308 1599 1914 2468 2981 3144 3329 1251 1584 8890 8815
844 1639 4243 7978 450 1025 1223 2910 162 559 608 1086
5469 5352 22007 26754 4678 6079 6715 7612 1383 2197 6720 7 544
17 334 18 984 81871 103 835 15206 19819 23939 28572 6724 9356 23336 25954

2008
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France also specializes in Earth and space sciences, like
Germany. As for Japan, it has several strengths: physics,
chemistry, engineering and technology. Interestingly,
both the USA and UK specialize in biomedical research,
clinical medicine and Earth and space.

The second spider’s web focuses on the BRIC countries
and Africa. Here, too, we observe some striking differences
between countries in their scientific specialization. Russia
shows a strong specialization in physics, mathematics and
Earth and space sciences. Typically, China specializes
heavily in physics, chemistry, mathematics and
engineering and technology. By contrast, Africa and Brazil
are strong in biology and India excels in chemistry.

These differences in scientific specialization are mirrored
in the different country profiles that follow this first
chapter. Countries appear to choose areas for scientific
knowledge creation based on their own needs (clinical
medicine), geographical opportunities (Earth and space
sciences and biology) but also based on cultural affinities
(mathematics, physics) and expertise born of industrial
growth (chemistry).

Trends in scientific output: inequality in private
knowledge creation

The fourth indicator on which we focus in this first chapter
reflects the success of countries and regions in privately
appropriating knowledge through, for example, the
number of patents filed with the Triad patent offices,
namely: the US Patents and Trademark Office (USPTO),
European Patent Office and Japanese Patent Office.
Patents filed with these three patent offices are generally
considered to be of a high quality. As a technological
indicator, patents are a good reflection of the strong
cumulative and tacit character of knowledge, embedded
as they are in a formally recognized, long-lasting
intellectual property right. It is this characteristic which
makes it costly to transfer knowledge from one setting to
another.

The overall dominance of the USA is striking. This
highlights the US technology market’s role as the world’s
leading private market for technology licenses. Japan,
Germany and the Republic of Korea are the other
countries with the most patent-holders. India’s share
amounts to barely 0.2% of all Triadic patents, a share
comparable to that of Brazil (0.1%) and Russia (0.2%).
Table 4 illustrates the extreme concentration of patent
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applications in North America, Asia and Europe; the rest of
the world barely accounts for 2% of the total stock of
patents. Most of Africa, Asia and Latin America play no role
atall.

India’s patents tend to be in chemistry-related fields.
Interestingly, the chapter on India considers that the
introduction of the Indian Patent Act in 2005 to bring
India into compliance with the Agreement on Trade-
Related Aspects of Intellectual Property Rights (TRIPS) has
not had a negative effect on the country’s pharmaceutical
industry. In support of this argument, the author cites the
strong growth in R&D investment since 2000, which was
continuing unabated in 2008. However, he also observes
that most of these patents are being granted to foreign
companies located in India, based on R&D projects carried
outin India, in a growing trend.

Of all the indicators used in the UNESCO Science Report, it
is the patent indicator which points most strikingly to the
inequality of knowledge creation at the global level.

The following trend helps to explain the huge volume of
patents among OECD economies. In high-income
countries, the lifespan of high-tech products is shortening,
obliging companies to come up with new products more
quickly than before. This can be seen in the rate at which
new computers, software, video games and mobile phones,
for instance, are appearing on the market.

High-tech firms are themselves largely responsible for this
phenomenon, as they have deliberately set out to create
new consumer needs by bringing out more sophisticated
versions of their products every six months or so. This
strategy is also a way of keeping ahead of the competition,
wherever it may be. As a consequence, patents that used to
be economically valid for several years now have a shorter
lifespan. Developing new products and registering new
patents every six months or so is an extremely labour- and
investment-intensive exercise which obliges companies to
innovate at a frenetic rate. With the global recession,
companies are finding it harder to maintain this pace.

Knowledge appropriation versus knowledge
diffusion

We now take a look at the opposite variable to patents, the
number of Internet users. This variable should enable us to
gauge whether easier access to information and
knowledge has provided opportunities for a more rapid
diffusion of S&T. The data on Internet usage in Table 5 paint
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Table 4: USPTO and Triadic patent families by inventor's region, 2002 and 2007

USPTO patents Triadic patents*
Total World share (%) Total World share (%)
2002 2007 2002 2007 2002 2006 2002 2006
(Wodd 167399 156667 1000 1000 56654 47574 1000 1000
Developed countries 155712 141183 93.0 90.1 55456 45923 97.9 96.5
Developing countries 12 846 17 344 7.7 11.1 1579 2125 2.8 4.5
Least developed countries 13 13 0.0 0.0 4 1 0.0 0.0
CAmeris 92579 85155 553 544 25847 20562 456 432
North America 92245 84913 55.1 54.2 25768 20 496 45.5 431
Latin America and the Caribbean 450 355 0.3 0.2 115 101 0.2 0.2
(Bwope 31046 25387 185 162 17148 13249 303 278
European Union 29178 23850 17.4 15.2 16 185 12 540 28.6 26.4
Commonwealth of Independent States in Europe 350 332 0.2 0.2 151 97 0.3 0.2
Central, Eastern and Other Europe 2120 1708 1.3 1.1 1203 958 2.1 2.0
CAfi@ s 13 01 01 47 48 01 01
South Africa 124 92 0.1 0.1 38 37 0.1 0.1
Other sub-Saharan countries (excl. South Africa) 15 16 0.0 0.0 3 3 0.0 0.0
Arab States in Africa 12 26 0.0 0.0 6 9 0.0 0.0
CAsa 47512 50313 284 321 15463 15197 273 319
Japan 35360 33572 211 21.4 14085 13264 249 27.9
China 5935 7362 35 47 160 259 0.3 0.5
Israel 1151 1248 0.7 0.8 476 411 0.8 0.9
India 323 741 0.2 0.5 58 96 0.1 0.2
Commonwealth of Independent States in Asia 6 9 0.0 0.0 3 1 0.0 0.0
Newly Industrialized Economies in Asia 4740 7 465 238 4.8 689 1173 1.2 2.5
Arab States in Asia 46 58 0.0 0.0 15 18 0.0 0.0
Other in Asia (excl. Japan, China, Israel, India) 80 48 0.0 0.0 19 18 0.0 0.0

Arab States all 56 84 0.0 0.1 20 27 0.0 0.1
Commonwealth of Independent States all 356 340 0.2 0.2 154 98 0.3 0.2
OECD 159320 147240 95.2 94.0 55863 46 855 98.6 98.5
European Free Trade Association 2064 1640 1.2 1.0 1180 935 2.1 2.0
Sub-Saharan Africa (incl. South Africa) 139 108 0.1 0.1 41 39 0.1 0.1

Argentina 59 56 0.0 0.0 12 17 0.0 0.0
Brazil 134 124 0.1 0.1 46 46 0.1 0.1
Canada 3895 3806 23 24 962 830 1.7 1.7
Cuba 9 3 0.0 0.0 5 0 0.0 0.0
Egypt 8 22 0.0 0.0 3 4 0.0 0.0
France 4507 3631 2.7 23 2833 2208 5.0 4.6
Germany 12258 9713 73 6.2 6515 4947 1.5 104
Iran (Islamic Republic of) 11 7 0.0 0.0 1 3 0.0 0.0
Mexico 134 81 0.1 0.1 26 16 0.0 0.0
Republic of Korea 3868 6424 23 4.1 523 1037 0.9 22
Russian Federation 346 286 0.2 0.2 149 84 0.3 0.2
Turkey 21 32 0.0 0.0 9 10 0.0 0.0
United Kingdom 4506 4007 2.7 2.6 2441 2033 43 43
United States of America 88999 81811 53.2 52.2 25034 19883 44.2 41.8

*Data for 2006 are incomplete and should be interpreted with caution.

Note: The sum of the numbers, and percentages, for the various regions exceeds the total number, or 100%, because patents with multiple inventors from
different regions contribute fully to each of these regions.

Source: data from United States Patents and Trademark Office (USPTO) and OECD, compiled for UNESCO by the Canadian Observatoire des sciences
et des technologies, February 2009
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a very different picture to that for patents. We find that the
BRIC countries and numerous developing countries are
catching up quickly to the USA, Japan and major European
countries for this indicator. This shows the crucial
importance of the emergence of digital communications
like Internet on the world distribution of S&T and, more
broadly, knowledge generation. The rapid diffusion of
Internet in the South is one of the most promising new
trends of this Millennium, as it is likely to bring about a
greater convergence in access to S&T over time.

A systemic perspective on the congruence of S&T
indicators

The concept of a national innovation system was coined
by the late Christopher Freeman in the late 1980s to
describe the much broader congruence in Japanese
society between all sorts of institutional networks in both
‘private and public sectors whose activities and
interactions initiate, import, modify and diffuse new
technologies’ (Freeman, 1987). The set of indicators
described above shed light on some features of each
country’s national system of innovation. One should bear
in mind, however, that science, technology and
innovation (STI) indicators that were relevant in the past
may be less relevant today and even misleading (Freeman
and Soete, 2009). Developing countries should not simply
rely on adopting STl indicators developed by, and for,
OECD countries but rather develop their own STI
indicators (Tijssen and Hollanders, 2006). Africa is
currently implementing a project to develop, adopt and
use common indicators to survey the continent’s progress
in S&T via the periodic publication of an African Innovation
Outlook (see page 299).

Figure 5 illustrates visually the different biases in
countries’ national innovation systems by matching four
indicators. At first sight, the US system appears to be the
most balanced: the US circles appear each time in the
middle of the figure. However, its position with respect to
human capital is weak and out of line with the trend in
other highly developed countries: only 24.5% of the US
population holds a tertiary degree, whereas in France,
Germany or Japan, for instance,the proportion is close to,
or greater than, 30%. One would expect the USA to
perform better on the tertiary education axis, given its
performance for the indicators on the other axes. It is true
that the USA has some of the best universities in the
world but rankings like that of Shanghai Jiao Tong
University focus on research performance rather than the
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quality of education. In sum, the USA is reliant on a vast
inflow of foreign researchers and other highly skilled
people to drive the economy.

Table 5: Internet users per 100 population, 2002 and 2008

2002 2008
Developed countries 37.99 62.09
Developing countries 5.03 17.41
Less-developed countries 0.26 2.06
North America 59.06 7414
Latin America and the Caribbean 8.63 28.34
European Union 35.29 64.58
Commonwealth of Independent States in Europe 3.83 29.77
Central, Eastern and Other Europe 18.28 40.40
South Africa 6.71 8.43
Other Sub-Saharan countries (excl. South Africa) 0.52 5.68
Arab States in Africa 2.11 16.61
Japan 46.5971.42
China 4.6022.28
Israel 17.76 49.64
India 1.544.38
Commonwealth of Independent States in Asia 1.72 12.30
Newly Industrialized Economies in Asia 15.05 23.47
Arab States in Asia 4.05 15.93
Other in Asia (excl. Japan, China, Israel, India) 2.19 11.51

Arab States all 2.81 16.35
Commonwealth of Independent States all 3.28 24.97
OECD 42.25 64.03

European Free Trade Association 66.08 78.17
Sub-Saharan Africa (incl. South Africa) 0.94 5.86

Argentina 10.88 28.11
Brazil 9.1537.52
Canada 61.59 75.53
Cuba 3.7712.94
Egypt 2.7216.65
France 30.18 70.68
Germany 48.8277.91
Iran (Islamic Republic of) 4,63 31.37
Mexico 10.5021.43
Republic of Korea 59.80 81.00
Russian Federation 4.13 32.11
Turkey 11.3834.37
United Kingdom 56.48 78.39
United States of America 58.79 74.00

Source: International Telecommunications Union, World
telecommunications / ICT indicators database, June 2010, and UNESCO
Institute for Statistics estimations; United Nations Department of
Economic and Social Affairs (2009) World Population Prospects: the 2008
Revision, and UNESCO Institute for Statistics estimations
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Japan provides a contrast. It clearly lags behind other
highly developed countries in terms of scientific
publications and GDP per capita. Its innovation system
appears weak when it comes to translating the country’s
big investment in human research capital and R&D into
sufficient scientific and economic value. The UK suffers
from exactly the opposite problem: its performance in
terms of scientific publications and economic wealth

creation is by far superior to its investment in human
research capital and R&D. Russia, on the other hand,
shines when it comes to investment in human capital
but fails on all other counts. China is still typically in a
catching-up phase: its heavy investment in R&D has as
yet not paid off but, of course, its economic structure
remains dominated by non-technology-intensive
activities.

Figure 5. The systemic matching between key S&T indicators
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The national biases in Figure 5 also point to some of the
implications for countries of the international migration of
researchers and more broadly human capital. It is not
surprising that there will be a lot of emigration from a country
like Russia and a lot of immigration towards the USA, given
the current biases in their national innovation systems.

IS THE GLOBAL ECONOMIC RECESSION
BAD FOR KNOWLEDGE CREATION?

The global recession is likely to have had a severe impact
on investment in knowledge across the globe. Many of the
knowledge indicators described for 2007 and earlier may
have been affected in the process and, hence, could not
reliably predict the situation in 2009 or 2010. R&D budgets,
especially, tend to be vulnerable to cutbacks in times of
crisis. Patents and publications will in turn be affected by

the drop in R&D expenditure but this will probably occur in
the longer run and affect scientific output less directly,
owing to pipeline effects that smother sharp fluctuations.
As for trends in education of the labour force, this sector
tends to be less affected by short-term distortions.

There are a couple of short-term indicators which might
shed some light on the impact of the recession thus far.
Here, we use the OECD’s composite leading indicator
(CLI), which is available on short notice. This indicator uses
monthly (de-trended) data on industrial production as a
proxy for economic activity. It is a leading indicator
because industrial production recovers early in an
economic cycle. A turning point in the CLI signals that a
turning point in the business cycle can be expected within
6-9 months. China showed a turning point as early as
November 2008 and, consequently, an upturn in the
business cycle in May—August 2009, as expected.

Figure 6. Industrial production in the BRIC countries, USA and Euro zone, 2006-2010
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Source: OECD, Composite Leading Indicators (Amplitude adjusted series): http://stats.oecd.org/Index.aspx?DatasetCode=MEI_CLI
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We can also interpret from the information in Figure 6
that Brazil was 10% above its long-term level for
industrial production in 2007 before falling brutally to
about 85% of this value in the first month of 2009.
Industrial production in India and the Euro zone only
stumbled, falling from around 103% to 90%. Recovery is
expected to be strong enough to raise the level of
industrial production above its long-term trend level.
However, the data for the most recent months (June
2010) reveal that the rate of recovery is slowing down,
raising concerns about a possible double dip.

In short, we can say that, between October 2008 and
March 2009, the first signs of recovery appeared. Asia in
general and China in particular were the first to recover.
Itis unlikely that R&D expenditure in China has been
affected by the global economic recession because
industrial production fell only 7% below its long-term
trend value for a relatively short period. Moreover,
circumstantial evidence on firms provided by the EU’s
R&D investment scoreboard in 2009 shows that China’s
R&D effort in 2008 actually increased, at least in
telecommunications. There is no reason to assume that
2009 and 2010 will be much different, since China’s
economy grew by more than 7% even in 2007 and
2008.

For Brazil and India, on the other hand, it is likely that
their total R&D effort will come under pressure in 2008
and 2009, due to the relatively low level of industrial
production over a prolonged period of time. In fact,
between July 2008 and March 2010, industrial
production remained below its long-term trend level.
On a brighter note, these countries have been catching
up to the developed countries in terms of GERD for
several years now. One might therefore expect more of a
lull in these countries’rising R&D intensity than a
significant drop.

As for the world’s largest R&D-intensive firms,
circumstantial evidence for 2009 reveals that the majority
of the big R&D spenders in the USA cut their R&D
expenditure by 5-25% that year, while a minority
increased spending by 6-19%. Overall though, the USA
and EU are most likely to keep their total R&D intensity at
around 2007 levels. This means that both GDP and R&D
expenditure will decline by equal shares, thereby keeping
R&D intensity more or less constant over the year 2009-
2010 (Battelle, 2009).

A CLOSER LOOK AT INDIVIDUAL
COUNTRIES AND REGIONS

uonNposu|

The choice of countries and regions in the UNESCO
Science Report 2010 nicely reflects the heterogeneity
of S&T around the world, from the highly developed
OECD nations to the four large emerging BRIC
countries and the large number of developing
countries which are playing a growing role in the
global research effort. Here, we summarize the most
insightful conclusions emerging from the regional
and country studies in Chapters 2 to 21.

In the United States of America (Chapter 2), R&D has
prospered over the past five years and continues to be
an absolute government priority. A good example is
the funding for the National Science Foundation,
which doubled at the request of the Bush
administration in 2007 and is set to double again
under the Obama administration. Although the
recession born of the subprime crisis hit the economy
hard in 2009 and 2010, universities and research
centres have continued to receive generous funding
from both public funds and private endowments and
industrial funds.

Whereas the Obama administration included a
significant one-off investment in STl that also
benefited R&D in the second stimulus package
towards the end of 2009, there is now a clear risk that
any increase in federal funding will be offset by
reductions in funding by both state governments
and private funds. Notwithstanding this, one
important commitment by the Obama
administration is to increase GERD from 2.7% to 3%
of GDP. The administration is emphasizing energy
R&D, especially clean energy.

Unlike public research, industrial R&D appears to
have been hit relatively hard by the recession with a
large number of researchers being laid off. Among
the biggest R&D spenders have been the
pharmaceutical industries, badly affected by the
recession. In fact, the chapter notes that the
pharmaceutical industry was already showing signs
of stress before the recession, as the huge
investment made in R&D does not appear to have
resulted in many ‘blockbuster’drugs recently.
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The US university system still leads the world when it
comes to research: in 2006, 44% of all S&T articles
published in journals indexed in the SCl included at
least one US-based author. Furthermore, of the top
25 institutions ranked by the Shanghai Jiao Tong
University’s Institute of Higher Education in 2008,

19 were based in the USA.

Canada (Chapter 3) has been less affected by the
global economic recession than either the USA or
Europe, thanks to its strong banking system and a
real-estate market that avoided many of its
neighbour’s excesses. Furthermore, low inflation
coupled with income from Canada’s abundant natural
resources have cushioned the impact of the global
recession on the country’s economy.

In March 2010, the federal government committed to
investing in a range of new measures to foster
research over the period 2010-2011. These include
postdoctoral fellowships, as well as more general
research funding for grant councils and regional
innovation clusters. A considerable share of this
funding goes towards research on particle and nuclear
physics, as well as next-generation satellite
technology. With the USA next door, Canada cannot
afford to be complacent.

Steady investment in R&D appears to be paying off:
between 2002 and 2008, the number of Canadian
scientific publications in the SCI grew by nearly

14 000. However, if Canada can boast of a dynamic
academic sector and generous public spending on
STl and R&D, many businesses have not yet
assimilated a‘knowledge creation’ culture. Canada’s
productivity problem is first and foremost a business
innovation problem. The result of the poor R&D
performance in business is that academic research
often appears to be a surrogate for industrial R&D.

The federal government has set out to foster public—
private partnerships recently via two successful
initiatives: an agreement between the federal
government and the Association of Canadian
Universities and Colleges to double the volume of
research and triple the number of research results
which are commercialized; and the Network of
Centres of Excellence, which now total 17 across the
country.
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Chapter 4 on Latin America notes a persistent and
glaring income gap between rich and poor across the
continent. STl policies could play an important role in
reducing inequality. However, it is proving difficult to
establish ties between STI policies on the one hand
and social policies on the other. The structural
conditions prior to the global recession were
particularly favourable to reform, in that they
combined political stability with the longest period of
strong economic growth (2002-2008) that the region
had seen since 1980, thanks to a booming global
commodities market.

Several Latin American countries have implemented
an array of policies to foster innovation, in particular
Argentina, Brazil and Chile. However, despite there
being about 30 types of STI policy instruments in use
across the region, national innovation systems
remain weak. This is the case even among such keen
proponents of STI policies as Brazil and Chile. The
major stumbling block is the lack of linkages
between the different actors of the national
innovation system. For instance, good research
coming out of the local academic sector does not
tend to be picked up and used by the local
productive sector. More generally, R&D investment
remains low and bureaucracies inefficient. Training
and building a critical mass of highly skilled
personnel has become another burning issue.

The economic recession has generated an
employment crisis that may well exacerbate poverty
in the region and thus further increase the tension
between STI policy and specialization, on the one
hand, and poverty alleviation and social policies on
the other.

Brazil (Chapter 5) experienced a booming economy in
the years leading up to the global recession. Such a
healthy economy should be conducive to business
investment. However, patent numbers remain low and
R&D activities sluggish in the business sector, leaving
most of the funding effort to the public sector (55%).
In addition, the majority of researchers are academics
(63%) and the Brazilian economy is increasingly
suffering from a shortage of PhD graduates.
Researchers also remain unevenly spread across the
country with national output being dominated by a
handful of top universities.
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The federal government is conscious of the problem.
In 2007, it adopted a Plan of Action in Science,
Technology and Innovation for Brazilian Development
(2007-2010) which sets out to raise R&D expenditure
from 1.07% of GDP in 2007 to 1.5% of GDP in 2010.
Another target is to augment the number of
scholarships and fellowships available to university
students and researchers from 102 000 in 2007 to
170 000 by 2011. One key objective is to nurture an
innovation-friendly environment in firms by
strengthening industrial, technological and export
policies, and increasing both the number of active
researchers in the private sector and the number of
business incubators and technoparks.

Cuba (Chapter 6) is a particularly interesting case
study. Cuba’s human development is among the
highest in the region, on a par with Mexico. In terms
of overall spending on S&T, however, it has slipped
below the regional mean, the consequence of a
slightly lesser effort on Cuba’s part and, above all, a
greater commitment to S&T across Latin America.
Business funding in Cuba has halved in recent years
to just 18% of GERD.

Cuban enrollment in higher education is impressive,
on the other hand, with first-year student rolls having
doubled between 2004-2005 and 2007-2008, thanks
largely to a surge in medical students. What is more,
in 2008, 53.5% of S&T professionals were women.
Many STI professionals work in public research
institutes across the country, although the low
number of researchers among R&D personnel (7%)

is troubling.

The research strategy in Cuba is centred around a
number of National Research Programmes in
Science and Technology. A recent programme
focusing on ICT managed to increase Internet access
from 2% of the population in 2006 to nearly 12% a
year later. Although Cuba is known for the
development and production of pharmaceuticals,
other priorities are emerging. These include energy
R&D and disaster monitoring and mitigation, in light
of the threat of stronger hurricanes, droughts, coral
bleaching and flooding in future as a consequence
of climate change. Cuba has begun modernizing its
research infrastructure, notably its meteorological
services.

The countries of the Caribbean Common Market
(Chapter 7) have suffered acutely from the peakin
international food and commodity prices in recent
years. Jamaica, for instance, spent more on
petroleum imports in 2007 than the total value of its
exports. This situation has been exacerbated by the
global recession, which has hit the crucial tourist
industry hard.

uonNposu|

Two of the region’s largest countries, Jamaica and
Trinidad and Tobago, have now put together long-
term development plans (Vision 2030 and Vision 2020,
respectively) that emphasize the importance of STI
for development. Expenditure on R&D remains
dismally low, however, and private R&D moribund.
Only the higher education sector is booming: two
new universities have been established since 2004 on
the island of Trinidad and the introduction of free
tertiary education in Trinidad and Tobago in 2006
caused student enrollment rates to rise overnight.
However, the leap in the student population has not
been matched by a proportionate increase in
academic staff numbers, putting research under
strain. The region has great expectations for the
Caribbean Science Foundation launched in
September 2010 to revitalize R&D.

As Chapter 8 on the European Union (EU) highlights,
the EU is increasingly a heterogeneous group of
countries. Although the new member states are
catching up in economic terms, there remains a
yawning gap between the richest and poorest
member states. When it comes to innovation, however,
this heterogeneity knows no borders. Regions within a
country that perform particularly well in innovation are
dotted across the EU rather than being confined to the
older (and richer) member states.

Although the EU is the undisputed world leader for
publications recorded in the SCl, it is struggling to
increase expenditure on R&D and develop
innovation. This is visible in its inability to meet both
the Lisbon and Barcelona targets of raising GERD to
3% of GDP by 2010. Another issue member states are
struggling with across the EU concerns the
institutional reforms of the university system. The
dual challenge here is to improve the quality of
research and revitalize the EU’s poorly funded
institutions of higher education.
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On a more positive note, what sets the EU apart from
many other regions is its willingness to acknowledge
that it can only improve its performance in STl and R&D
by pooling the capabilities of member states. This
attitude has spawned a number of multilateral
European agencies and programmes. These vary from
large research organizations like the European
Organization for Nuclear Research (CERN) where
individual countries collaborate on the EU’s Framework
Programmes for Research and Technological
Development to the Joint Technology Initiative and
EUREKA, designed to stimulate research in industry.

A number of new EU organizations have been set up,
or are in the process of being set up, including the
European Science Foundation and European Institute
of Innovation and Technology, as well as funding
agencies like the European Research Council.

Until the global economic recession hit in late 2008, all
countries in Southeast Europe (Chapter 9) were
growing at an average rate of around 3% a year.
However, the region is particularly heterogeneous in
terms of its socio-economic development, with a ten-
fold difference between the richest (such as Greece and
Slovenia) and poorest (Moldova) countries. Whereas the
most advanced countries are implementing EU-focused
strategies with an emphasis on innovation, the stragglers
are still at the stage of attempting to design or
implement a basic S&T policy and establish an R&D
system. Two of the smaller countries are, of course, still in
their infancy: Montenegro only gained independence in
2006 and Kosovo in 2008.

Today, demand for R&D and skilled personnel
remains low in all but Slovenia, despite a growing
number of tertiary graduates. Two reasons for the
lack of demand for R&D are the small size of firms
and their lack of capacity. For the non-EU members
in the region, European integration represents the
only viable project for ensuring social and political
coherence. Without strong STl policies, the region is
in danger of falling further behind the rest of Europe.

Turkey (Chapter 10) has been emphasizing STl policies in
recent years. Between 2003 and 2007, GERD more than
doubled and business expenditure on R&D grew by 60%.
Domestic patent filings and grants also rose more than
four-fold from 2002 to 2007. It is the private sector that
has been driving economic growth since 2003.
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A number of policy measures have been putin place
to support STI. These include the Vision 2023 Project
in 2002-2004, the launch of the Turkish Research
Area in 2004 and a major five-year implementation
plan for the National Science and Technology Strategy
(2005-2010). The Ninth Development Plan (2007-
2013) has likewise focused on STl as a building block
for Turkey.

However, challenges remain. The Vision 2023 Project
was a technology foresight exercise but it has
unfortunately not spawned any policy initiatives to
build capacity in priority technology areas. Moreover,
the density of researchers remains poor and
enrollment in tertiary education is lower than for
countries with a similar income. Turkey also has an
underdeveloped venture capital market and an
insufficient number of high-growth firms. The
government has introduced a number of measures
to stimulate private-sector R&D, foster university—
industry collaboration and develop international
co-operation in R&D. These measures include tax
incentives for technoparks, of which there were
18in 2008.

The Russian Federation (Chapter 11) had been
experiencing an economic boom in the years before
the severe economic downturn towards the end of
2008. This was largely due to high oil prices, an initial
weak currency and strong domestic demand. Both
consumption and investment were high. The country
reacted to the crisis by adopting an extensive recovery
package but it is feared that this package may
increase the government’s tendency to intervene
directly in the economy rather than furthering the
kind of institutional reform needed to bring about
modernization, especially as regards STl policy.

Without such institutional reforms, the national
innovation system will continue to suffer from poor
linkages between the different actors. Currently, there
is a lack of co-ordination across departments,

a high level of administrative complexity and poor
linkages between science, academia and industry.
These factors all act as barriers to co-operation and
innovation. A notable feature is the imbalance
between the country’s STl performance and the
growing mass of financial resources dedicated to
R&D but jealously guarded within public research
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institutions where they are out of reach for industry
and universities. As a result, universities play a minor
role in new knowledge creation: they contribute just
6.7% of GERD, a stable figure for the past two decades,
and only one in three universities performs R&D,
compared to half in 1995. Private universities hardly
perform any research at all. The higher education
system has undergone widespread reform in recent
years with the introduction of bachelor’s and masters
programmes which now cohabit with the Soviet
degree system. By 2009, more than half of university
staff held the equivalent of a PhD.

STl policies need to allow for greater academic mobility
and co-operation; they also need to lay the groundwork
for a radical modernization of the professional training
of scientists and engineers. The latter point is all the
more urgent in light of the country’s ageing research
population: 40% are above the official retirement age.
Boosting support for university research has become
one of the most important strategic orientations of STI
and education policies in Russia. Since 2006, the
National Priority Project for Education and a follow-up
programme have provided 84 universities considered
to be centres of excellence with an additional

US$ 30 million each approximately to promote human
resource development, high-quality R&D and
educational projects, as well as permit the acquisition
of research equipment.

No country in Central Asia (Chapter 12) devotes
more than 0.25% of GDP to R&D. This is even the case
for Kazakhstan and Uzbekistan, the countries with
the most developed science systems. Other concerns
are the ageing ‘Soviet-generation’ research
population and an inadequate legal framework
which is partly responsible for the low level of
innovation by scientific organizations and private
enterprises.

STl policy initiatives in the region include the
Intellectual Nation 2020 programme unveiled in
Kazakhstan in 2009. It plans to develop a network

of schools in natural and exact sciences for gifted
pupils and to raise GERD to 2.5% of GDP by 2020.
Kazakhstan can already count on several technoparks.
Tajikistan has also adopted a plan for S&T covering
2007-2015. As for Turkmenistan, it has also witnessed
a revival of science since 2007, after research was

virtually shut down for many years under the
previous presidency. In Uzbekistan, a key measure
has been the establishment of a Committee for the
Co-ordination of the Development of Science and
Technology in 2006. After identifying seven priority
areas for R&D, the committee invited universities and
scientific organizations to submit research proposals
within a competitive bidding process. By the end of
2011, some 1098 projects will have been
implemented within 25 broad research programmes
in basic and applied research and experimental
development.
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Chapter 13 on the Arab States analyses the reasons
for the lack of a national S&T strategy or policy in
most Arab states, although all have sectoral policies
for agriculture, water, energy and so on. Even where
S&T strategies exist, innovation tends to be absent
from these, primarily due to weak linkages between
public and private R&D. However, Bahrain, Morocco,
Qatar, Saudi Arabia, Tunisia, the United Arab Emirates,
followed more recently by Jordan and Egypt, are
tackling this issue by setting up science parks.

S&T policies and strategies are also beginning to
emerge. Saudi Arabia adopted a national plan for S&T
back in 2003 and, in 2006, Qatar implemented a five-
year plan to increase GERD to 2.8% (from 0.33%). The
planned submission of an S&T strategy for the entire
Arab region to the Arab summitin 2011 for adoption
is another promising sign. The future plan is expected
to address the important issue of facilitating the
mobility of scientists within the region and to
enhance collaborative research with the sizeable
community of expatriate Arab scientists. It is also
expected to propose both national and pan-Arab
initiatives in about 14 priority areas, including water,
food, agriculture and energy. The plan may also
recommend the launch of an online Arab S&T
observatory, as a key to implementing measures at
the country level will lie in first identifying some of
the national challenges that Arab countries face.

Also promising is the number of funds for STl set up in
the region in recent years. These include the 2008
EU-Egypt Innovation Fund and two national funds:
the Mohammed bin Rashid Al Maktoum Foundation in
the United Arab Emirates (2007) and the Middle East
Science Fund in Jordan (2009).
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Chapter 14 on sub-Saharan Africa highlights the
move by a growing number of African countries to
enhance their S&T capacity as part of poverty
alleviation strategies. In 2008 alone, 14 countries
requested UNESCO's assistance with science policy
reviews. Although GDP per capita rose in the
majority of African countries between 2002 and
2008, it remains low by world standards, a factor
which has an impact on investment in STI. Moreover,
GERD still attracts less public funding than the
military, health or education sectors. South Africa is
the only country which comes close to the 1% mark
for R&D intensity (0.93% in 2007).

South Africa also dominates scientific publications,
representing a 46.4% of the sub-continent’s share, far
ahead of the two next most prolific countries, Nigeria
(11.4%) and Kenya (6.6%). Of note is that the number
of articles recorded in the SCI has progressed for all
sub-Saharan countries, even if only 17 could count
more than 100 articles in this database in 2008.

A major challenge is the low literacy rate and poor
quality of education, even if both literacy and
enrollment rates have climbed in the past decade. To
address these issues, the African Union issued a Plan
of Action for the Second Decade of Education for Africa
in 2006. Another major challenge is brain drain: at
least one-third of all African researchers were living
and working abroad in 2009. A growing number of
countries are tackling the root cause of this problem
by raising the salaries of academics and providing
other incentives. Cameroon, for instance, used the
writing-off of part of its debt to create a permanent
fund in early 2009 which tripled the salaries of
academics overnight. The number of academics
appears to have already swelled by about one-third
and the volume of scientific articles produced by
state universities has likewise risen.

Five years after the adoption of Africa’s Science and
Technology Consolidated Plan of Action (CPA) covering
the period 2008-2013, progress has been made in
biosciences and water research and the first set of
pan-African R&D statistics is due to be delivered in
2010. Concern has been voiced in some quarters,
however, at the rate of progress. The CPA is intended
to act as a framework for channelling greater funds
into S&T across the continent but, five years on, the
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proposed mechanism for channelling this funding,
the African Science and Innovation Facility, has not
yet materialized.

South Asia (Chapter 15) has enjoyed reasonably
good growth rates in the past few years and not
suffered unduly from the global recession, with the
notable exception of Pakistan which has seen its
growth rates drop from 6.8% in 2007 to 2.7% in
2009. Pakistan is the country that spends the most
on R&D (0.67% of GDP in 2007), IT and higher
education of the countries under study, which do
not include India and Iran. However, most R&D
funding in Pakistan is consumed by the military
sector (60%).

The region suffers from a lack of investment in STI.
Moreover, there is a lack of linkages between public
and private actors and no university—-industry
collaboration to speak of. It is noted in the chapter
that, overall, Pakistan, Bangladesh and Sri Lanka seem
better at producing basic knowledge than
commercializing it. It will be interesting to follow the
fortunes of the Sri Lanka Institute of Nanotechnology,
which was set up in 2008 within a joint venture
between the National Science Foundation and
domestic corporate giants that include Brindix,
Dialog and Hayleys. The new institute professes to
take ‘an industry-focused approach’

In addition to the lack of innovation, South Asia
suffers from low levels of literacy and education.
Governments face the dual challenges of widening
access while simultaneously making the education
system relevant to the national economy. They are
aware of the task at hand: Afghanistan, Bangladesh,
Pakistan and Sri Lanka are all at various stages of
higher education reform. Fortunately, they can count
on several high-quality academic institutions in the
region.

Iran (Chapter 16) is heavily reliant on its oil industry,
which currently accounts for four-fifths of GDP.

This situation weighs heavily on the country’s

STl policies, since these are not a priority for
generating future prosperity. With research being
funded mostly (73%) out of the public purse and
with an interventionist government pursuing its own
priorities, R&D tends to be focused on nuclear
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technology, nanotechnology, satellite launching and
stem cell research. Policy research bears little
relevance to national issues and remains cut off from
socio-economic realities.

The most recent document outlining Iran’s strategy
for S&T is enshrined in the Fourth Development Plan
(2005-2009). It focuses mainly on improving the
university system at a time of strong demand for
higher education: 81 000 students graduated in
2009, compared to 10 000 nine years earlier.

India (Chapter 17) is one of the world’s fastest-
growing economies, alongside China. Having been
relatively spared by the global recession, it is
pursuing a path of rapid growth. The past few years
have seen arise in private investment in R&D, with
the majority of new companies belonging to
knowledge-intensive sectors. A growing number of
foreign companies are also establishing R&D centres
on Indian soil. Most of these foreign centres focus on
ICTs. In fact, India has become the world’s leading
exporter of IT services. Aerospace exports are also
growing by 74% a year. Meanwhile, major Indian
companies like Tata have been investing in high-tech
companies abroad, in pursuit of technology.

In 2003, the government committed to raising
overall research expenditure from 0.8% to 2% of GDP
by 2007. Although GERD had only attained 0.88% of
GDP in 2008, this target sent a clear signal that public
policy was focusing on R&D. Moreover, the Eleventh
Five-Year Plan to 2012 not only emphasizes
innovation but also foresees a massive outlay on STI
via a budgetary increase of 220%.

There is a general trend in India towards recognizing
the’l'in STl in both the policy and business sectors.
Moreover, the adoption of the Indian Patent Act in
2005 to bring India into compliance with the TRIPS
agreement has not caused the domestic
pharmaceutical industry to slump, contrary to
predictions. The pharmaceutical industry is
flourishing, even if the domination of foreign firms in
patents continues to cast a shadow. Another
challenge is the steady flow of highly skilled people
out of India and out of domestic firms unable to
compete with the advantages offered by their India-
based foreign rivals. The biggest challenge of all,

however, will be for India to improve both the
quantity and quality of Indian S&T personnel.
The central government’s decision to create
30 universities across the country, including
14 world-class innovation universities, augurs
well for the future.
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China (Chapter 18) has made great strides in
economic development in the past decade with
consistently impressive growth rates. In August 2010,
China even overtook Japan to become the second-
largest national economy in the world. Its R&D
intensity has also been multiplied by a factor of six.
Today, only the USA publishes more scientific articles,
although the impact factor of Chinese articles in the
SCl remains much lower than for the Triad, China
figuring just behind the Republic of Korea and on a
par with India for citations of scientific papers.

The government has issued a number of key policies
in the past four years to maintain a high growth rate
and become an innovation-driven nation by 2020,
the ambitious target of the Outline of the Medium-
and Long-term Plan for National Science and
Technology Development adopted in 2005. The main
mechanisms incite enterprises to invest more in
innovation and Chinese researchers to return home
from abroad. The government also plans to recruit
2000 foreign experts over the next 5-10 years to
work in national laboratories, leading enterprises
and research institutes, as well as in a number of
universities. Another target is to raise the GERD/GDP
ratio from 1.5% to 2.5% by 2020.

In parallel, the Eleventh Five-Year Plan to 2010 is
developing STl infrastructure at a gruelling pace,
with 12 new megafacilities and 300 national key
laboratories planned, among other institutions.
Another focus is the environment. As part of the
strategy to reduce energy consumption and
emissions of major pollutants, the government plans
to ensure that non-fossil energy sources represent
15% of energy consumption by 2020.

Today, the main barriers to innovation are the
rapidly growing innovation risk that enterprises face,
the lack of support for systemic innovation and
exploration, and weak market demand for
innovation.
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Japan (Chapter 19) was hit hard by the global recession
in 2008. After stagnating at around 2% between 2002
and 2007, growth in GDP dropped below zero,
plunging major companies into distress and resulting in
bankruptcies and a surge in unemployment rates.

Japanese manufacturers have traditionally excelled in
steadily improving production processes and
accumulating production know-how within their
organizations to achieve the ultimate goal of high-
quality products at competitive prices. However, this
Japanese model is losing its effectiveness in many
industrial fields, as China, the Republic of Korea and
other nations with lower labour costs emerge as tough
competitors. Under such circumstances, Japanese
manufacturers have come to believe that they must
constantly innovate to survive in the global market.

One consequence of this new mindset has been the
rapid expansion in university—industry collaboration in
recent years, resulting in numerous university start-ups.
In parallel, both R&D expenditure and the number of
researchers seem to be rising in the private sector.

In fact, Japan retains a dominant STI position in key
industries such as automobiles, electronic components,
digital cameras and machine tools.

In 2004, all Japanese universities were semi-privatized
and turned into 'national university corporations, with
both faculty and staff losing their status as public
servants. The chapter argues that many academic
policies imported chiefly from the USA, such as
competitive R&D funding, centres of excellence and a
shift towards more frequent temporary academic
positions, may have undermined the unique features of
the existing university system by helping the top
universities but damaging R&D capacities at other
universities and destroying old domestic research
networks.

Chapter 20 focuses on what is probably the world’s
most committed country to STI: the Republic of Korea.
It had been enjoying high growth rates for a decade
before GDP shrank by 5.6% in 2008. Nevertheless, by
2009, the economy was already expanding again,
thanks to a government-led stimulus package. Part of
that package included greater R&D funding to
stimulate national STI. As a result, public spending on
R&D actually grew in 2008-20009.
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The Republic of Korea considers STl to be at the heart
of economic progress and crucial to achieving a
number of national goals. One of the top priorities is
to increase GERD to an impressive 5% by 2012, up
from an already high 3.4% in 2008. Strong investment
is coupled with strong policies. For instance, Initiatives
for Establishing a National Technology Innovation
System was implemented in 2004 with 30 priority
tasks. In 2008, the new government implemented a
follow-on strategy called the Science and Technology
Basic Plan (2008-2013) which has set itself as many as
50 priority tasks. These two plans now constitute the
basic framework for STl policy. In addition, a low
carbon, green growth policy was declared a key
national agenda in 2008.

The final chapter on Southeast Asia and Oceania
(Chapter 21) covers a vast geographical area
stretching from Australia and New Zealand to
Singapore, Thailand, Indonesia and the 22 Pacific
Island countries and territories. The global economic
recession has largely spared this part of the world.

In Cambodia, Thailand and Fiji, science is given a low
priority so the global recession has had little impact.
Countries more attached to STI, such as Singapore,
Australia and New Zealand, reacted to the recession
by sharpening their STl policies and aligning them
more on national priorities. One R&D priority common
to just about all countries in the region is sustainable
development and the role that STl can play in
combating climate change.

Singapore stands out as the region’s most rapidly
growing investor in science. Between 2000 and 2007,
its R&D intensity climbed from 1.9% to 2.5%.
According to the World Bank, only Viet Nam and
Singapore improved their ranking in the Knowledge
Index between 1995 and 2008. Growth has been
largely driven by Singapore-based scientists, many of
whom have come from abroad to work in its well-
funded laboratories. Between 2000 and 2007, the
number of FTE researchers rose by 50% to an
impressive 6 088 per million population. A key
national strategy has been to cluster research
institutes in ICTs and biomedical research into two
national knowledge hubs. This strategy has paid off, as
Singapore is an emerging hub for biomedical and
engineering technologies.
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However, Singapore is not the only country in the
region to have shifted its focus from S&T policies to STI
policies. Moreover, there is a growing emphasis in the
region on cross-sector R&D, such as through
collaborative-project funding schemes. The face of
collaborative research is changing. The rapid rise of
China and India has had a knock-on effect on S&T
capacity in Southeast Asia and Oceania. For example,
the commodities boom led largely by India and China
in recent years fed mining-related R&D in Australia,
resulting in greater business R&D.

It is no coincidence that academics based in China and
India figure among the top three countries of origin
for co-authors in several countries in the region.
Researchers are also spending more time abroad as
part of their training and ongoing collaborative
projects. There is clearly a higher level of international
engagement and co-operation in the region than
before.

CONCLUSION

Key messages

What conclusions can be drawn from the analysis above?
First and foremost, the disparity in development levels
from one country and region to another remains striking.
In 2007, per-capita income in the USA was estimated to
be 30 times higher on average than in sub-Saharan
Africa. Differences in economic growth rates have been
compounded over the years, leading to ‘divergence, big
time’ over the past 150 years in income levels between
rich and poor countries. In the late 19t century, for
instance, Nigeria was considered to be no more than a
decade behind the United Kingdom in terms of
technological development. The origin of this
divergence in economic growth can be found in the
disparate levels of investment in knowledge over long
periods of time. Even today, the USA still invests more in
R&D than the rest of the G7 countries combined. Four-
fifths of the world’s top universities also happen to be on
American soil.

The past decade has challenged this picture, largely
thanks to the proliferation of digital ICTs, which have
made codified knowledge accessible worldwide. For sure,
some early newcomers, like the Republic of Korea, had
been steadily catching up to, and even leap-frogging over,

countries since the 20t century by developing first their
industrial capacity then S&T. But others, such as China,
Brazil or India, have initiated a new, three-way process of
catching up simultaneously in the industrial, scientific and
technological spheres.

As a result, the past five years on which the present
UNESCO Science Report focuses have really begun to
challenge the traditional leadership of the USA. The
global economic recession has compounded the
situation, even if it is too early for this to be fully
encapsulated in the data. The USA has been harder hit
than Brazil, China or India, thereby enabling these three
countries to progress faster than they would have done
otherwise. Furthermore, as highlighted in the chapters
on China and India, we seem to be on the verge of a
structural break in the pattern of knowledge
contribution to growth at the level of the global
economy. This is also reflected in the arrival on the world
scene of large, multinational firms from emerging
countries which are moving into a wide variety of sectors
that range from mature industries such as steel-making,
automobile manufacturing and consumer goods to
high-tech industries like pharmaceuticals and aircraft
manufacturing. Companies in these emerging
economies are increasingly opting for cross-border
mergers and acquisitions to secure technological
knowledge overnight.

Thirdly, the increase in the stock of ‘world knowledge) as
epitomized by new digital technologies and discoveries
in life sciences or nanotechnologies, is creating fantastic
opportunities for emerging nations to attain higher
levels of social welfare and productivity. It is in this
sense that the old notion of a technological gap can
today be considered a blessing for those economies
possessing sufficient absorptive capacity and efficiency
to enable them to exploit their‘advantage of relative
backwardness’ Countries lagging behind can grow faster
than the early leaders of technology by building on the
backlog of unexploited technology and benefiting from
lower risks. They are already managing to leapfrog over
the expensive investment in infrastructure that
mobilized the finances of developed countries in the
20t century, thanks to the development of wireless
telecommunications and wireless education (via
satellites, etc), wireless energy (windmills, solar panels,
etc) and wireless health (telemedicine, portable medical
scanners, etc).
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Other factors are also creating unique advantages in
terms of knowledge growth. This is particularly well
illustrated by the rapidly expanding pool of highly skilled
labour in China and India, among others, the large
numbers of redundant workers in farming and petty
trade, the relative gain in the replacement of obsolete
equipment with state-of-the-art technologies and the
spillover effects of investment in new technology. The
recognition of the importance of knowledge acquisition
is a common thread running through all chapters. In
Bangladesh, for instance, light engineering is producing
import-substitution products that are creating
employment and alleviating poverty. Endogenous
technologies include ferries, power plants, machinery
and spare parts. But Bangladesh is also developing the
high-tech sector of pharmaceuticals. It is now 97% self-
sufficient in pharmaceuticals and even exports them to
Europe.

Fourthly, there is growing recognition that it is the
systemic ‘congruence’ between the various knowledge
components of the innovation system that counts when
it comes to devising a successful growth strategy, as we
have seen in Figure 5. In many mainly middle- and high-
income countries, there is a distinct shift occurring from
S&T policy to STl policy. This is having the effect of
steering countries away from the linear approach
starting with basic research and ending up with
innovation towards more complex, systemic notions of
innovation. University-industry collaboration, centres of
excellence and competitive research funding are all
becoming popular among countries looking to increase
their STl capacity. However, as the chapter on Japan
illustrates, such shifts are not easy to implement. At a
time when Japan'’s global influence in R&D is slipping
somewhat, the author of this chapter argues that the
‘imported’ policies cited above may have damaged the
existing academic system in Japan, favouring the best
institutions to the detriment of others which have been
allowed to fall behind. It is true that, now and then,
‘imported’ policies will indeed conflict with ‘home-
grown’ policies. To complicate matters further, even
countries which have integrated this systemic
congruence in their STl policies still tend to
underestimate it in their overall development policies.

Fifthly, there is a growing emphasis in STl policy on

sustainability and green technologies. This trend can be
found in practically every single chapter of the UNESCO
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Science Report, even in parts of the world not generally
characterized by a large STl effort, such as in the Arab
region and sub-Saharan Africa. This holds not only for
clean energy and climate research but also for the
repercussions on S&T fields upstream. Space science and
technology, for example, are a rapidly growing field for
many developing and emerging countries. Driven by
concerns about climate change and environmental
degradation, developing countries are attempting to
monitor their territory more closely, often via North-
South or South-South collaboration, as in the case of
Brazil and China for the design of Earth observation
satellites, or via projects like Kopernicus—Africa involving
the African Union and European Union. At the same
time, space science and technology are of course being
harnessed to provide ICT infrastructure for use in
wireless applications in health, education and other
fields. Climate change-related research has emerged as
an R&D priority when it was almost totally absent from
the UNESCO Science Report 2005. As a general broad
policy comment, one can today reasonably argue that
laggard regions or nations always do well to improve
their absorptive capacity and remove any ‘barriers’
preventing the flow of positive technological spillovers
from technologically leading economies, be they from
the North or South.

Last but not least, national ST policies clearly face a
radically new global landscape today, one in which the
territorial policy focus is coming under severe pressure.
On the one hand, the steep drop in the marginal cost of
reproduction and diffusion of information has led to a
world in which geographical borders are less and less
relevant for research and innovation. Knowledge
accumulation and knowledge diffusion are able to take
place at a faster pace, involving a growing number of
new entrants and providing a threat to established
institutions and positions. This globalizing trend affects
research and innovation in a variety of ways. On the
other hand, contrary to a possibly somewhat simplistic
reasoning, globalization does not lead to a flat world,
one in which gaps in research and innovation
capabilities across countries and regions are constantly
narrowed. Quite to the contrary, if there is clear evidence
of a concentration of knowledge production and
innovation emerging across a wider variety of countries
than before within Asia, Africa and Latin America, this
knowledge is growing at a highly differentiated pace
within countries.
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Within an overall programme that
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Transforming our Economy with
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great discovery, creating jobs in
cutting-edge technologies and making
smart investments that will help
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in a global economy. i
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administration's plans for
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2 - United States of America

J. Thomas Ratchford and William A. Blanpied

INTRODUCTION

Research and development (R&D) in the United States of
America (USA) have prospered over the five years since the
UNESCO Science Report 2005 was published. The political
environment has remained conducive to a large federal role
in defence and basic research, while the universities have
continued to strive for excellence in research and teaching,
beneficiaries of generous federal subventions and project
support. Operating in a friendly policy environment,
companies have invested unprecedented amounts in
research. The threatening cloud on the horizon for R&D is
the global economic recession.

The economic downturn first became visible in the USA in
the last quarter of 2008, after the collapse of the country’s
credit system in what has become known as the subprime
mortgage crisis. The crisis first hit the world’s headlines
after the federal government refused to bail out Lehman
Brothers. The firm filed for Chapter 11 bankruptcy
protection on 15 September 2008. American International
Group, the world’s largest insurer, was bailed out the next
day at an eventual cost of between US$134 billion and
US$180 billion. In the following weeks, several leading
lending institutions also folded, including Bear Stearns.
Others would be saved in extremis by federal intervention.

By the end of 2008, millions of mortgaged American
homes had been seized by creditors. Between June 2008
and June 2009, 2 million jobs were lost. Unemployment
rose from nearly 4% to about 10% of the working
population, a deterioration not seen in over 25 years.

By early 2009, two of the three leading car manufacturers
were having to be bailed out by the federal government.
Both General Motors and Chrysler were later reorganized
following bankruptcy. As of May 2009, GDP had
contracted by slightly more than 3% on an annual basis,
with a low of 6.4% for the first quarter.

At the time of writing in October 2009, GDP had
expanded for the first time in a year in the third quarter at
an annual rate of 3.5%, according to the Department of
Commerce. Economists were fearful, however, that the
recovery might not last, as government programmes to
stimulate consumer spending were due to expire and
both public debt and unemployment kept rising steadily.

In the same issue in which its Breakthrough of the Year
was announced on 19 December 2008 (Box 1), the

American journal Science featured a one-page article
entitled Breakdown of the year: financial meltdown. The
credit crisis will undoubtedly have negative repercussions
for investment in R&D in the USA, as in other countries,
and may delay the commercialization of promising
technologies. Although the Science article did not point
the finger at the economists whose risk models were
partially responsible for the financial crisis, nor at the
handful of PhD physicists who were employed on high
salaries by Wall Street firms to conduct such analyses,
they were clearly culpable to some extent for the
financial meltdown.

S&T IN THE OBAMA ADMINISTRATION

On 20 January 2009, Barack H. Obama was sworn in as the
USA's 44t President after George W. Bush's eight years in office.
The global economic recession President Obama inherited has
provided a unique backdrop for his administration and its
stance on science and technology (S&T).

In response to the deepening crisis, the incoming Obama
administration proposed a second economic stimulus
package which was approved by Congress — the US
parliament — in February 2009. This package included
significant one-time funding for federal S&T organizations
through 2010. The Administration’s detailed budget
request for fiscal year 2010, submitted to Congress during
the first week of May 2009, also included significant
requests for these organizations.

The president articulated his vision of the future in an
address to the National Academy of Sciences on 29 April
2009. He pledged an increase in gross domestic expenditure
on R&D (GERD) from 2.7% to 3% of GDP, requiring a rise in
both government and industrial expenditure. This, he
emphasized, would contribute to the development of less
expensive solar cells, learning software that could provide
superior computer tutorials and, above all, alternative, clean
energy sources. ‘Energy, he asserted, ‘is this generation’s
great project! He suggested that the USA should commit
itself to reducing carbon pollution by 50% by 2050 against
the 1990 base year. To this end, he reiterated his intention to
create an Advanced Research Project Agency for Energy
(ARPA-E) within the Department of Energy. This agency
would be analogous to the Department of Defense’s
Advanced Research Project Agency (DARPA) in conducting
high-risk, high-reward research.
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If there is a common thread running through President
Obama’s S&T policies, funding and people, itis a
commitment to a green future: reducing greenhouse
gasses and using clean energy. This commitment is
reflected in stronger standards for vehicle efficiency
(CAFE standards) and proposals for a‘cap and trade’
regime to reduce greenhouse gas emissions.

There is also a renewed emphasis on federal involvement
in industrial technology development and a tilt towards
fewer controls on some controversial research, such as that
utilizing stem cells. It remains to be seen how these trends
will endure beyond the current economic recession.

The fundamental policies that have undergirded the
support for R&D in the USA for more than a half a century
are expected to remain in place. These include generous
federal support for basic research and a policy
environment favourable to private-sector funding of R&D.

Overall, the Obama administration and the Democratic
majority in Congress — the President himself being a
Democrat - are expected to be more amenable to
federal R&D expenditure than the Republican party,
especially when it comes to federal programmes that
strengthen industrial R&D. President Obama appears to
be engaged on science issues and is known as a‘science
guy’. His policy changes include new guidelines on
embryonic stem cell research. These new guidelines
allow federal funding for research only on new stem cell
lines created from surplus embryos at fertility clinics.
They include rigorous eligibility standards and lines
created in the laboratory to study particular diseases are
not allowed. The New York Times, in an editorial of 22
April 2009, complained that the new guidelines were
‘disappointing’. The guidelines under President Bush,
themselves a political compromise, permitted federal
funding of research on 21 cell lines. The Obama
guidelines also appear to be a political compromise but
lean further towards the free scientific enquiry end of
the spectrum. In July 2009, the Obama Administration
further modified its rules regarding stem cell research in
response to criticisms reported in the April New York
Times editorial.

Of greater structural policy importance is an Obama
memorandum insulating scientific decisions by federal
government officials from political influence. Freedom of
scientific enquiry is a cornerstone of any effective science
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policy regime and, in the modern world of federally
funded research, the government role is central. Life for
dissenters, even in science, has always been tough. The
real test of this policy will be whether federal funding of
scientific opinions not ‘politically correct’ will flourish.

Funding

President Obama views investment in science, technology
and innovation (STI) as important components of the
nation’s economy, as emphasized in both his stimulus
package and his 7 May budget request for R&D in his
proposed budget for fiscal year 2010.

In a speech to the National Academy of Sciences on
29 April 2009, the president promised to meet two
important benchmarks:

m firstly, that the nation would carry GERD to 3% of GDP
by the time he left office, compared with the unofficial
estimate of 2.7% for 2008. This ratio has never reached
or exceeded 3%; it peaked at 2.9%, in 1962;

m secondly, that the research and experimentation tax
credit would be made permanent. This is a tax credit
for R&D investment by industrial firms which has been
renewed by Congress periodically.

The president’s promise has been greeted favourably by
industry. Both pledges require substantial investment by
industry and a concomitant favourable industrial research
policy environment.

People

Material to the effects of these budget increases are the S&T
leaders in the new administration. They have the
responsibility to implement these increases wisely and to
advise on how best to deploy S&T in the service of the nation.

The Obama administration has a strong S&T team. The
fact that important appointments were made early on
sent a positive signal. President Obama'’s choice for
Science Advisor and Assistant to the President for Science
and Technology was John Holdren, former head of the
Harvard Kennedy School’s Science, Technology, Public
Policy Program at the Belfer Center for Science and
International Affairs. Holdren is a strong supporter of
controls on greenhouse gases. He has also, in the past,
expressed support for clean coal and advanced nuclear
technologies. Holdren has identified five major
challenges for the nation: applying S&T to (1) the



economy, (2) public health, (3) energy, (4) environment,
and (5) national and homeland security.

Other stars in the Obama science galaxy include Energy
Secretary Steven Chu, who is Lawrence Berkeley National
Laboratory Director and a Nobel Laureate in physics. Jane
Lubchenco, a marine scientist from Oregon State University,
heads the National Oceanographic and Atmospheric

United States of America

Administration (NOAA). Lisa Jackson, a chemical engineer, is
the Chair of the Environmental Protection Agency. These
organizations have rarely, if ever, been headed by scientists
in the past. Francis Collins, former head of the Human
Genome Project, has been nominated Director of the
National Institutes of Health (NIH). Regina Benjamin, an
Alabama family physician who served for almost two
decades as one of the few doctors in a shrimping village

Box 1: Breakthroughs of the year

Scientists working at American
institutions — many of them foreign-
born or working in collaboration with
scientists from other countries — have
continued to obtain important results
across a broad spectrum of scientific
fields since the UNESCO Science Report
2005 was published. These
breakthroughs include both
discoveries with potential for
commercial application and those
that serve primarily to deepen human
understanding of the physical and
living Universe.

Each December, Science, the
respected journal of the American
Association for the Advancement of
Science (AAAS), publishes an article on
what it entitles the Breakthrough of the
Year. Here are the 'winners'in recent
years from the USA and elsewhere:

(2004) Martian exploration

Science selected two robots launched
by the National Aeronautics and
Space Administration (NASA) as its
breakthrough of the year. Opportunity
and Spirit, which roamed over
different portions of Mars, both
discovered evidence that water may
once have existed on the planet.

If water did once exist on Mars, as
was confirmed in 2008 by other
Martian rover robots, then some form
of life may once have existed, or may
still exist, on the planet.

(2005) The Poincaré Conjecture

In 1904, the French mathematician
Henri Poincaré advanced a conjecture
in the branch of mathematics known
as topology - that is, the study of the
surfaces of multidimensional objects.
(The surface of a three-dimensional
object has two dimensions; that of an
N-dimensional object, N-1
dimensions.) Poincaré proved that
differences in surfaces of any
N-dimensional object differ only in
the number of their holes. He then
conjectured that a three-dimensional
space that is the surface of a four-
dimensional object cannot ‘hide any
interesting topology’from what he
referred to as the fundamental group.
Mathematicians had proved
‘analogous statements for spaces of
every dimension higher than three'by
the early 1980s but proof of Poincaré’s
original conjecture for three-
dimensional spaces was not
forthcoming until 2002 when the
Russian mathematician, Grigori
Perelman, who had collaborated
earlier with the American
mathematician Richard Hamilton, built
on Hamilton's work to publish the first
of three papers demonstrating how
any type of three-dimensional surface
can evolve into another without
encountering any roadblocks, known
to typologists as 'singularities: In 2006,
topologists reached the consensus

eOLIBWY JO S31RIS PaYIuN

that Perelman had, in fact, proved the
Poincaré conjecture.

(2006) Evolution in action

Science focused on a pair of results
which deepened our understanding
of Darwinian evolution, as well as the
relationship between humans and
other primates. The first of these
breakthroughs occurredin September
[when] an international team
published the genome of [....] the
chimpanzee’ These results indicated
that humans and chimps differ by only
about 1% in the nucleotide bases of
their respective genomes, or by
approximately 4% of their DNA. The
second set of results concerned the
emergence of new species, which
form ‘when existing populations of
species begin to adapt in different
ways and eventually stop
interbreeding’ Two separate teams of
researchers found evidence for the
ways in which this speciation occurs in
European blackcaps, a type of warbler
found in Germany and Austria, as well
as in European corn borers living
throughout Western Europe.

(2007) Human genetic variation

and disease

In 2001, the sequencing of the

human genome was completed and

its results were made available to
continued
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Box 1: Continued

researchers throughout the world.
Geneticists then turned their attention
to how minute differences in the
genomes of individuals differentiate
them from one another. In 2005, the
UK's Wellcome Trust recruited

200 researchers from several countries
to analyse the DNA of 17 000 people.
Significant results for 2007 focused on
type 2 (adult-onset) diabetes genes,
including the discovery of four new
diabetes-associated gene variants.
‘New gene associations now exist for
heart disease, breast cancer, restless
leg syndrome, atrial fibrillation,
glaucoma, amyotropic lateral sclerosis,
multiple sclerosis, rheumatoid arthritis,
colorectal cancer, ankylosing
spondylitis and autoimmune diseases!

(2008) Seeing exoplanets

Prior to 2008, astronomers had
succeeded in using indirect methods
to identify over 300 exoplanets, that is,
planets orbiting stars other than our
Sun. The most common of these
indirect methods measures the slight
wobbling of a star, indicating variation
of the gravitational attraction between
the star and a massive, orbiting object.
During 2008, at least four groups
reported direct, telescopic
observations of the light from the
mother star by orbiting exoplanets.
Since the light emitted from the star
itself is significantly brighter than the
light reflected from a daughter planet,
sophisticated techniques are required
to pinpoint the latter. Exoplanets
identified thus far — including those
reported prior to 2008 — are typically
considerably more massive than the
planet Jupiter, itself one million times
more massive than Earth.

Significant technological advances will
be required if exoplanets with masses
comparable to Earth are to be
detected.

Other frontier discoveries
In recent years, runner-up’ discoveries
have included:

B (2004) the discovery by Australian
researchers of a new, tiny species
of hominid in Indonesia known as
the Hobbit;

m (2005) the discovery by
astrophysicists of the first known
binary system of pulsars. Runners-
up for 2005 also included the
landing of the first human-made
object on a moon of another
planet, Titan, a satellite of Saturn;

m (2006) the identification by plant
molecular biologists of the identity
of florigen, a signal that initiates the
seasonal development of flowers;

m (2006) Sequencing of more than
one million base pairs of
Neanderthal DNA, completed by
researchers in Europe and the
USA, concluding that
Neanderthals diverged from our
own ancestors approximately
450 000 years ago and suggesting
that Neanderthals and modern
humans may have interbred;

m (2007) the demonstration by
glaciologists that the great ice
sheets covering Greenland and
Antarctica are shrinking at a
considerably greater rate than
had previously been expected;

m (2008) the discovery that, when

different classes of crystals of
substances known as transition
oxides are placed in layers, the
results could herald the birth of
new types of micro-devices to
rival those which now dominate
the electronics industry, silicon-
based devices;

(2008) a systematic survey of
many genes in cancer cells
detected genetic mistakes which
led to the breakdown of normal
cell division. In 2008, reports on
the genetic flaws leading to
pancreatic cancer and
glioblastoma, two of the most
deadly forms of cancer, were
announced;

(2008) a new catalyst, a mixture of
cobalt and phosphorus, uses
electricity to separate water
molecules into their constituent
hydrogen and oxygen atoms. If
developed on an industrial scale,
this catalyst could serve as the
basis for storing energy derived
from wind, solar and other
sources for later use. Researchers
have known for some time that
platinum provides a catalyst for
the separation of water into its
constituents. However, since
platinum is rare and expensive,
the newly identified
cobalt-phosphorus catalyst could
provide the means for making
significantly more effective use of
renewable energy sources.

Source: authors



along the Gulf of Mexico coast, has been nominated
Surgeon General, a position often called 'the nation's
physician' Geneticists Harold Varmus, a Nobel Laureate and
former Director of NIH, and Eric Lander of the
Massachusetts Institute of Technology have been named
Co-Chairs of the President’s Council of Advisors on Science
and Technology.

R&D INPUT

R&D expenditure

GERD in the USA has continued to rise since the turn of
the century, reaching an estimated US $368.1 billion in
2007. Private industry contributed approximately 67% of
the total and the federal government 27% (Figure 1).

These numbers are derived from data provided by the
National Science Foundation (NSF). This body is required
by law to gather, analyse and disseminate a large variety
of data related to S&T, including GERD. Whereas data on
federal government expenditure are readily accessible to
the NSF, those related to industry and other funding
sources are obtained via surveys, which require more time
to gather and analyse. For this reason, GERD data

United States of America

appearing in subsequent sections of the present chapter
which were obtained from other sources are sometimes
given for 2008 or, in rare cases, 2009. Additionally, the R&D
Budget Program of the American Association for the
Advancement of Science (AAAS) provides estimates of
federal expenditure for both 2008 and 2009. These data,
however, relate to the president’s requested budget
submitted to Congress in February or March each year,
rather than to actual congressional appropriations which
are not finalized until late the same year or, in some cases,
early the following year.

Figure 2 shows trends in GERD by funding source between
1990 and 2007, expressed in both current and 2000
constant (that is, inflation-adjusted) US dollars.

The USA consistently invests more money in R&D than
the rest of the G8 countries combined. Its share of G7
expenditure on R&D has fluctuated between 48% and
53% over the past 25 years and has exceeded 50% since
1997." In 2006, the USA'’s share of the G7 total was 53%.

1. Russian data only go back to 1990, which is why comparisons dating
back to the 1980s speak of the G7 rather than the G8.

Figure 1: GERD in the USA by type of research and source of funds, 2007 (%)

Type of research

uss$ §4.1 b|II|on/1 20
basic research

22.0
I

USS$ 81.2 billion

applied research

Note: percentages may not add up to 100% because of rounding

Source: National Science Foundation

US$ 222.5 billion
development

US$ 24.7 billion
state governments,
colleges, universities,
private non-profit
organizations

Source of funds

USS$ 245.0 billion
private industry

27.0

US$ 98.3 billion /
federal government
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Figure 2: GERD in the USA by source of funds, 1990-2007
In millions of current and constant 2000 dollars
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Source: National Science Foundation

In 2007, the ratio of GERD to GDP in the USA was 2.67%,
down from its most recent high of 2.81% in 2003. The
NSF's unofficial estimate for 2008 is 2.70%. With a
GERD/GDP ratio of 3.67% in 2007, Japan is the only G8
country with a higher ratio. However, several smaller
countries have also boasted higher GERD/GDP ratios than
the USA in recent years: Israel 4.71% (2005), Sweden
3.64% (2007), Finland 3.47% (2007), Republic of Korea
3.37% (2008), Switzerland 2.93% (2004), and Iceland 2.86%
(2003).

Figure 3 shows the trend in GERD for the USA and the
other G8 countries since 1990. Usually, but not always,
high GERD/GDP ratios for smaller countries signal the
presence of large multinational companies with
associated large R&D budgets. Such is also the case in the
USA. In 2004, R&D expenditure for multinational
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corporations headquartered in the USA amounted to
approximately US$152.4 billion. Microsoft, for example,
invested US$7.8 billion in R&D, the highest of any
multinational corporation. Others headquartered in the
USA with significant expenditure were Pfizer

(US$7.7 billion), Ford (US$7.4 billion), General Motors
(US$6.5 billion), IBM (US$5.7 billion), Johnson and
Johnson (US$5.2 billion) and Intel ($4.8 billion).

R&D AND THE FEDERAL GOVERNMENT

Federal funding

In fiscal year 2008, covering the period to 30 September
2008, the federal government obligated an estimated
US$112.8 billion for GERD. Table 1 shows the estimated
breakdown of federal expenditure on R&D in 2008 by



Figure 3: Trends in GERD in the G8 countries, 1990-2006
In constant 2000 USSbillions and as a percentage of GDP
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Table 1: Federal R&D in the USA by major socio-economic objective, 2007-2009

Budget authority in millions of dollars

2007 2008
Actual Estimate

Defence* 82658 81500
Non-defence 59276 60 941
Space 10988 11676
Health 30396 30663
Energy 1922 2460
General Science 8712 8744
Environment 2096 2153
Agriculture 1950 1972
Transportation 1380 1359
Commerce 516 557
International 246 255
Justice 369 355
All other 700 746
Total R&D 141933 142 441

[N Y 1) Y. 3y Y 1) 1+ JR—
2009 Dollar Percentag Share of total
Budget change change 2009 (%)
84513 3013 3.7 57.4
62848 1907 3.1 42.6
12334 657 5.6 8.4
30813 150 0.5 20.9
2474 14 0.6 1.7
10225 1481 16.9 6.9
2060 -93 -4.3 1.4
1637 -335 -17.0 1.1
1366 7 0.5 0.9
576 19 33 0.4
255 0 0.0 0.2
356 1 0.3 0.2
752 6 0.8 0.5
147 361 4920 3.5 100.0

* Includes Department of Defense, defence R&D in the Department of Energy and defence-related R&D in the Department of Homeland Security
Note: Classifications generally follow the government’s budget function categories, with the exception of health. All figures are rounded to the nearest

million. Changes are calculated from unrounded figures.

Source: AAAS estimates based on data from OMB and agency budget justifications

major socio-economic objective. Of the total, a little
over half was devoted to national defence and one-
fifth to health. The USA is unique both among
countries of the Organisation for Economic
Co-operation and Development (OECD) and G7
countries in its heavy emphasis on defence and health.

Principal supporting agencies

Although more than 25 federal agencies report GERD
obligations, only seven reported GERD obligations in
excess of US$1 billion in 2007. The budget of these
agencies accounted for over 96% of federal GERD, or
approximately US$108 billion.2

The principal funding sources and performers of R&D in
the Department of Health and Human Services are the
National Institutes of Health. A significant change since
the UNESCO Science Report 2005 in terms of federal
support for R&D is that seven rather than six federal

2. The US$108 billion total exceeds the US$98.3 billion total federal R&D
appropriations for fiscal year 2007, since several agencies are permitted to
carry over unexpended funds from one fiscal year to the next, including
the Department of Defense.
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agencies are now in the billion-dollar R&D club and
account for over 96% of federal expenditure (Table 2). The
Department of Homeland Security, created in response to
the jihadist attacks on the USA of 11 September 2001,
combined bureaux within several existing cabinet
departments; it has now joined the ranks of those principal
performers and supporters of federal expenditure on R&D.

The American Reinvestment and Recovery Act (2009)
On 9 February 2009, Congress enacted the American
Recovery and Reinvestment Act, commonly known as the
stimulus package, which President Barack Obama signed
into law a week later, on 17 February. The rationale and
general outline of the Act had been proposed by Obama
on 6 January, two weeks prior to his inauguration. The
approximately US$800 billion stimulus package contains
substantial funding for S&T, in excess of US$30 billion.
These investments are made in the context of the Obama
administration’s emphasis on clean energy, education,
basic research, health care, broadband communications,
medical discoveries and infrastructure such as roads and
schools. Specific R&D increases found in the stimulus
package include:



Table 2: Basic research budget for the primary US federal
agencies, 2003 and 2008

Basic research Basic

budgetin research

2003 in 2008

(USS billions) (USS billions)

National Institutes of Health 14.1 16.5

National Science Foundation 34 40

Department of Energy 2.6 3.5
National Aeronautics and

Space Administration (NASA) 24 2.3

Department of Defense 14 1.8

Department of Agriculture 0.9 0.9

Department of Homeland Security - 0.3

Total for the agencies
listed here 24.8 29.4
Total for all federal agencies - 30.3

Source: AAAS; Ratchford and Blanpied (2005) United States of America.
In: UNESCO Science Report 2005

= National Science Foundation: US$3 billion, including
US$2.5 billion for research and related activities,
US$400 million to build major research facilities and
US$100 million for improving instruction in science,
mathematics and engineering.

= National Institutes of Health (NIH): US$10 billion,
including US$1.3 billion for the National Center for
Research Resources (US$1 billion of which is for
competitive awards, construction and renovation of
extramural research facilities); US$8.2 billion for the Office
of the Director (US$7.4 billion for institutes, centres and a
Common Fund); and US$500 million for repair and
improvement of NIH buildings and facilities.

= Department of Energy: US$18.4 billion, US$16.8 billion
of which is for energy efficiency, renewable energy sources
and batteries and the remainder for science programmes.

m Department of Energy’s new Advanced Research
Project Agency: US$400 million is provided for high-
risk, high-payoff research into energy sources and
energy efficiency.

United States of America

= National Aeronautics and Space Administration
(NASA): US$1 billion, including US$400 million for
science, US$150 million for aeronautics and
US$400 million for exploration.

= National Institute of Standards and Technology
(NIST): US$600 million total including US$220 million
for research, competitive grants, fellowships and
equipment; US$360 million is to address maintenance
and construction of NIST facilities.
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m US Geological Survey: US$140 million compared with
a total 2009 budget of US$1.04 billion for surveys,
investigations and research.

= Department of Defense: US$300 million for research,
testing and evaluation, in addition to the energy initiative
of the Advanced Research Project Agency noted above.

President Obama’s budget request for 2010

On 7 May 2009, President Obama submitted his detailed
budget request to Congress for fiscal year 2010 beginning on
1 October 2009. This included an appeal for R&D of

US$147 .4 billion, an increase of US$555 million over the
previous fiscal year appropriated by Congress and an amount
over and above that provided in the February stimulus
package. Of this amount, US$29.4 billion was earmarked for
basic research (Table 2), US$29.7 billion for applied research
and the balance for technological development.

In fiscal year 2007, Congress had accepted the Bush
administration’s request to double the budgets of the
National Science Foundation (NSF), the Office of Science of
the Department of Energy and the National Institute of
Standards and Technology. The Obama administration’s fiscal
year 2010 request is on track to double the budget of these
three organizations by fiscal year 2016.

The role of ‘mission agencies’

With a single exception, all of the federal government’s
cabinet departments and independent agencies that
perform and/or support R&D do so in pursuit of their
congressionally mandated missions. The exception, the NSF,
was mandated by Congress at the time of its creation in 1950
to‘advance the progress of science’ by supporting science
and engineering research in universities, colleges and other
non-profit institutions, as well as mathematics, science and
engineering education at all levels. The NSF has since
enjoyed functional autonomy.
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Of the federal government’s US$94.2 billion in R&D
expenditure for 2007, US$24.4 billion was devoted to
activities in laboratories and other facilities managed
directly by a federal department or agency. Among the
latter, the 27 research facilities of the National Institutes of
Health (NIH), most of them located in Bethesda in the
State of Maryland, immediately north of Washington, DC,
provide the principal example. In 2007, just under 10% of
NIH's US$28.4 billion budget was allocated to research in
these 27 facilities. The remainder was allocated to awards
for university faculty, most often in medical schools, in the
form of research grants based on competitive, peer-
reviewed proposals. Many of these research projects
involve large, expensive epidemiological studies.

Federally Funded R&D Centers

An additional US$13.2 billion from the 2007 federal
budget for R&D was allocated to the 37 Federally Funded
Research and Development Centers (FFRDCs), often called
national laboratories. Specific to the USA, these centres
are managed by universities, companies and non-profit
institutions on behalf of the federal government and with
its full support. Of these 37 centres, 16 are university-
managed, 5 are industry-managed and 16 are managed
by non-profit organizations.

Sixteen of the FFRDCs are funded by the Department of
Energy (DoE) and managed on its behalf. These

16 organizations performed R&D funded to the tune of
almost US$9 billion during fiscal year 2006, three-
quarters of the R&D performed by all the FFRDCs
combined. Approximately 60% of DoE’s R&D budget is
allocated to supporting these facilities. DoE-supported
FFRDCs include the Los Alamos, Livermore and Sandia
National Laboratories, which were originally established
for the purpose of developing nuclear weapons,
beginning with Los Alamos in 1943. Although the first
two had been managed from the outset by the
University of California, DoE announced in 2003 its
intention to open up their management to bids from
other potential contractors. Both are now managed by
consortia which include both the University of California
and a number of industrial organizations. Four of the
FFRDCs reported expenditure on R&D of more than
US$1 billion in fiscal year 2006: Los Alamos National
Laboratory, Sandia National Laboratory, the Jet
Propulsion Laboratory (managed by the California
Institute of Technology on behalf of NASA) and the
Livermore National Laboratory.
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DoE-supported national laboratories also include several
whose purpose is to house and maintain large-scale
research facilities on behalf of university users groups,
including the Ernest Orlando Lawrence Berkeley
Laboratory managed by the University of California and
the Fermi National Accelerator Laboratory managed by a
consortium of universities known as Associated
Universities Inc.

In addition to those supported by DoE, nine FFRDCs are
supported by the Department of Defense (DoD), an
additional five by the National Science Foundation which,
by law, cannot operate its own research facilities, and one
each by NASA, the NIH, the Department of Homeland
Security, the Nuclear Regulatory Commission, the National
Security Agency and the Internal Revenue Service.

S&T IN INDUSTRY

The effect of the recession on industrial R&D

The year 2008 began with an optimistic outlook for
industrial R&D funding. The annual Industrial Research
Institute (IRI) survey of projections of member companies
— which perform the majority of industrial R&D in the USA
— indicated robust growth for total company R&D.
Companies planned to increase hiring of new graduates
to conduct R&D. The ratio of R&D to sales was projected to
rise, indicating an increase in technological intensity.

The economic climate deteriorated dramatically
throughout 2008 and well into 2009. Although industrial
R&D rose to its highest level in 2007 and 2008, reliable
projections in mid-2010 showed a levelling out in 2009
and even a modest reduction in 2010. Pfizer Inc.
announced in January 2009 that it was laying off as many
as 800 researchers, 5-8% of its 10 000 research employees.
Pfizer has the biggest R&D budget of any drug-maker
(USS$7.5 billion). The large pharmaceutical companies have
had a lot of trouble designing effective strategies for R&D,
due to thelumpy’ or irregular pay-off resulting from the
‘blockbuster’ drug model that requires a huge financial
investment in development and testing. Some industry
experts call for ‘big pharmas’ to buy more of the new drugs
for their pipelines rather than develop these in house.

On 29 April 2009, the IRI hailed the Obama administration’s
R&D spending plans as ‘the largest commitment to scientific
research and innovation in US history, more than what was



spent at the height of the space race in 1964’ However,
painful changes are likely in industry. As IRl President Edward
Bernstein noted, 'Now more than ever, R&D groups are under
pressure to restructure their organizational and
technological capabilities in key areas!

The business-oriented Wall Street Journal took a generally
optimistic view of R&D in industry in a front-page article
dated 6 April 2009. The Journal provides a contrasting view of
multinationals Apple and Motorola, pointing out that Apple
boosted R&D spending by 42% between 1999 and 2002,
resulting in the iPod and iTunes lines. Motorola, on the other
hand, slashed R&D spending by 13% in 2002, causing R&D
expenditure to trail revenue. Motorola’s market share and
stock price have since plummeted. The Journal states, 'R&D
spenders say they've learned from past downturns that they
must invest through tough times if they hope to compete
when the economy improves!

The bottom line appears to be a likelihood of substantial
reductions in industrial R&D during the economic recession,
probably lagging behind the economic indicators by a year
or so, both on the way down and on the way up. The carrot of
future products and sales may well limit the depth of the
R&D recession but turmoil is likely. This will cause many
companies to rethink their overall R&D and innovation
strategies, probably strengthening the open innovation
option growing so popular.

Formal research strategies and budgets for 2009 may show
small increases but early indications are that 2009 and
probably 2010 will likely show contractions in funding of
industrial R&D. In some companies, there have already been
large lay-offs of research staff, resulting from economic
pressure and a realization that money alone will not fill the
product pipeline.

An impending downturn in funding for

industrial R&D

The impending downturn in funding of industrial R&D will
come as something of a‘culture shock; as industrial R&D has
prospered in recent decades in the USA. In 2007, the last year
for which NSF estimates are available, industry funded 67%
of national R&D and performed 72%. A year earlier, the
figures were 65% and 71% respectively. With hindsight, this
appears to be a fluctuation rather than a trend: in 2007, the
ratio of industrial GERD to GDP was 1.88%, compared with
1.85% in 2001; comparable ratios for federal expenditure
were 0.64% and 0.69%, respectively.

United States of America

The overall growth in GERD has far outpaced that for GDP in
real terms for over 50 years, with industrial R&D growing
much faster than federal R&D. For example, in 1953, the non-
federal (mostly industry) GERD/GDP ratio (0.63%) was only
one-third that of 2007 (1.95%). The comparable federal
numbers are 0.73% and 0.71%, a slight decrease over this
long period. Industrial R&D has contributed most of the real
growth in US R&D. This trend demonstrates the increasing
importance of industrial technology in a growing US
economy. Companies have been putting their money where
their mouths are.

eOLIBWY JO S31RIS PaYIuN

A market advantage dependent on‘spending enough’
Technological intensity varies between industries,
companies and countries. It is relatively easy, in principle,
to measure input to the innovation chain, the ultimate
reason companies invest in R&D. Measuring output is
much more difficult, since management, government
policy environments and pure luck play such important
roles. It is probable that market advantage depends on a
company spending ‘enough’ on R&D, according to the
norms of its industry group; beyond that, managerial and
strategic considerations — not to mention luck — appear to
control the outcome.

Measures of technological intensity include the ratio

of R&D to net sales, GERD/GDP ratio, high-tech
manufacturing exports, patents and R&D per employee.
Each of these presents problems. For example, high-tech
products can be manufactured and assembled by
multinational companies in countries with little scientific
infrastructure. Nothing more than a moderately educated
labour force, incentives and good management are
necessary.

Figure 4 shows the US trade balance for high-tech goods.
The swing from a surplus for the USA to a large deficit
over the period from the mid-1990s to the present
occurred in spite of the USA’s lead in technology during
this period. Competitive considerations led to less
expensive offshore manufacturing strategies, with China
being the preferred host country, followed by India.

The GERD/GDP ratio tends to fluctuate in the USA between
2.5% and 3%, depending on the relative growth of R&D
and GDP. Most large industrialized countries have similar
ratios. The ratio for non-federal R&D has steadily increased
since 1953, from about 0.7% to about 2%, a healthy
indicator of the technological intensity of industry.
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Figure 4: Trade balance for high-tech goods in the USA, 1995-2008
Other countries and regions are given for comparison
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Source: National Science Board (2010) Science and Engineering Indicators

Table 3: Funding of industrial R&D in the USA by major industry, 2003, 2005 and 2007
USS millions

AllR&D Federal R&D
2003 2005 2007 2003 2005
All industries 200724 | 226 159 | 269 267 17798 | 21909
Manufacturing industries 120858 | 158 190 (187 477 13133 | 15635
Non-manufacturing industries 79866 | 67969 | 81790 4665 6274
Chemicals 23001 | 42995 | 46329* 307 169
Machinery 6304 8531 9865 80 109
Computers and electronic products 39001 | 48296*| 58599 6506 8 522%
Aerospace products and parts 13205 | 15005 | 18436 5356 4076
Software x 16926 * X 33
Professional/S&T services, including R&D services 27967 | 32021 | 40533 4237 5839

2007
26 585
18170
8415
211*
69
8838
5040

7 608

X = data for 2003 and 2004 have been suppressed by the source to prevent disclosure of confidential information.
* data are for 2006 because the data for 2005 or 2007 have been suppressed by the source to prevent disclosure of confidential information.
If no data at all are given, this means the data for 2006 have also been suppressed.

Source: National Science Board (2010) Science and Engineering Indicators
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One commonly used measure is the R&D/net sales ratio. This
ratio in the USA currently hovers around 3.7% for those
companies doing R&D (Table 3). There is a huge difference in
this ratio from one industry to another, with the R&D/net
sales ratio for software and Internet being 10 times that of
chemicals and energy. Within particular industries, large
companies tend to have higher ratios than small ones.

Multinational companies

Multinational companies are among the largest investors in
R&D (Table 4). Of the 19 that spend more that US$4 billion on
R&D annually, seven are headquartered in the USA (namely,
Microsoft, Pfizer, Ford, General Motors, IBM, Johnson and
Johnson, and Intel, whose total R&D expenditure in 2004
totalled US$45.1 billion), four in Japan, three in Germany, two
in Switzerland and one each in Finland, the Republic of Korea
and the UK. The R&D/net sales ratio for larger multinational
companies tends to be higher than that for smaller (though
still large) companies, replicating the distribution pattern for
US companies.

US multinationals comprise US parent companies and their
foreign affiliates. Like most multinationals, US multinationals
conduct research in many of the countries in which they do
business. The reasons for this often relate to designing
products and services for local markets or adapting them to

Company R&D Company R&D/
sales ratio (%)

2003 2005 2007 2003 2005 2007
182926 | 204 250 | 242682 3.2 33 3.5
107 725 | 142555 [ 169 307 3.1 3.6 3.7
75201 | 61695 | 73375 33 2.0 0.9
22693 | 42826 | 55319 5.6 6.9 79
6224 8422 9796 4.2 3.6 3.7
32495 | 42463 | 49760 9.3 9.0 8.4
7849 | 10928 | 13397 3.5 4.8 5.1
15095 | 16893 | 19634 234 21.9 19.6
23730 | 26181 | 32924 10.2 10.0 9.5

United States of America

local markets. Over the past decade, about 85% of the
combined global R&D expenditure by US multinationals has
been spent at home. Foreign affiliates'R&D expenditure grew
at a faster rate than US parents and the share of foreign
affiliates’ R&D expenditure within US multinationals rose
one-third. Perhaps more important are changes in the
geographical distribution of this expenditure (Figure 5).

Trends in technology trade

The balance of trade in technology is one measure that has
been receiving substantial attention in recent years. Trade in
technology’ means trade in intellectual property measured
by the payment of royalties and licensing fees. Figure 6
shows the continuing strength of the USA by this measure.
The USA maintains an impressive trade surplus in intellectual
property. Not all of this trade in intellectual property is
‘technology’in the usual sense of understanding by scientists
and engineers, and the majority of the trade takes place
between affiliated companies. It does, however, provide a
stable and somewhat intellectually defendable marker for
national technological strength over time.
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The services sector has grown faster than manufacturing for
at least two decades and is driving economic activity around
the world. The World Bank estimates that services accounted
for 56% of the global economy in 1980 as opposed to 68%
in 2003. Knowledge-intensive services are both high-tech-
oriented and market-oriented. They more than doubled
from 1986 to 2005, from US$4.5 trillion to US$11.5 trillion in
constant dollars, growing at an inflation-adjusted rate of 4.8%,
compared with 2.7% for other services during this period.

Service-sector R&D has also grown rapidly. Although this
growth is impressive, the manufacturing sector is still more
technologically intensive than the services sector.

An R&D crisis in‘big pharma’

The large pharmaceutical companies, almost all of which are
multinational, have been among the biggest spenders on
R&D. In response to these large infusions of research funding,
they have in the past produced a steady stream of
‘blockbuster’ drugs. By keeping a stream of new
pharmaceuticals in the pipeline, they have assured investors
of greater profits, in spite of the very large investments
required in clinical trials and other costs incurred in bringing
new products to market.

In recent years, this business plan appears to have ceased
working effectively. The money has continued to pour into
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Figure 5: Regional shares of R&D performed abroad by foreign affiliates of US multinationals, 1994-2004 (%)
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Science and Engineering Indicators 2008

R&D but the new blockbusters have not come out the
other end. This came to a head in early 2009 when the
drug-maker Pfizer laid off 800 researchers. This admission
that results had not kept up with the billions of R&D
dollars being invested sent shivers through the industry
and the wider biomedical research community.

The case of the rising pharmaceutical industry in India
provides an interesting contrast (see page 368). Biocon, a
leading Indian pharmaceutical company headquartered
in Bangalore, has yet to produce a product with its label
for sale anywhere in the world - even in India - although
it may soon market a drug for treating diabetes which
can be administered orally. Rather, the company has
developed critical enzymes that it sells or licenses to
large pharmaceutical concerns. Biocon also arranges, in
India, for clinical trials of new drugs and has received
approval to do so from the US Food and Drug
Administration.

OTHER FUNDERS AND PERFORMERS

Uncertain times for state funding of university
research

The approximately US$ 18.0 billion (4.9%) of total US
GERD not generated in 2006 by either industry or the
federal government was accounted for mainly by colleges
and universities from their own funds (US$ 9.9 billion) and
non-profit organizations other than colleges and
universities (US$ 8.1 billion).

By far the largest fraction of the research funds expended
by colleges and universities from their own funds in 2006
came from either directed grants from state governments
or from general funds allocated from those same sources.
State government budgets suffered considerably because
of the economic downturn starting in December 2007.
Unlike the federal government, many states cannot run
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Figure 6: US trade receipts and payments for intellectual property, 1989-2005
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deficits, as they are obliged to balance their budgets from
year to year. One result has been that state support for
education at all levels has been subject to often severe
budget cuts. In the case of state universities, these cuts
involve their research as well as their instructional
budgets. State governments provide negligible support to
private universities.

States differ considerably in terms of the amount of R&D
performed within their borders by universities, industry
and federal government facilities, including FFRDCs.
Virtually all of these activities are funded by industry or by
the federal government. In 2005, 59% of total US R&D was
performed in 10 of the country’s 50 states. California alone
accounted for approximately one-fifth of all US R&D that
year. Federal R&D accounted for 85% of R&D in New
Mexico, the state in which the two largest FFRDCs in terms
of performance are located: the Los Alamos National
Laboratory and the Sandia National Laboratory.

44

Non-profit bodies leaning towards basic and

applied research

In 2006, non-profit institutions other than universities and
colleges invested approximately US$8.1 billion in R&D, with
virtually the entire amount being devoted to basic and
applied research rather than development. Between 1986
and 2005, R&D funding from the academic and non-profit
sectors grew at an annual rate of almost 6%, greater than
that of either the industrial or federal sectors, although it
declined slightly between 2005 and 2006.

Non-profit organizations in the USA both fund and
perform research, although typically each such body
emphasizes one or the other of these functions. Non-
profit organizations depend heavily upon endowments,
which contracted considerably with the economic
downturn that became apparent during 2008. This has
obliged non-profit organizations to reduce the level of
their activities for the duration of the crisis.



Two examples of non-profit organizations are the Carnegie
Institution and the Howard Hughes Medical Institute.

We shall not dwell on the former, as it has already been
profiled in the UNESCO Science Report 2005. We could say
a few words about the Howard Hughes Medical Institute,
though. It was founded in 1953 by the aviator and
industrialist of the same name. The institute is
headquartered in Chevy Chase in the State of Maryland
and has an endowment of US$18.7 billion. It typically
commits almost US$700 million per year to biomedical
research through a competitive grants programme.
Currently, its 300 investigators are located in

64 universities, research institutes, medical schools and
affiliated hospitals. The institute also distributes more
than US$80 million annually for science education.

TRENDS IN THE UNIVERSITY SYSTEM

Since the end of the Second World War, US universities
have moved from the periphery of the nation’s research
system to a position at its vital centre. Although, in 2006,
they performed only about 14% of national R&D in dollar
terms, they performed 57% of the country’s basic research.
This function has become increasingly important as
industry has largely abandoned in-house basic research in
favour of more focused, short-term applied R&D offering a
more rapid return on investment (Box 2 and Figure 7).

Between 1995 and 2002, the number of patents granted

to universities increased substantially, as did the royalty
income derived from licensing those patents. Patents peaked
at just under 3 300 in 2002 before declining to about 2 700 in
2005. However, the median net royalties from university-held
patents grew from approximately US$600 000 in 2002 to
over US$900 000 in 2005. Even though these amounts are
small compared to the total US$47.8 billion in R&D
performed by universities in 2006, these data indicate that an
increasing fraction of university research is potentially
available for exploitation by industry. At the same time,
universities are at least equally important as the source of
new generations of scientists and engineers. Some critics
contend that they may be neglecting their teaching
function in favour of research, particularly in disciplines that
have a reasonable potential for commercial development.

When university-industry research partnerships emerged
during the late 1970s, considerable concern was expressed
that universities could become 'job shops' for industry.

United States of America

These concerns have not materialized, although a few
lesser universities may have followed this course. Disputes
between universities and industrial partners over the
shares of income derived from their research
collaborations are rare, primarily because contracts
detailing these and other essential matters are negotiated
in advance.

One area where concern does seem to be growing in the
USA, especially among journal publishers, is the risk of a
conflict of interest between scientific researchers and private
industry affecting the results of some research (Box 3).
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The essential role of research universities

The bulk of academic research and advanced teaching at
graduate level are carried out by a relatively small number
of US universities. According to the Carnegie Foundation
for the Advancement of Teaching, there are currently
approximately 3 400 degree-granting institutions in the
USA serving approximately 14.5 million students. Among
these, 127 are classified as research universities by the
foundation, defined as being institutions that offer a full
range of baccalaureate and graduate programmes and
obtain more than US$15.5 million annually in federal
grants. Ranked in order of their R&D performance, the
top 100 US universities account for 80% of all such
expenditure and the top 200 for 96%.

The impact of the economic recession on universities
In 2006, the total budget for university R&D amounted

to US$47.8 billion. The federal government financed two-
thirds of this and industry a little less than one-fifth.

The great majority of university R&D was devoted to

basic research (Figure 8).

The economic recession has had an impact on all US
institutions of higher education, research universities
included. Private universities depend on income from
their endowments to support both their research and
instructional activities. The value of these endowments,
and therefore the income from them, have decreased
markedly since 2007. For example, the income on
endowments of Harvard and Yale have decreased by
approximately 25%, or approximately US$50 million,
obliging these universities to cut back on their research
and teaching programmes.

Typically, the research of new faculty members is supported
for up to two years by their universities until they succeed in

45



UNESCO SCIENCE REPORT 2010

Box 2: Basic research: a cornerstone of US science policy for 65 years

Support for basic research has been a
cornerstone of US science policy ever
since 1945, when Vannevar Bush
presented his influential report,
entitled Science — the Endless Frontier, to
President Harry Truman. In his report,
Bush argued that the federal
government not only had the
authority but also the obligation to
support research — particularly basic
research — in universities and other
non-profit organizations.

The importance of federal
investment in basic research has long
ceased to be a politically contentious
issue. Federal investment in basic
research has been supported by both
the Republican and Democratic
presidential administrations for
decades. Both political parties in

Congress have upheld this position, the
only issues in dispute being the level of
support and its distribution among
agencies, programmes and disciplines.
Some disagreements among the two
parties have also arisen over the
appropriateness of federal support for
some pre-competitive R&D in industry.
This disagreement concerns R&D that
lies on the boundary between research
and commercial development,
resulting in what are sometimes called
‘generic or enabling technologies; such
as combustion and corrosion. There are
also serious disagreements about a
proposal to build a space base on the
Moon or to undertake an inhabited
mission to Mars.

Prior to the Second World War, the
federal government provided almost

no support for basic research in
universities and performed little or no
basic research in its own laboratories.
Research in private universities was
supported from their endowments
and by private companies and
philanthropic organizations. Research
in state universities was also supported,
in part, by the governments of their
respective states. Thanks in large
measure to the arguments presented
in Science — the Endless Frontier, this
situation began to change so that, by
1953, the first year in which consistent
data were gathered, the federal
government became —and has
remained ever since — the principal
supporter of basic research (Figure 7).

Source: authors

Figure 7: Basic research in the USA by performing sector and source of funds, 2007 (%)
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Figure 8: University R&D in the USA by type of research and source of funds, 2006 (%)
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Source: National Science Foundation

winning external research grants. But universities can no
longer afford to be quite so generous. Innovative instructional
programmes are also being scaled back, as are funds for
undergraduate scholarships. In the case of state universities,
significant budget reductions have been the order of the day
for their institutions of higher learning, with the effects of
such cutbacks being comparable to the reduced endowment
income of private universities, as state governments struggle
to balance their budgets — unlike the federal government,
state governments must balance their budgets annually.

Although state universities, like private universities,
support the large majority of their research on federal
grants and, to a lesser extent, on grants from non-profit
organizations, they also depend heavily upon state
government appropriations. State governments
themselves are suffering from a sheer drop in revenue
receipts from unemployed and underemployed residents
who are now paying less income tax than previously.

Some of these austerity measures may be offset by
additional federal funding from the very large federal
economic stimulus programme.

Growing competition for research universities

By several yardsticks, US research universities qualify as
the world’s best in science and engineering, taken
collectively. For example, in 2006, approximately 44% of

Basic research

7.0

Industry Federal

government
19.0

Universities

the approximately 890 000 S&T articles published in
journals around the world listed by Thomson Reuters,
source of the Science Citation Index (SCI), involved at least
one US author. Of the latter, 74% were from academia.

US research universities remain the destination of choice
for many foreign graduate students. Since 2003, the
Shanghai Jiao Tong University’s Institute of Higher
Education has ranked the world’s top 500 universities in
terms of the quality of their teaching and research.
American universities have consistently dominated the
upper tier of these annual rankings since they were first
published. Of the top 25 institutions ranked in 2008,

19 were American. The others were the Universities of
Cambridge (4t), Oxford (10%), Tokyo (19t) and Kyoto (23™),
as well as the Swiss Federal Institute and Toronto
University, which tied for 24™ place.

That a Chinese organization should have decided to carry out
exhaustive periodic surveys to rank the world’s leading
universities may itself suggest that Chinese universities intend
to become internationally competitive. One possible indicator
of this intention is that Tsinghua University in Beijing seems to
have reached its goal of offering 50% of all its graduate
courses in English by 2008. Not only does this reflect the
university’s desire to guarantee that its doctoral recipients are
proficient in English; it also signals Tsinghua's intention of
attracting significant numbers of foreign students.
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Box 3: Growing concern about conflict of interest in scientific journals

Academic institutions in many
countries have responded to
declining public funding in recent
years by developing research
collaborations with private industry.
This has helped to boost the revenue
of universities and given a more
commercial flavour to academic
research conducted within these
public—private partnerships.

The publishers of some scientific
and medical journals in the USA are
becoming increasingly concerned,
however, that ‘the conduct of science
can be influenced by biases introduced
by conflicts of interest between
scientific investigators and private
industry’ (Goozner et al, 2009).

‘One consequence of these
proliferating industry—academic
collaborations, observes the Associate
Editor-in-Chief of the US journal
Addiction, Thomas Babor of the
University of Connecticut Health
Center,'has been the creation of real
as well as apparent conflicts of
interest, particularly in the case of
‘dangerous consumption industries,”
such as alcohol, tobacco and
gambling' (Babor, 2009).

‘Conflicts of interest have also been
prominent in cases where financial
interests have compromised patient
care, he says, such‘as when the
negative side effects of experimental
drugs become known only after they
have been rushed to market without
appropriate scientific evaluation, or
when the outcomes of positive trials
are published selectively, as with the
selective serotonin re-uptake inhibitor
antidepressants in the USA, described
by Kirsch et al. (2008).

Even in cases where the author of
a research paper discloses the identity
of his or her sponsor in the journal, this
can be misleading. In one instance, a
scientist writing about her research in
relation to addiction to gambling duly
identified her sponsor as being a
research centre within a respected US
university. It turned out that the centre
was funded by a private foundation
which was itself funded by ... casinos
in the country’s gambling capital, the
city of Las Vegas!

Goozner et al. (2009) propose
model guidelines for scientific and
medical journals to adopt to ensure
the disclosure of conflict of interest

by authors writing in their journals.
They write that ‘organizations are
paying greater attention to conflict of
interest disclosure'in the context of
redefining the rules of engagement
between academic investigators and
private industry. The need for
common standards in defining
conflicts of interest has never been
greater, they add.

According to Babor, the common
standard ‘should apply to the complex
and growing financial arrangements
that have developed in recent years
between vested interests and
independent scientists. It should also
apply to situations where a particular
author has strong non-financial
interests that the reader of his or her
scholarly work should want to know
about in order to judge the meaning
and value of a particular publication.
Finally, the policy should be
consistent across journals in a field
of study in order to prevent some
authors and their sponsors from
gaming the system!

Source: Babor (2009); Goozner et al. (2009)

Despite their high quality, US research universities face
growing international competition. In 2002, the USA
produced 30.9% of the world’s articles in science and
engineering, authorship being dominated by academia.
This compared with a neat 10.0% for Japan and 84.0% for
all OECD countries. Comparable percentages for 2008
were 27.7%, 7.6% and 76.4%. China exhibited the most
striking increase in its share of the world’s natural science
and engineering articles, rising from 5.2% in 2002 to
10.6% in 2008 (see page 10).

A growing fragmentation of research universities
One problem facing US research universities is a
consequence of their phenomenal success. As research
has advanced, it has become increasingly specialized.
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Consequently, many university departments whose
faculties conducted research in a number of sub-
specialties have fragmented into independent
departments, each devoted to one of these sub-
specialties. This is perceived by many as being
problematic, since it dilutes the fundamental role of
research universities as institutions for the discovery and
transmission of fundamental knowledge. Moreover, many
universities that were once primarily institutions within a
core college of arts and sciences plus a few professional
schools, such as law and medicine, now include less
‘academic’schools devoted to what are considered more
‘practical’ curricula such as finance and marketing. While
in itself, this may not be a problem, it has led to further
fragmentation of research universities.



United States of America

A resistant glass ceiling

For the past three decades, the National Science Foundation
(NSF) and other federal agencies have mounted major
programmes in concert with professional science and

Figure 9: Share of doctorates awarded to female US
citizens, 1985, 1995 and 2005 (%)

. . i . . 2005
engineering societies to convince more women and ethnic 1995
minorities to seek careers in science and engineering. W 1985

59.1 60.3

However, there is indisputable evidence that many of
these talented female and ethnic minority PhDs continue
to encounter the proverbial ‘glass ceiling’ as they attempt
to advance in the conservative, slow-to-change academic
hierarchy (Figures 9 and 10).
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A vulnerable university environment
A problem unique to research universities supported by state
governments, as opposed to private universities, is the
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university, their successors —faced with budget deficits — may

Figure 10: Doctorates awarded to US citizens in science and engineering, by ethnic minority, 1985-2005
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Source: National Science Board (2008) Science and Engineering Indicators. National Science Foundation, Division of Science Resources Statistics, Survey of
Earned Doctorates, WebCASPAR database: http://webcaspar.nsf.gov. See appendix table 2-32.
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decide that sharp reductions in university budgets can do
little harm in the short run. They fail to understand that
reconstituting a diminished educational institution takes
many years to accomplish. This problem has become
increasingly apparent during the current economic
recession.

Although many, if not most, individual faculty are
economic and political liberals — at least with the money
of others! -research universities in the USA are
fundamentally conservative institutions. When they do
change, they most often do so slowly and deliberately.
The evolution of American colleges into research
universities proceeded slowly following the American Civil
War (1861-1865). Only during the past 60 years have
those universities flourished and become the core of the
country’s S&T system. Clearly, US research universities
cannot afford to rest on their laurels or assume that the
public understands and appreciates the essential role they
play in the furtherance of society’s fundamental goals.
The quality of the research and teaching provided by East
Asian universities has been rapidly improving in the past
few years. Chinese universities in particular aspire to
compete with universities throughout the world and
above all those in the USA — and could do so with
considerable success.

HUMAN RESOURCES in S&T

Characteristics of the labour force

Estimates of the size of the US science and engineering
(S&E) labour force vary depending on which criteria are
used to define who is a scientist or engineer: education,
occupation, field of degree, field of employment and so
on. In 2006, 17.0 million individuals had at least one
degree in afield of science or engineering, a figure that
climbed to 21.4 million if one added related fields such as
health or technology.

In 2004, approximately 15 530 individuals reported they
had received a science or engineering degree at the
bachelor’s or higher level during the previous year.
Among these, approximately 5 120 (33%) were
employed directly as engineers or in scientific
occupations, whereas the remainder (approximately

10 400 graduates) were employed in positions not
directly related to science or engineering. Among the
latter, two-thirds said that their positions were at least
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somewhat related to their degrees, including many in
management, marketing and sales.

In 2003, 59% of all degree-holders in a scientific field or
engineering were employed in the for-profit sector and
13% by government, with the non-profit sector, four-year
colleges and universities, other educational institutions
and self-employment accounting for the balance. Among
those with doctorates in a scentific field or engineering,
449% were working in four-year colleges and universities,
33% in the for-profit sector and 9% in government.

No sign of a supply crisis in higher education

Figure 11 illustrates the trends in bachelor’s degrees
awarded by US colleges and universities in selected
science and engineering fields over a 20-year period.
Figure 12 shows comparable trends for doctoral degrees
awarded during the same period.

Although concerns have been voiced for well over a decade
now that too few US undergraduate students are choosing
to specialize in S&T fields, a major ‘supply crisis’ has yet to
materialize. One possible legitimate ground for these
concerns used to be that the university-age cohort in the
US population was steadily declining. However, that trend
has recently reversed. Enrollment in US institutions of
higher education rose from 12.7 million in 1986 to

16.9 million in 2004. The number of individuals aged

20-24 years in the US population is expected to keep rising
through 2050. However, the demographic composition of
this population is expected to change, with the rise in
enrollment projected to come mainly from minority groups,
particularly Asians and Hispanics. The dual challenge will be
to ensure that the percentage of students who elect to
specialize in S&T fields remains at least constant and that
the education they receive fulfils the employment
requirements for at least the first half of the 21 century.

Among the 16.9 million students attending US colleges
and universities in 2004, approximately 583 000 (3.5%)
were enrolled in science and engineering programmes,
defined as involving traditional disciplinary or
interdisciplinary studies. The number of bachelor’s and
master’s degrees awarded by US colleges and universities
in science and engineering fields reached new heights in
2005 of approximately 466 000 and 120 000 respectively.
All but computer science experienced increases; however,
in the latter field, the number of bachelor’s degrees had
already increased sharply from 1998 to 2004 before
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Figure 11: Bachelor’s degrees earned in selected S&T fields, 1985-2005
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Science and Engineering Indicators 2008

declining in 2005. The number of doctoral degrees
awarded by US institutions of higher education also
reached a new peak of almost 30 000 in 2005, the strongest
growth being in engineering and in the biological and
agricultural sciences. Virtually all of the growth in
doctorates reflected higher numbers of temporary visa
holders. These students earned 10 800 (36%) of the
doctorates awarded in science and engineering in the
USA in 2005, compared with 5 000 (21%) in 1985.

Foreign students most numerous in

PhD programmes

Foreign students on temporary visas earn a larger
proportion of their degrees at the doctoral level than at
any other level. In 2005, students in this category earned

50% or more of all doctoral degrees awarded in the USA
in mathematics, computer sciences, physics and
engineering. Proportions were considerably lower in other
scientific fields: just 26% in the biological sciences, for
example, and 22% in medical sciences and other life
sciences. Between 1985 and 2005, all but two of the top
10 countries sending doctoral candidates in science and
engineering to the USA were in Asia, with Canada and
Mexico being the two exceptions. During this 20-year
period, students from China, Chinese Taipei, India and the
Republic of Korea earned more than half of all doctorates
in S&T fields awarded in the USA to students from foreign
countries. In 2005, 3500 of these doctorates went to
Chinese nationals, followed by 1 250 Indians and an
approximately equal number of Koreans.
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Figure 12: Doctoral degrees earned in the USA in selected S&T fields, 1985-2005
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Between 1985 and 2004, the number of doctoral
degrees awarded by Chinese universities rose from close
to zero to approximately 14 000, compared to the slightly
more than 20 000 awarded in the USA. This means that
China has now become the world’s second-largest
producer of PhDs in science and engineering, followed
by Germany, the UK, Japan and the Republic of Korea.
This trend reflects the growing quality of graduate
education in China’s universities. Enrollment in
engineering has grown less rapidly than in other fields,
however, reflecting burgeoning opportunities in
business, education and law. In 1994, 46% of bachelor’s
degrees were in engineering. By 2004, that proportion
had dropped to 37%.

Foreign enrollment in US graduate schools continues to be
substantial, particularly as concerns Asian students. In 2005,
foreign students who had passed their university entrance
exam for the bachelor’s degree outside the USA accounted
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for 60% of all students enrolled in PhD programmes in
engineering at American universities, 38% of those enrolled
in natural sciences and 21% of those enrolled in the
behavioural and social sciences. France and the UK
continue to compete with the USA for foreign students and,
in recent years, Australia and Japan have joined the fray,
with relative success in attracting students from Asia.

Of the approximately 3.4 million immigrant scientists and
engineers now working in the USA, approximately 30%
originally came to study. In 2005, somewhat more than
70% had plans to stay once they completed their degree
and 50% had firm offers of employment. Between 2002
and 2005, more than 90% of Chinese recipients of a US
doctorate in science or engineering reported plans to stay
in the USA and 60% that they had accepted firm offers for
employment or postdoctoral research positions. The
figures for Indian recipients of a US doctorate were similar:
88% and 63%.


http://webcaspar.nsf.gov

CHANGING TOOLS IN R&D
MANAGEMENT

Deciding on the amount and distribution of R&D funds,
be it in government or industry, is the easy part of
management. Measuring output is much harder but
even that is not as hard as ensuring an adequate
output. To be successful in managing R&D, you need the
right tools and the ability to apply these deftly.

If you are in government, you are going to use very
different R&D management tools from those used in
industrial R&D. Whereas the former seeks a maximum
social return, the latter is looking for a maximum
(mainly short-term) economic return on investment for
stockholders or other owners. Accountability is thus
not the same in government and industry. This is made
more complex by the difficulty in measuring return on
anything other than very short-term development
efforts.

New government tools

The US government has recognized the difficulty in
measuring the effectiveness of government investment
in basic research and both mathematics and science
education. Some years ago, in the midst of efforts to
hold federal agencies more accountable for their
expenditure, the Government Performance and Results
Act of 1993 (GPRA) was enacted. Applying this to basic
research programmes, such as those supported by the
NSF, proved extremely challenging. The result was the
development of a measurement metric quite different
from the usual GPRA approach and the establishment in
2002 of an NSF Advisory Committee for GPRA
Performance Assessment. This committee provides
advice and recommendations to the NSF director
regarding NSF’s performance under the GPRA.

The GPRA as applied to the NSF focuses on
demonstrating significant achievement for four long-
term qualitative and strategic goals. These are: discovery;
learning; research infrastructure; and stewardship.
Admittedly, it is very difficult to quantify progress
towards these broad goals.

The committee’s report of 31 July 2008 commends NSF
for meeting its goals and for implementing some of the
committee’s recommendations from the previous year.
In this review, the committee randomly selected
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‘highlights’ NSF submitted from its programme which
were evaluated against stated criteria. The bottom line is
that, over time, this evaluative process has been effective
in assessing and improving the quality of the NSF
research portfolio.

New tools for industrial R&D

Industrial R&D marches to a very different drummer.

As noted above, the time-frame is much more immediate.
This is true for several reasons. For one thing, the discount
rate means that results recognized in the medium to long
term are worth less than short-term results. Another is that
intellectual property is more difficult to define and protect
as one moves further into the future. One characteristic
common to both industrial and government-supported
research is the need for excellent human resources. Good
people are indeed necessary but not a sufficient condition
for success in R&D.
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Industrial R&D managers use a variety of tools to
maximize the return on R&D investment. These tools
include recruiting and retaining excellent staff who are
team players, recognizing the importance of intellectual
property and being amenable to rapid changes in order
to meet customer needs and adapt to new technology
platforms and organizational realignments.

Obtaining knowledge required for the development
of new products and processes is a key objective of
companies. The classic ‘make or buy’ options are now
more complex.

Knowledge feeds the innovation process. Although
the best knowledge (technology in many cases) may
be available, it may not be enough in itself to spur
innovation. Innovation requires vision, acceptance of
new ideas, risk-taking and an understanding of
markets. It often involves teams of scientists, engineers
and marketers and the ability to support networks
within the organization or company that utilizes a
common language understood by scientists and sales
personnel alike.

How have things changed? Charles Larson, president-
emeritus of the Industrial Research Institute, recently
compared effectiveness of industrial R&D now and

10 years ago. He concluded that things had not
changed as much as expected. Researchers are more
business-oriented today but are not taking more risks.
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Technology intelligence, although important, is less so
than projected a decade ago. Information technology
has had less of an impact than expected. Teams are the
norm. Management remains a challenge and the
innovation system is not yet integrated adequately in
many, if not most, companies.

‘Spend wisely’ for R&D effectiveness

A raft of studies over several decades have indicated
that greater R&D spending results in better sales and
profit margins. The market has translated this
indication into higher stock prices for the benefit of
the company’s stockholders. In his 1987 Nobel Prize
Lecture, economist Robert Solow alluded to the
‘growth accounting’ work of the late Edward Denison.
Solow stated that ‘gross output per hour of work in the
US economy doubled between 1909 and 1949; and
some seven-eighths of that increase could be
attributed to “technical change in the broadest
sense”... [lIn the thirty years since then ... [t]he main
refinement has been to unpack “technical progress in
the broadest sense” into a number of constituents of
which various human-capital variables and
“technological change in the narrow sense” are the
most important. ... 34 % of recorded growth is
credited to “the growth of knowledge” or
“technological progress in the narrow sense”

Over the last generation, companies have changed
their approach to R&D. Time horizons have been
shortened. Intellectual property is vigorously
protected. Knowledge needed for innovation is
obtained in the cheapest way possible.

Some analyses in recent years have found little or no
correlation between R&D spending, on the one hand,
and the growth in sales, earnings or shareholder returns
for the company on the other. These results imply that
just putting more money into R&D does not ensure an
economic advantage. These same studies show that
companies which ‘under-spend’ by investing
substantially less in R&D than their competitors do
poorly. The answer to this conundrum appears to be
‘spend wisely’. This means using all R&D management
tools available in the toolbox and using them cleverly.
This is a tall order. Companies, at least before the
current recession, tended to ignore these correlations
and were tempted merely to accelerate their spending
on R&D in an effort to become more competitive.
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INTERNATIONAL SCIENTIFIC
CO-OPERATION — AND COMPETITION

On a global scale, we are seeing both growing
co-operation and competition in R&D. This holds true for
industry but also for academia and government research
installations. The importance of international co-operation
for science throughout the world was emphasized at the
Fourth World Science Forum in Budapest, Hungary, on

10 November 2009, also World Science Day.

International co-authorship

International co-operation has long been regarded as an
essential aspect of non-proprietary research, particularly
when it comes to basic research. The rise of the Internet
has galvanized co-operation in cross-border academic
research, especially that between individual investigators
and their institutions. In 2005, approximately 27% of SCI
papers published by scientists and engineers working in
US institutions had at least one co-author from a non-US
institution, compared with approximately 17% in 1995.
This varied among scientific disciplines. For example, in
astronomy, 58% of all US papers had foreign co-authors in
2005, compared with 42% in 1995; the share of
co-authored papers in physics was 38% in 2005, up from
28% in 1995, whereas 33% of those in the geosciences
were co-authored in 2005, up from 28% in 1995.

Trends in co-operation in small science and
megascience

The past decade has seen an atrophy of formal,
government-to-government research co-operation
protocols and an increase in projects between individuals.
Today, the role of governments in small science is to
provide a policy framework that encourages such
co-operation, including the provision of financial support.
The Internet has served as an enabler of this dispersed
co-operation. Without the speed and ease of
communication and the virtually unlimited data available
on the web, co-operation in small science would be a
much more modest affair. This burgeoning collaboration is
reflected in the scientific literature.

Megascience projects predominantly concern basic
research involving very expensive central facilities or
large, distributed research programmes spread over many
geographical locations. Megascience projects are often
too costly for any one country to fund and execute.



They need greater involvement by governments and the
institutions of organized science. The USA took the lead in
establishing the OECD Megascience Forum in 1992, now
the OECD Global Science Forum.

Like Japan, the USA also supports the European-led Large
Hadron Collider (LHC) at the European Organization for
Nuclear Research (CERN) in Geneva, Switzerland, where
collisions between protons and anti-protons at higher
energies than ever achieved before will permit the recreation
of conditions prevailing in the early Universe. After the LHC
came through its first operational tests with flying colours in
September 2008, it was anticipated that experiments could
begin by mid-2009. However, an unfortunate malfunction of
one of its critical elements threatened to delay this promising
début. The LHC was repaired, however, and restarted in
November 2009.

The USA is also a participant in the International
Thermonuclear Experimental Reactor (ITER) now under
construction in the south of France (see page 158). ITER is
the largest, most ambitious international collaborative
scientific project ever conceived and implemented.
Unfortunately, due to inaction by Congress, the USA was
unable to meet its commitment to the project in 2008.
Whereas many other countries make multi-year
commitments to co-operative projects, US commitments
are often held hostage to the country’s annual budget
process. This shortcoming in the US policy framework is
long-standing and may be insoluble.

Research alliances, outsourcing and offshoring
Industrial R&D continues its drive for greater efficiency. This
means quicker results that are closer-coupled to business
strategy. Hundreds of new alliances in technology or research
are formed each year by companies in areas such as
information technology (IT), biotechnology, advanced
materials and automotive technology. Not surprisingly, the
majority of such alliances involve companies headquartered
in the USA, Western Europe and Japan. It is not uncommon
for companies to co-operate closely in developing
technology in one line of business or in one geographical
market, while competing fiercely with another. The common
goal is to develop technology-intensive products at minimum
cost while preserving a market advantage wherever possible.

Alliances, partnerships and outsourcing have become
more common with other companies, offshore R&D
centres, federal laboratories and universities.
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These partnerships are not limited to peers; they
increasingly involve customers, to ensure the products
developed are what customers want. Accessing, co-
ordinating and moving this knowledge results in
investments in [T.

Perhaps the strongest trend in R&D management
relates to ‘open innovation’ ‘Open innovation’ has come
to encompass all sorts of outsourcing and co-operative
activities with government laboratories, universities and
other companies. Progress is being made thanks to
smarter R&D strategies but the target continues to be
elusive in the face of relentless global competition.
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Open innovation means that companies have evolved
from a stance of ‘making’ the technology they use to
‘buying’ large portions of it. Shorter product cycles
dictated by changing markets demand that innovations
adhere to shorter timelines. The results of these changes
have dramatically impacted the ways companies obtain
technology. These changes include more outsourcing of
R&D, licensing technology from other companies and
universities, greater use of consortia and alliances for
pre-competitive and other research, outsourcing
fundamental research to universities and contracts with
federal laboratories. These trends reflect attempts to
invest innovation resources in a smarter way.

In part because S&T is correctly perceived to be a
significant prerequisite for socio-economic
development, competition among companies
headquartered in different countries has become
intense. Many US-based companies have moved critical
components of their operations to other countries
where trained human resources can be obtained more
cheaply. This has created considerable controversy in
the USA because of the implications for employment.

However, companies also recognize that, in order to
succeed, they need to become integral to what
Auerswald and Branscomb (2008) have referred to as the
‘globally networked enterprise’in an article published in
Technology in Society. To this end, companies in several
industries, most prominently IT and pharmaceuticals, have
established R&D centres in several countries. The most
prominent of these — located primarily in China and India -
do more than simply conduct R&D to adapt companies’
products to local markets. Rather, their R&D aims to
develop new products that can be marketed worldwide.

55



UNESCO SCIENCE REPORT 2010

Comparing S&T quality and quantity internationally
Earlier sections of the present chapter referred to
international comparisons of the quantity and quality of
R&D and R&D institutions. Here, we shall summarize some
of these rankings:

The USA has invested more in GERD than all the other G7
countries combined for more than a decade. In 2006, its
share of all such G7 expenditure was 53% of the total.

For several years, the US GERD/GDP ratio among the
G7 countries has been second only to Japan’s. In 2007,
the respective ratios for Japan, the USA, Germany,
France and the UK were 3.4%, 2.7% 2.5%, 2.0% and
1.8%.

The European Union is the favoured destination for
R&D shares by foreign affiliates of multinational
corporations, accounting for 66% in 2006, well ahead
of Canada (10%) and Japan (6%).

The US trade volume in intellectual property is by far
the world’s largest, accounting for 70% of the world
total in 2006.

The number of triadic patent applications? filed by
inventors in the USA in 2003 acounted for
approximately 37% of all 54 000 triadic patents filed in
that year, up from 35% in 2000. In 2003, inventors in
the European Union filed 28% of such applications,
down from 30% in 2000. Asian (primarily Chinese —
including Taiwanese - Indian and South Korean)
inventors filed 28% of all triadic patent applications in
2003, about the same percentage as in 2000.

In 2005, the percentage of SCI publications with at
least one author from an American institution
exceeded that of the European Union. The USA
accounted for 27% of the total, compared with 26% for
the European Union. The share of publications with at
at least one Asian author increased from 16% in 1995
t0 19% in 2005.

According to the annual surveys conducted by
Shanghai Jiao Tong University, in 2008, 19 of the top-
ranked 25 universities were American (see page 47).

3. Triadic applications refers to applications to the patent offices of the
USA, European Union and Japan.
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In 2004, the USA ranked fourth in terms of its
expenditure on basic research as a fraction of GDP:
0.48%. The USA was preceded by Switzerland (0.84%),
Israel (0.76%) and France (0.52%). Denmark (0.46%) and
the Republic of Korea (0.44%) ranked fifth and sixth
respectively. The highest ranking G7 country in
addition to the USA and France was Japan, which
ranked eleventh at 0.36%.

SCIENCE, TECHNOLOGY AND THE
PUBLIC

A stronginterest in science among the

general public

Periodic surveys commissioned by the National Science
Foundation for almost 30 years indicate strong and
consistent public support for scientific research. For example,
70% of the approximately 2 000 respondents to surveys in
2001 and 2006 agreed that the benefits of scientific research
outweighed harmful results; approximately 80% of those
surveyed during both years agreed that the government
should fund basic research. In 2006, approximately 60% of
those surveyed said that they had visited an informal science
institution, such as a museum or a zoo, during the past year,
a proportion that has remained roughly constant since 1979.
According to data published in Science and Engineering
Indicators 2008, public interest in S&T elsewhere in the world,
including Europe and Japan (but excluding China), is lower
than in the USA.

Although the US public is largely supportive of scientific
research, it generally has relatively poor factual
knowledge about science. In the surveys conducted in
2001 and 2006, the mean of the correct answers to

12 factual questions was approximately 6.5. Factual
knowledge is positively related to the level of formal
schooling, income and the number of courses taken in
science and mathematics in tertiary education. People
who score well on survey questions that test for
information typically learned at school also appear to
know more about nanotechnology and the Earth’s polar
regions, topics that have not been central to the content
of science education in the USA.

Surveys indicate that a reasonable fraction of respondents
do pay attention to, and form definitive attitudes towards,
specific science-related issues. For example, between 2005
and 2007, the percentage of Americans expressing a ‘great



deal’ of worry about ‘the quality of the environment’rose
from 35% to 43%. While there is strong positive support
for research in general, attitudes towards some specific
applications are more problematic. In 2005, two-thirds of
Americans said that they supported ‘the use of products
and processes that involve biotechnology” Similarly, when
surveys ask about medical technologies that are to be
derived from stem cell research in the context of
anticipated health benefits, public response is relatively
positive. But technologies that involve cloning human
embryos elicit strong negative responses.

Confidence in scientists

Despite the fact that only a small minority of the US public
believes it is well-informed about S&T and despite misgivings
about specific research applications, public confidence in the
leadership of the scientific community, including in
medicine, was second only to its confidence in the military in
2006 and considerably greater than its confidence in other
institutions, such as organized labour, major companies and

the executive and legislative branches of the US government.

The only institution whose leadership approached the level
of public confidence enjoyed by science and medicine was
the US Supreme Court.

CONCLUSION

A cloudy future

The future of R&D in the USA is cloudy, more so than in
decades. This is in no small part due to the global economic
recession now upon us. Industrial research and research
supported by states and endowed funds are likely to take a
substantial hit, at least in the short term. They are closely
coupled to the economy and financial markets, both of
which were in a downward spiral in 2009. State universities
are especially vulnerable to cutbacks, which were already
being felt in a majority of the states in 2009.

For the short term, it appears that R&D in the USA
functions like some of the toxic assets so often mentioned
as a root cause of the economic crisis: future valuations
are murky. Any increase in federal funding over the short
term, for reasons noted below, will probably be offset by
decreases in funding by states, foundations and industry,
all deeply wounded by the economic recession.

The 2009 Global R&D Funding Forecast from Battelle and
R&D Magazine was issued in December 2008. The economic
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recession was well-recognized by that time, although it
rapidly worsened in 2009. This forecast, which uses a
variety of data sources, acknowledges the uncertain
economic climate, including slower sales and lower
earnings. In spite of this dark cloud, the forecast is for
about 2% growth in US GERD (PPP) in 2009. Given the
deflationary pressures worldwide, this would probably
translate into 2% or more real growth. We shall see if this
is the real outcome.

As time goes by, the popularity of new and tested
management tools in both the public and private sectors
will increase. In industry ‘open innovation'’strategies appear
to be growing more widespread.‘Better management’
appears to have broad support both in industry and in
government. This is likely to be enhanced by the
government’s deepening role in innovation, including its
more direct funding of ‘generic or enabling technologies.
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Whether these changes and the economic downturn
generally will substantially shift the balance between
public sector and private sector support of R&D remains
to be seen. Federal support of R&D may actually increase
in the short term as part of funding for an economic
stimulus package. Certainly, in the short term, the
balance seems likely to shift towards the public sector in
general and the federal government in particular. The
longer the economic recession lasts, the more likely this
will be the case.

The Obama administration’s plans for stimulating the
economy include billions of dollars for S&T. This American
Recovery and Reinvestment initiative includes both
short-term economic stimuli to jump-start the economy
and a longer-term component that aims to lay the
groundwork for transforming the economy in the 21+
century. Within an overall programme that approaches
one trillion dollars, Transforming our Economy with Science
and Technology aims to ‘put scientists to work looking for
the next great discovery, creating jobs in cutting-edge
technologies and making smart investments that will
help businesses in every community succeed in a global
economy’

The extent to which Congress — and the nation as a
whole — will accept President Obama'’s vision of the
future, particularly during the most severe economic
recession in 70 years, remains to be seen. The future is
both unfathomable and incredibly challenging.
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innovation, it needs to aim for a bigger
role on the world stage.

Paul Dufour




3 - Canada

Paul Dufour

INTRODUCTION

The present chapter describes the evolution over the

past decade of the science and innovation systems of
Canada, a northern nation that has traditionally relied

on its natural resources and geography for socio-economic
progress. We shall examine what Canada has done to
mobilize the international currency of knowledge and

skills for competitive advantage while managing its more
conventional assets in a sustainable and responsible
manner. We shall also point to some longstanding
structural characteristics of the economy that have
contributed to the continued poor performance of
industrial research and development (R&D) and innovation.
By default, the public research sector — and institutions of
higher education in particular — has largely come to be seen
by policy-makers as a surrogate for innovation.

Canada is unquestionably a major player in global science,
with considerable assets. We shall describe some of the
more recent experiments that have made Canada one of
the world’s premier science and research players. We shall
also underscore the current challenges Canada faces in

overcoming the principle weaknesses in its approach to
innovation. This comes at a time when the world is faced
with a severe economic recession. Canada has not been
spared but has perhaps been affected to a lesser extent
than other countries. Thanks to its comparative strengths
- a banking system among the strongest in the world and
a real estate market that has avoided the excesses seen in
other countries — a more rapid recovery is predicted.
Furthermore, core inflation is at its lowest point in over
50 years and commodity income from the country’s
considerable natural resources has helped to mitigate the
negative impact on the economy. As in other countries,
unemployment has risen - it stood at 7.9% nationally as of
June 2010. In recent years, real GDP has grown (Figure 1),
from CANS$ 1.091 trillion in 2004 to CAN$ 1.226 trillion in
2008, with GDP per capita currently at approximately
CANS$ 46 000 per annum. A two-year stimulus package of
CANS 62 billion to 2010/2011 is in place, representing
about 4.2% of GDP, with a deficit projected by the federal
government at around CAN$ 50.2 billion in 2009/2010."

1. InJuly 2009, the Bank of Canada declared that Canada was on the path
to recovery from recession.

Figure 1: Annual growth in GERD and GDP in Canada, 1967-2007 (%)
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Canada is a G8 economy (Figure 2) with a population of
34 million in a North American integrated economy.

An officially French and English bilingual nation, it has an
ageing but highly educated and multi-ethnic population.
Canada covers a huge land mass - second only to the
Russian Federation in size — and is exposed to extreme
climates, straddling as it does the Arctic Circle. Its vast
territory is well connected by sophisticated information
and communication technology (ICT) networks. Also of
note is that Canada has no constitutionally defined
division of labour in relation to science and technology
(S&T), being a federated state which practices power-
sharing among the central government, the ten provinces
and three territories that make up its political landscape.

Canada has a number of structural and cultural
characteristics that mark its approach to science and
innovation. In recent years, basic questions have
emerged as a result of the federal Science and Technology
Strategy released by the minority Conservative Party
government in May 2007 (Government of Canada, 2007).
The strategy’s four principles are: promoting world-class
excellence, focusing on priorities, fostering partnerships
and enhancing accountability. For example, are priority
areas sufficiently focused on future investments? If
Canada wants to compete, how should it do so and on
what basis? How does one assess impact? And what roles
do skills, education, talent and ingenuity play in all of
this? As the central government possesses no Ministry

of Education and no full-time, dedicated Cabinet-level
Minister for Science,? these are indeed critical questions
of national importance, particularly in the context of

the current economic recession, major industrial
restructuring and significant new investments in S&T
and innovation by the US administration (see page 36).
As a result, a national debate has resurfaced on the
potential loss of Canada’s brain power to its neighbour to

the south and on Canada’s future global competitiveness.

Furthermore, a recent report by the government’s
Science, Technology and Innovation Council (STIC) has
noted that, while Canada is a relatively solid performer in
STI, it needs to aim for a bigger role on the world stage.
As the report puts it, ‘'while we have been good, we now
need to be great’ (STIC, 2009).

2. In September 2008, the Conservative government appointed a
Minister of State for Science and Technology reporting to the Minister of
Industry, the first such position since 1990. With this latest appointment,
Canada has had 23 elected politicians with some titled responsibility for
S&T since 1971.
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Figure 2: GERD/GDP ratio for the G8 countries, 2008
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TRENDS IN INNOVATION

The end of a long investment cycle?

Several observers have noted that a country like Canada,
situated immediately to the north of the world’s largest
knowledge superpower, cannot afford to remain
complacent about its own approach to innovation. Over
the dozen years since 1997, federal and provincial
governments have invested a combined amount of well
over CANS 20 billion in R&D (Table 1), much of itin the
academic and medical research sectors but increasingly in
specific targeted areas where Canada and its regions have
a competitive advantage. These areas, notionally defined
by the current federal S&T strategy, include natural
resources and energy, environmental science and
technologies, health and related life sciences and ICTs.
Canada is also a global player in such disciplinary fields as
astronomy and space science, clinical medicine and
genomics, Earth sciences and mathematics (CCA, 2006).
Between 2002 and 2008, the number of Canadian
publications inventoried in the Science Citation Index rose
from 30 305 to 43 539, an increase spread evenly across all
major fields of science (Figure 3).

In terms of overall refereed journal publications, Canada
ranks sixth in the world (Figure 4). Some 60% of Canadian
scientific papers are co-authored with the country’s
largest scientific partners, the United Kingdom and USA
(Science-Metrix, 2008) [Table 2].



Table 1: Trends in GERD in Canada, 1999-2008

GERD in GDPin
CANS CANS GERD/GDP

millions millions ratio
1999 17 638 982 441 1.80
2000 20556 1076577 1.91
2001 23133 1108 048 2.09
2002 23536 1152905 2.04
2003 24 691 1213175 2.04
2004 26783 1290906 2.07
2005 28 126 1373 845 2.05
2006 28 599 1449215 1.97
2007 29170 1532944 1.90
2008 29487 1600 081 1.84

Note: Data for 2007 and 2008 are preliminary.

Source: Statistics Canada

In part, this large-scale, long-term investment cycle in R&D
since 1997 has come about through continuous budget
surpluses over the decade leading up to the recession in
2008. As a result, Canada has been at the forefront of the
G8 in terms of gross domestic expenditure on research
and development (GERD) per capita in the higher
education sector and is second only to Sweden among
countries of the Organisation for Economic Co-operation
and Development (OECD) in this category. R&D in the
higher education sector now constitutes roughly 35% of
the country’s total R&D performance (Figure 5).

However, other data cloud this rosy picture. Business R&D
expenditure in Canada as a percentage of GDP declined
by 20% from 2001 to 2007. Canadian industry’s spending
on R&D was just over 1% of GDP in 2006, well below the
OECD average of 1.56% and the US average of 1.84%.
Business R&D represents only about 54% of R&D
performed in the country and is concentrated in a handful
of companies, with only 19 firms spending more than
CANS$ 100 million per year on R&D (Figure 6). The top ten
companies have carried out one-third of all R&D over the
past two decades (OECD, 2008). Even more troubling, one
firm, Nortel, responsible for a large portion of this one-
third of business R&D, has been severely weakened by its
inability to recover from the high-tech market crash in
2000-2001 and, more recently, from the global recession.
In January 20009, facing flagging market demand, Nortel
filed for bankruptcy protection, leading to most of its key
assets being gradually sold off. Business R&D spending in
the manufacturing sector especially appears to be in slow

Canada

decline, although R&D in the services sector has
maintained some staying power.

There are other worrying signs. The labour market
demand for science and engineering graduate students
appears to be weakening. Since 1984, relative labour
productivity in Canada’s business sector has fallen from
more than 90% of the US level to about 76% in 2007.
Canada ranked 15™ out of 18 countries in a recent
assessment of growth in labour productivity. When
compared to the USA, Canada has shown much slower
growth in labour productivity since 2000 in three major
sectors: manufacturing; information and culture; and
finance, insurance and real estate. The average
investment per worker in ICTs in Canada was only about
60% of the US level in 2007. In short, some have
concluded that Canadian business — with a few notable
exceptions - tends to be seen as a technology follower,
not a leader.

Government investment choices

Historically, government investment in S&T has been
largely a non-partisan issue. All political parties support it
but to varying degrees and with a different emphasis from
one period to another. For example, once it had absorbed
a serious budgetary deficit, Canada’s previous Liberal
Party administration (1993-2005) decided from 1997
onwards to invest in knowledge on a large scale relative to
other discretionary expenditure, reasoning that fostering
a sound knowledge economy would greatly benefit
Canadians.

Table 2: Trends in scientific publications in international
collaboration for G8 countries, 2002 and 2008

2002 2008 Percentage
change
Canada 12144 20030 +65
France 19782 28 046 +42
Germany 26 930 36 668 +37
Italy 12553 19027 +52
Japan 14213 18 162 +28
Russian Federation 8884 8778 -1
United Kingdom 23 898 35663 +49
USA 57161 83854 +47

Source: Knowledge Assessment Methodology database; Thomson Reuters
Inc. Science Citation Database Expanded, compiled for UNESCO by the
Canadian Observatoire des sciences et des technologies
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To some extent, this investment has paid off but it has also
raised expectations of continued funding on a similar scale.
The current government has also supported new R&D
investment under its federal Science and Technology Strategy
released in May 2007. However, it has been criticized in the
media as well as in some research circles for an
overemphasis on investment in scientific infrastructure at
the expense of more significant renewed programme
funding for the three main grants councils — the Natural
Sciences and Engineering Research Council (NSERC); the
Canadian Institutes of Health Research; and the Social
Sciences and Humanities Research Council - and other
research funding institutions like Genome Canada.

In the face of the ambitious research funding and aggressive
science and education policy agenda announced by the
Obama administration, some fear a loss of talent and
research expertise to a re-energized US research system.

Over the past decade, a number of new science and
innovation programmes and institutional projects have

been successfully introduced into the research system.
These include the 2000 Canada Research Chairs, the
Networks of Centres of Excellence, the Canada Foundation
for Innovation, Genome Canada and numerous
scholarship programmes. These have been accompanied
by funding increases for the three major grants councils
for university research and by provisions for indirect
research costs. In all, an estimated CAN$ 16 billion in new
federal research funding has pushed Canada to the
forefront of the international S&T arena but has also
resulted in calls for greater accountability and for the
socio-economic impact of S&T projects to be
demonstrated.

A persistently poor R&D culture in much of the
business sector

Focusing on supply issues is a constant reminder that
demand for knowledge must also be well grounded.

In Canada, this continues to be problematic. The debate
over Canada’s weak business R&D is perennial, going back

Figure 3: Publications in Canada by major field of science, 2002 and 2008
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Figure 4: Scientific publications in the G8 countries and China, 2000 and 2008
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to the early 1960s (Dufour and de la Mothe, 1992). Whereas,
in most leading developed economies, the private sector
plays an active role in driving and championing the need
for an enhanced innovative capability, in Canada, business
leadership is largely lacking. In part, this is because many
Canadian-based firms are weak performers of R&D. This is to
some extent a function of their status as branches or plants
of foreign-based multinationals but it can also be attributed
to the fact that Canada has been a global commodity
producer, an area where R&D has not been considered a
major business input.?

A 2009 study by the Council of Canadian Academies has
argued that there is no single cause for weak innovation in
Canada. Rather, a sound understanding and analysis of
the factors that influence business decision-makers, sector
by sector, is also required (CCA, 2009q). It has made the
point rather convincingly that Canada’s productivity
problem is actually a business innovation problem and
that business strategies do not emphasize innovation as a
key competitive tool. Canada’s place in‘upstream’ North
American industries and a small domestic market that is

geographically fragmented provide less incentive for a
business to innovate in order to survive. Others also argue
that there is insufficient advocacy from the various private
sector associations to invest in innovation and devote
greater attention to the importance of innovation and
research for competitiveness.

Jump-starting the innovation process

Arguably then, the higher education research sector has
come to be seen as a surrogate for industrial R&D in
Canada, along with some key public technology
institutions. There have been numerous attempts by
successive governments at both the federal and provincial
levels to shape new public sector levers to stimulate the
commercialization of knowledge through public-private
partnerships. One good example of this is the agreement
negotiated by the federal government with the
Association of Canadian Universities and Colleges (AUCC)

3. It should be noted, however, that multinational firms operating in
Canada appear to invest more in R&D than their Canadian-owned
counterparts.
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Figure 5: GERD in Canada by performing sector and source of funds, 2002 and 2007 (%)
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in 2002; it stipulated that Canadian universities were to
double the amount of research they performed and triple
their commercialization performance, in addition to
intensifying the training of graduate researchers and
contributing to the socio-economic development of their
communities. As a result of this entente, the AUCC has
produced various accountability measures and
benchmarks to monitor and update these commitments.
For example, according to its data, the income received by
Canadian universities from the commercialization of
research results almost doubled between 2002 and 2006,
while spin-offs from universities grew from 718 in 1999 to
1068 in 2006 (AUCC, 2008).

Another novel case can be found with the Networks of
Centres of Excellence (NCE) programme mentioned
earlier. A competitive-based initiative, the programme was
launched in 1989 with the objective of not only
developing a network of excellence around the country to
address specific research challenges but also of working in
concert with industry to generate practical applications
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from basic research programmes. There are now 20 NCEs,
all chosen via a competitive process covering a gamut of
strategic research areas across the country. They include
three devoted explicitly to major social issues. By all
accounts, the programme has met with considerable
success. For example, according to a recent progress
report on the federal S&T Strategy (Government of
Canada, 2009) in 2006-2007, the NCEs have:

m partnered with close to 2 000 companies, government
departments and agencies, hospitals, universities and
other organizations in Canada and around the world;

m employed more than 6 000 researchers and highly
qualified personnel;

m supported their scientists in filing 110 patents and
publishing 4 309 papers in refereed journals;

m obtained or launched negotiations on 20 licenses and
generated four spin-off companies.

Building on this model, the federal government has
experimented with hybrid, more commercially driven



designs to engage industry actively. In 2007, the
Business-Led Networks of Centres of Excellence
programme was announced to fund large-scale
collaborative networks. These are expected to increase
private-sector investment in research in Canada, support
the training of skilled researchers and shorten the time-
lines between research and commercialization. Up to five
centres are to be supported for four years through this
new programme. Centres of Excellence in Commercialization
and Research have also been created to the tune of
CANS$ 350 million over five years. These advance research
and commercialization of technologies, products and
services in four priority areas identified by the 2007
federal Science and Technology Strategy. The first batch of
these centres was simply announced by the federal
government in 2007 but, since then, centres have
undergone a selection process combining international
peer review with advice from the private sector.

There have been other efforts to jumpstart the innovation
process in Canada. These range from some of the most
generous R&D tax credits in the world to new forms of
venture capital support and even targeted research funds
for automotive innovation, aerospace, forestry and
defence - important employment sectors of the Canadian
economy. In addition, given Canada’s tremendous scope
in energy assets, investments have been made in energy
research and technology, including the establishment of
Sustainable Development Technology Canada in 2001, a
foundation that supports groundbreaking technologies
from the private sector in climate change, clean water
and next-generation renewable fuels. Along with a

Clean Energy Fund announced in 2009, more than

CANS$ 3.5 billion has been invested in energy research

and technology, with more likely to come.

The National Research Council of Canada, the premier
technology motor of the public sector (with laboratories
across the country), has also increased its financial support
- to CANS 200 million for two years - for the well-
established Industrial Research Assistance Program
designed to help solve the innovation challenges of small
and medium-sized companies. As of October 2009, this
new funding had reached over 1 200 firms and created over
4 500 jobs on top of the 455 new graduates hired by small
firms. In parallel, federal government laboratories in various
areas that include natural resources, national defence, the
environment, and agri-food and agriculture have
developed initiatives to commercialize their technologies.

Canada

The three grants councils have also been responsive. For
example, the Natural Sciences and Engineering Research
Council has funded three strategic networks to focus on
challenges in manufacturing, forestry and fisheries. Some
of the provinces have also invested significantly in
research and innovation. The province of Ontario has
created a Ministry of Research and Innovation to focus the
provincial government’s commitment to making
innovation the driving force of Ontario’s economy. Alberta
has announced a major initiative on clean energy and
supports a four-part technology commercialization action
plan. As for Quebec, it has introduced an ambitious

CANS$ 1.16 billion science and research strategy that
includes funding for participation in key international S&T
ventures.

Despite all of these efforts to improve the demand for
knowledge, including some new funds to foster industrial
R&D internships for students wishing to work in the
private sector, the overall weakness in private sector
performance persists.

Figure 6: GERD in Canada by source of funds,
2002 and 2007
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PERSONNEL ISSUES

The need for a strong national agenda in higher
education and research

In many respects, Canada has two Achilles Heels. The first, as
we have seen, is the lacunae of aggressive private-sector
commitment to innovation. The second is the lack of a strong
national agenda for talent and science education when it
comes to orchestrating effective skills, education and training
for the 21 century. While education remains almost
exclusively a provincial matter, responsibility for S&T and
research are undefined constitutionally. As a result, different
levels of government intercede with different instruments for
varying outcomes. This makes for a complex web of actors
and recipients, often with unco-ordinated leadership.

A landmark study in 1984 by the defunct Science Council of
Canada on science education involving all jurisdictions made
this point clearly (Science Council of Canada, 1984). Other
studies have since pointed out the need for a pan-Canadian
vision for education, research and skills. Furthermore, despite
the occasional federal/provincial/ territorial S&T ministerial
meetings, Canada’s one and only attempt at a truely national
S&T strategy, adopted by all levels of government in 1987,
has long since lapsed.

Data show that enrollment in Canadian universities in the
2006/2007 academic year rose only 0.9%, the smallest rate
since 2000. Of some concern is a persistent disaffection
among students for the natural sciences and
mathematics: in recent years, enrollment has fallen in
several areas, including mathematics and computer and
information sciences (Figure 7).

However, it is worth noting that Canadian secondary
school pupils perform well in science, according to the
OECD’s Programme for International Student Assessment.
In 2006, they ranked third — after pupils in Finland and
Hong Kong in China.

Taking full advantage of a highly educated foreign-
born population

Nearly half (47%) of Canada’s population of working age
holds a tertiary degree. Canada’s large foreign-born
population is also highly educated. The country has the
highest ratio in the world of foreign-born PhDs to native
PhDs and is second only to the USA for highly skilled
foreign-born workers. Taking full advantage of the
immigrant population for enhanced socio-economic
development is a challenge.

68

Evidence shows that Canada succeeds in attracting highly
skilled immigrants on a permanent basis but fares less well
when it comes to attracting and retaining foreign students at
advanced levels of education. In fact, one of the earlier policy
experiments was structured precisely to address this question
of retention: the CANS 2 billion Canada Research Chairs (CRC)
Programme was designed in 2000 to attract top talent to
Canada’s universities and keep them there. Two thousand
CRCs have been allocated on a competitive basis to

70 participating universities across the country. The chairs are
allocated according to a two-tier principle: CANS 200 000 per
chair for established ‘stars'for seven years, tenure that is
renewable, and CANS 100 000 per year for five years for junior
or rising stars. One of the features of this ongoing programme
is that universities have to provide a strategic research plan on
how they would allocate the chairs and in what areas. This
requirement has encouraged Canadian universities to
become more focused in some of their research. The success
of this model has been adapted elsewhere around the globe
and, in 2007, the International Development Research Centre,
Canada’s premier research development agency, joined up
with the CRC programme to create a new initiative for
selected university chairs in the developing world. In 2009,
under this programme, eight research teams were selected to
receive up to CANS 1 million each over five years, each to
address a key development challenge.

Other measures have been put in place under the 2007
federal Science and Technology Strategy. The Vanier Canada
Graduate Scholarships Program supports 500 Canadian
and international doctoral students each year with three-
year scholarships valued at up to CANS$ 50,000 per annum.
Launched in September 2008, these awards are expected
to attract and support world-class doctoral students who
demonstrate a high standard of scholarly achievement in
graduate studies along with strong leadership skills.

Building on the CRC programme, a Canada Excellence
Research Chairs Program was launched in 2009, with a
budget of CANS 10 million over seven years to support

20 researchers and their teams in establishing research
programmes at Canadian universities and research hospitals.

Provincial governments promoting an
entrepreneurial culture

Provincial governments are active as well. Quebec has the
highest provincial GERD/GDP ratio in Canada, at 2.7%. It is
followed by Ontario at 2.3%. These two provinces, which
contain most of Canada’s manufacturing heartland,
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Figure 7: Enrollment in scientific disciplines in Canada, 2002/2003 and 2006/2007
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dominate the provincial R&D landscape. Firms in Ontario
account for 48% of total industrial spending in R&D, while
those in Quebec account for 30% (Statistics Canada, 2009).
For example, the Ontario government’s CANS 3 billion
Innovation Agenda (Government of Ontario, 2008) provides
funding for the development and teaching of commercial
skills across sectors and disciplines. It supports programmes
to spark the interest of young people in innovation. As well
as providing funding for theoretical physics and quantum
computing, Ontario invested CANS 100 million in an
initiative centred on genomics research in 2009, along with
a CANS$ 250 million Emerging Technologies Fund to be co-
invested with venture capital funds-for companies in clean
technology, life sciences and digital media and ICTs.

Other provinces, such as Alberta, Quebec, British Columbia
and Saskatchewan, are all actively engaged in promoting
science and an entrepreneurial culture through science
popularization, outreach and scholarships. Most provinces
have embedded science and research functions in
ministries responsible for small business, entrepreneurship
or innovation. A few have S&T councils advising their
government on emerging trends and new policy directions,
among them British Columbia and Quebec. Alberta has

adopted a new approach to innovation with the creation of
Alberta Innovates, a set of four corporations that will
address specific innovation challenges for the province.

Several provinces have research and technology councils
that develop technology commercialization and cluster
strategies to enhance innovation specific to their region,
often in conjunction with federally funded research
bodies located in their province or territory. Some of the
regional agencies for economic development supported
by the federal government are active in this arena.

One example is the multimillion-dollar Atlantic Innovation
Fund established in 2000, which supports research in the
four Atlantic provinces: Nova Scotia, New Brunswick,
Prince Edward Island, and Newfoundland and Labrador.

INVESTMENT IN INFRASTRUCTURE

Laying the foundations for innovation

Funding is a good start but researchers also need a well-
appointed home if they are to be successful. In 1997, the
federal government initiated an experiment that it
dubbed the Canada Foundation for Innovation (CFI).
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Figure 8: S&T labour force in Canada, 2006
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Despite its name, the programme is actually designed to
ensure the provision of state-of-the-art research capacity,
equipment and facilities to universities, colleges and
hospitals across Canada. Envisioned to last for five years,
with an initial investment of CAN$ 800 million, its success
has been such that its lifespan will carry it beyond 2010 -
with a combined projected investment of almost

CANS 10 billion over the past decade. CFl is structured to
leverage 60% of its funding from other sources, including
the provinces. Since its inception, CFl has supported,
through open competition, 6 000 projects at

128 research institutions in 64 Canadian communities
(Government of Canada, 2009). An analysis of CFl's impact
over the past five years indicates that this new
infrastructure has led to:

m the creation of more than 4 000 jobs in the public and
private sectors;

m the training of almost 11 000 technical personnel;

m the generation of more than 9 000 research
collaborations;

m the development of more than 1500 international
research collaborations;
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m the registration of 1 750 intellectual property rights
claims;

m the development of 760 new or improved products,
processes or services; and

m the creation of almost 200 spin-off companies.

Another major investment in infrastructure has come
through the CANARIE Advanced Research Network, a
sophisticated, ultra-high-speed broadband network linking
the country’s universities, hospitals, federal laboratories and
other facilities with top institutions around the globe.
CANARIE received an additional CANS 120 million in the
2007 budget. In 2009, as part of a broader economic
stimulus package, the federal government also invested
CANS 2 billion for improvements to knowledge
infrastructure in the country’s colleges and universities.

Several organizations have also called for greater
attention to be paid to entrepreneurship and producing
business, management and financial talent at Canada’s
business schools. Virtually every study on competitiveness
makes this point, arguing that innovation requires better-
informed managerial talent, rather than solely investment



in more scientists and engineers. When a 2009 study by
the Council of Canadian Academies examined how the
research produced by Canadian business and finance
schools was faring, it found that, while overall output from
this research tended to rank above the world average in
most traditional disciplines, there was a lack of explicit
relevance to potential end-users (CCA, 2009b).

SCIENCE GOVERNANCE

Science governance faces challenges of its own

Fixing and fuelling innovation systems also requires a sound
regulatory environment, high technical standards and well-
framed conditions to support the business environment.

In a country with a long-standing social democratic
tradition, informed advice and public engagement on the
country’s future directions is a sine qua non condition. Sound
scientific advice and a strong science and innovation culture
are central to these tenets. Canada has experimented with
various institutional forms of scientific advice in the past but
few have survived. The longest-standing of these was the
Science Council of Canada, which was closed by the federal
government in 1992 after 26 years of providing a public face
and dialogue on Canadian science policy.

In 2008, after a four-year experiment, the Office of the
National Science Advisor (which had been set up under
the former Liberal Party prime minister) was disbanded.
Borrowing from similar models in other countries, the
office had been an attempt to address an obvious gap in
the government’s ability to mobilize effectively its
advisory capacity internally on key public policy issues.
Issues it actively supported over its short life-span include
(Carty, 2008):

m the creation of the Canadian Academy of Science in
2005, now the Council of Canadian Academies, an
independent organization with a 10-year grant
endowment of CANS 30 million designed to assess the
science underlying important public policy issues. The
Council has produced several reports at the request of
the government, following a landmark report in 2006
on the state of S&T in Canada (CCA, 2006) which formed
the basis of the federal government’s strategy for
priority-setting.* Assessments published by the Council

4. STIC has subsequently produced a set of sub-priorities for the design of
Canada’s research support programmes at the request of the Minister of
Industry.

Canada

include the potential for gas hydrates in Canada, the
impact of nanotechnologies on health and the
environment, the sustainable management of
groundwater, business innovation, the transmission of
influenza and design options for a proposed new
international Arctic research station. Other assessments
on animal health and biodiversity are under way;

advising on what became a CAN$ 156 million
contribution to the International Polar Year
(2007-2008), the largest ever global programme
dedicated to polar research. Canada led 44 projects in
this venture, which focused on the impact of climate
change and adaptation measures, as well as the health
and well-being of Northerners and Northern
communities. This investment stimulated a major
outreach programme in addition to mobilizing
communities, researchers and the next generation of
scholars in Arctic research. The government has also
committed to establishing a world-class research
station in the high Arctic; a feasibility study is currently
being finalized on its potential location;

in collaboration with the heads of the research councils
and agencies, the development of a draft framework for
the funding, evaluation and oversight of major Canadian
investments in science and infrastructure. Since 2008,
Canada has continued to support several such ventures,
including NEPTUNE Canada, a CAN$300 million public—
private sector collaboration on the Pacific Coast involving
Canada and the USA that will use a cabled observatory to
expand knowledge of the ocean and ocean floor. Other
projects include the Canadian Light Source in
Saskatchewan, the Sudbury Neutrino Observatory in
Ontario and a major contribution to the Large Hadron
Collider near Geneva in Switzerland (see page 158);

with the co-operation of aid agencies and other
departments and agencies, the drafting of an action
plan to help mobilize R&D to meet the needs of the
developing world, especially in the context of
Canada’s previous G8 commitments in health,
agriculture and innovation for development in Africa.
A multi-million dollar Development Innovation Fund
was announced in 2007 to assist in funding
breakthroughs in health and related areas for the
benefit of developing countries. Canada’s International
Development Research Centre (IDRC) was one of the
first organizations to support the establishment of

71

epeued



UNESCO SCIENCE REPORT 2010

Africa’s Science and Technology Consolidated Plan of
Action by the New Partnership for Africa’s
Development (NEPAD), announced in South Africa in
2005 (see page 297);

® in conjunction with other international obligations,
the National Science Advisor worked closely with the
international trade department to help design the
International Science and Technology Partnerships
programme (ISTP) that is now providing
CANS$ 20 million for enhanced R&D partnerships with
Brazil, China, India and Israel. The ISTP has led to over
30 funded joint projects with China and India (ISTP,
2009). Moreover, a new experiment in trilateral
co-operation involving Canada, China and Israel in
agri-innovation shows considerable promise for other
such partnerships in the future (ISTP, 2009). In addition,
the National Science Advisor helped to shape the
Canada-California Strategic Innovation Partnership
(CCSIP), which has since resulted in the creation of a
bilateral Cancer Stem Cell Consortium announced by
the Minister of Health and the Governor of California
in May 2008. In December 2008, a CANS 2 million joint
call for proposals was launched under the CCSIP,
resulting in over 100 expressions of interest from
some 23 Canadian universities.

In 2007, the federal government phased out several
other S&T advisory groups, including the Council of

S&T Advisors and the National Biotechnology Advisory
Council. These were replaced with a new Science,
Technology and Innovation Council (STIC) made up of
experts from across the country and senior officials from
various science-based departments. An advisory body
that reports to the Minister of Industry, the STIC
constitutes an element of the federal Science and
Technology Strategy of 2007.

The STIC provides S&T advice on issues referred to it by
the government, such as the design of new S&T
scholarships or how to enhance Canada’s S&T role
internationally. The council is mandated to produce a
regular national report benchmarking Canada’s
performance in S&T against international standards of
excellence, the first of which was published in May 2009
(STIC, 2009). Unlike similar bodies in other jurisdictions,
the public is not privy to the work of STIC, with the
exception of its national report. STIC provides advice to
the government on a confidential basis.
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CONCLUSION

Looking forward

The next phase of Canada’s knowledge investment is
unclear, in a rapidly changing S&T environment with
diminishing expectations and new priorities, and amid
pressing domestic and global demands. From 2001, when
Canada’s R&D effort reached a high of 2.09% of GDP, GERD
declined to 1.84% of GDP in 2008 (Table 1). Federal R&D
expenditure is expected to drop to 2.6% in 2008/2009
from 2.9% the previous year. In 2008, direct federal
funding of R&D amounted to CAN$ 5.2 billion, or just
under one-sixth of the country’s total R&D funding. While
the federal government’s overall spending on S&T was
about CAN$9.9 billion in 2008-2009, S&T accounted for
about 4.1% of the total federal government budget, down
from 4.6% over the previous two years.

Responding in part to critics of its tepid investment to date,
the federal government announced in March 2010 a suite of
new innovation and research measures spanning 2010 and
2011.These include a five-year postdoctoral fellowship
programme of CAN$ 45 million; small increases over two
years to the grants councils (totalling CANS 32 million per
year); a one-time investment of CAN$ 75 million to Genome
Canada; CANS 135 million to the NRC for its regional
innovation clusters; and CANS$ 50 million over the same
period to TRIUMF, Canada's premier national facility for
nuclear and particle physics. The 2010 Budget also invested
CANS$ 397 million over five years to develop the next-
generation remote-sensing radar satellite: RADARSAT.

A programme for college and community innovation will also
receive an additional CAN$ 15 million per year and

CANS 49 million in annual funding for two years has been
earmarked for the regional development agencies to enable
them to continue supporting innovation across the country.
The proposed Canadian High Arctic Research Station received
new funding for a pre-construction design phase and the
ISTPP programme with India, China, Brazil and Israel was
extended for another two years with an additional

CANS 8 million. Nonetheless, with a looming austerity
programme to reduce Canada's budget deficit by 2016, many
predict tougher times ahead for research and other areas of
discretionary spending. The onus will be on the research and
innovation community to continue to make its case.

There is an animated and re-emerging public policy debate
at the moment on limiting potential brain drain, as US
spending on R&D and other incentives are ramped up



proportionately more than Canada’s own investment.

The same can be said of investment by other competitors,
such as China, France, Germany, India and the Republic of
Korea. In a trend that is somewhat in line with other
countries, government policies are increasingly focusing on
the need to frame research for commercial results and direct
areas of priority. Nonetheless, even the co-founder of
Canada’s largest high-tech company, Research in Motion —
makers of the Blackberry — has warned of the perils of
ignoring basic research (Lazaridis, 2009). Mike Lazaridis has
invested over CANS 150 million of his personal fortune to
create the world-class Perimeter Institute for Theoretical
Physics (PI) and the Institute for Quantum Computing.
These are both located at Waterloo, Ontario, one of the
country’s most dynamic knowledge clusters. Some of the
funding for these two institutes has come from federal and
provincial governments.®

Canada’s structural weaknesses in competitiveness and
innovation remain but projects to enhance technology and
its commercialization are on the rise. These are still too few
and far between, however. If Canada is to maintain its current
level of prosperity, they will need to be expanded on, with all
relevant sectors working together. Examples of such projects
are:

m the Medical and Related Sciences (MaRS) Discovery
District in Toronto;

m the biopharma and nanotechnology clusters in Quebec;

m the marine and oceans research complexes in Halifax and
St John's;

m the nanotechnology, energy and water research institutes
in Alberta; and

m the biotechnology and bio-products cluster in
Saskatchewan.

The mission of Canada’s over 200 federal laboratories, which
serve the public good in areas that include health, the
environment, agriculture and food safety, is changing as the
R&D capacity of these laboratories slowly erodes. In
recognition of this decline, these laboratories received a two-
year injection of CAN$ 250 million from the federal
government to help cover the cost of deferred maintenance.
An expert panel appointed by the federal government in
2008 examined ways in which the federal laboratories might
better adopt new business models, in collaboration with

Canada

universities, and analysed various forms of privatization.
Several new models for partnership in the fields of materials,
geosciences and nanotechnologies are being put in place as
aresult. One good example is the National Institute for
Nanotechnology, established in 2001 on the campus of the
University of Alberta with the support of the NRC and federal
and provincial governments.

Diversifying partners in scientific collaboration
Canada’s global partnerships are also shifting to address the
country’s changing domestic needs. A recent study has
demonstrated that, while the USA continues to be the
country’s largest S&T partner by far — in 2008, over 51% of
Canadian scientific papers were co-authored with US
researchers, streets ahead of the next biggest partner, the UK
(8.1%) — the fastest growth in bilateral scientific collaboration
is occurring with emerging Asian and Latin American
economies, as well as with some Nordic countries. These
countries include China, Finland, the Republic of Korea and
Norway (Science-Metrix, 2009).

With respect to multilateral membership of various ‘clubs;,
Canada continues to participate in such groups as the
Asia—Pacific Economic Cooperation (APEC), the
Organization of American States (OAS),° the United
Nations, the Francophonie - bringing together French-
speaking countries — and the North Atlantic Treaty
Organization. Despite some significant earlier investment
in development research, there are signs of a slowdown, as
aid and capacity-building shift towards other geopolitical
priorities, among them Afghanistan and the Americas.
Canada’s expertise in supporting S&T for development was
put to the test with the G8 and G20 meetings in 2010, as it
sought to strengthen partnerships with Africa and other
developing regions in specific programmatic areas
associated with global health via the launch of the
Development Innovation Fund. Funding will be delivered
by Grand Challenges Canada, a programme instigated by
the federal government in 2008 and endowed with
CANS$225 million over five years. The programme will
‘support the best minds in the world as they search for
breakthroughs in global health and other areas that have the
potential to bring about enduring changes in the lives of the
millions of people in poor countries.! Grand Challenges
Canada will be implemented in collaboration with the
IDRC and the Canadian Institutes of Health Research.

5. The origins and development of the Perimeter Institute are related well
in an interesting book by its former Executive Director (Burton, 2009).

6. See Annex | for the member countries of APEC and OAS.
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Developing a science culture

In addition to the pursuit of priority-setting and the
examination of its appropriate place in shaping future
public policy and investment in innovation and R&D, other
debates are emerging. These are centred on improving the
science culture and outreach in the country, including by
augmenting the participation of women and the
Aboriginal population in the knowledge society (Dufour,
2009). Women account for 47% of the labour force and
57% of university graduates but only 20% of doctoral
degrees awarded in science and engineering.

Some of the responsibility for Canada’s deteriorating
appreciation of the value of knowledge centres on its lack
of a science culture in its widest form, both in the political
realm and among certain segments of the population and
research community. There is an antagonism here
between what some have termed a‘politically clueless
research community versus a scientifically illiterate
political class’ A Science Media Centre has been proposed
to improve science communication within the media.
Efforts are also under way at various science centres and
museums across the country to strengthen public
understanding. Events include a National Science and
Technology Week and a major physics festival organized
by the Perimeter Institute. Some provinces, especially in
Quebec, have long-standing traditions and tools in
support of science outreach, given the promotion of
science in the French language.

Overall, however, the science culture gap remains. The
scientific communities must share some of the
responsibility for this. Often poorly organized, with limited
means of outreach and inadequate communication tools,
the research lobbies are increasingly faced with having to
make a better case for why the future of the country lies
with more, rather than less, research and technology -
innovation in its broadest sense.

The private sector is also struggling to be more effective in
articulating its own needs and concerns over the lack of
necessary resources and strategic vision. If it can succeed

7. Usually associated with the Roman goddess of wisdom, Minerva, this
term was deployed to refer to the Royal Society of Canada at the turn of
the last century.
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in forging stronger partnerships, while recognizing the
value of adopting new business innovation models,
the private sector can emerge as a stronger actor in the
country’s competitive future.

With continued public policy leadership and by building
on its considerable physical and intellectual assets within
a larger societal debate on knowledge for development,
Canada’s innovative path shows considerable promise as it
sets out to enhance its reputation as a Northern Minerva.’
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It is the academic sector which is
the most dynamic actor in creating
innovation systems in Latin America...

As a result, local knowledge is

underutilized by productive sectors
that have little demand for it.
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INTRODUCTION

The global economic recession has struck Latin American
countries' with varying intensity: in 2009, growth slowed in
some countries, like Brazil, and was negative in others, like
Argentina. However, the impact of the recession seems to
have had a less dramatic impact on the region than on other
parts of the world. At the time of writing in early 2010, the
worst appears to be over, with Latin American economies
now on a path to recovery. Peru, Chile and Brazil should lead
with growth rates of more than 3.5% in 2010. The Brazilian
government announced in late 2009 that the country had
relegated the recession to the past; effectively, Brazil's
employment rate has risen steadily since the second half of
2009. Argentina’s economy is also showing signs of recovery
and should grow by 1.5% in 2010, albeit at a slower pace than
before the recession. Mexico, on the other hand, has been
deeply affected, due to the imbrication of its economy with
North American markets. However, Mexico should bounce
back in 2010, with growth forecast of around 3%. Venezuela
will not be so fortunate, as its economy is expected to
contract slightly again in 2010 (Casamérica, 2010).

In the meantime, the gap between rich and poor in Latin
America remains one of the widest in the world. The
region faces pressing social issues such as poverty and
marginalization, which deprive many of education, health
care and housing, among other basic rights. The impact of
the current recession on employment will probably
exacerbate social tensions and push some communities
farther to the margins of society.

According to 2006 data from the United Nations Economic
Commission for Latin America and the Caribbean - the last
year for which data are available — more than one-third of
Latin Americans, or 200 million people, live beneath the
breadline and 13.4%, or 80 million, in extreme poverty. The
stratum composed of 40% of Latin American homes in the
lowest income bracket concentrates as little as 14% of
aggregate income, on average (ECLAC, 2007).

Even though these figures have improved slightly since
2002 as a result of growth, the structural weaknesses of
Latin American countries persist: economies oriented
towards commodities, low levels of industrialization, a
regressive income distribution rate and limited access to

1.’Latin America’refers in the current chapter to the countries in Figure 1.
See also the individual chapters that follow on Brazil and Cuba.

international funding as a result of difficulties in repaying
foreign debt in earlier decades.

Paradoxically, the fact that Latin American countries are
producers of commodities has been a comparative
advantage in the past few years of growing international
demand. Recent data show that international prices for
commodities are going up again, which is very good news
for Latin American economies. If this is confirmed as a long-
term trend, the pace of economic growth will not be so
negatively affected in coming years by price fluctuations.

One of the main symptoms of persistent poverty is
growing urban segregation, with slums spreading in many
of the region’s major metropolises. In parallel, a report by
the International Labour Organization (ILO, 2007) notes
that, among Latin American youth aged 15-24 years,

30 million out of a labour force of 48 million are employed
in the informal economy where working conditions are
poor. A further 10 million are unemployed. Of the

22 million young people who neither study nor work and
have never registered as unemployed, 79% live in urban
areas. This shows that equity, an intrinsic dimension of
development, has still not been attained in Latin American
countries, despite being a long-standing goal.

Even an emerging economy like Brazil presents the
urban-rural, rich—poor divide that is widespread in Latin
America. The problem of uneven development, with
scientific institutions being concentrated essentially in the
capital and other major cities, is typical of the region and
can be observed, for example, in Sdo Paulo and Rio de
Janeiro, Buenos Aires and Mexico City.

It is difficult to consider Latin America as a whole, since
one of the most prominent characteristics of the region is
its heterogeneity, both between and within countries. Just
five countries concentrate 80% of regional GDP (Figure 1).
This concentration highlights the need for very diverse
development strategies, which will in turn have an impact
on the type of science, technology and innovation (STI)
policy adopted by each country.

New development paths must be explored in Latin America
if the region is to generate more wealth and improve wealth
distribution. These new paths must value available resources,
among which knowledge must take a central place. STI must
play an increasingly important role in achieving growth and
equality.
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Figure 1: Distribution of GDP in Latin America, 2007
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STI POLICIES TO PROMOTE
INNOVATION AND SOCIAL EQUITY

Most of the region’s existing institutions were inspired by
what is now known as the‘linear model’ The aim of the
linear model was primarily to ensure good-quality basic
research. It was assumed that this would guarantee the
availability of applied research and that the benefits of
science would in turn overflow into society as a whole.
The linear model met with some success in creating or
consolidating the scientific community of each country
but was of little efficacy when it came to transferring
knowledge to the productive sector; this gave rise to the
configuration of an academic sector relatively isolated
from society. The outdated linear model is still alive and
well in many countries of the region.

The Conference on Science, Technology and Innovation for
Sustainable Development in Latin America and the
Caribbean, organized by UNESCO in Havana, Cuba, in 2005,
addressed the lack of correlation between the spheres of
production and the use of knowledge, which in turn leads
to a mismatch between the expectations of the scientific
and business communities as to the use of knowledge.
The conference also addressed the issue of existing
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Dominican Republic

tensions between democratization, on the one hand,

and the satisfaction of social needs, on the other, and
emphasized the effect of those tensions on science and
technology (S&T) policies, in the sense that research and
development (R&D) could make a remarkable contribution
to social cohesion and the exercise of citizenship.

With Latin American countries now attempting to promote
innovation within a development strategy that includes
social equity, it has become necessary to revisit science
policy models and instigate institutional modernization.
Signs of change can be detected in the organization of R&D
and STl policies in many Latin American countries. Since the
mid-1990s, Argentina, Brazil, Chile, Colombia, Mexico and
Venezuela, among others, have all been implementing
institutional reforms to speed up procedures for resource
allocation and make these procedures more transparent.

In more recent years, other countries have followed the
same path, among them Paraguay, Peru and Uruguay.
Reforms have also focused on assessing R&D results,
promoting innovation, strengthening the relationship
between research centres and business, designing long-
term policies, employing strategic intelligence tools,
monitoring public opinion on S&T issues and disseminating
knowledge. Among other reforms characteristic of the



most advanced institutional systems is the adaptation of
universities to the new social reality, with the development
of linkages to enterprises and other social actors.

There has been a shift in policy from the linear model
towards a more dynamic model, in which R&D is demand-
driven and based on specific needs for knowledge and
policy is supportive of innovation. One example is the
creation of the Agency for the Promotion of Science and
Technology in Argentina in 1996, which has been endowed
with funds to finance R&D and innovation (Box 1). In Chile,
multiple funds have been set up since 1981 to finance a
wide range of projects ranging from centres of excellence
to projects for innovation and the creation of networks
linking public and private R&D institutes. In Brazil, sector-
specific funds were created in 1999 to raise the level of
R&D funding (see page 106). More recently, Uruguay
established the National Agency for Research and
Innovation (ANII) in 2005 to consolidate competitive
funds. The same year, a loan from the InterAmerican
Development Bank enabled Peru to set up a Science,
Technology and Innovation Fund to finance R&D
programmes and projects of private enterprises.

The Fund’s Board of Directors is made up of
representatives of the scientific and academic
communities, the government and private sector.

Currently, S&T policies in the region are based on specific
legislation, much of which was drafted in the founding
moments of countries' respective S&T systems.
Nevertheless, a significant change came about at the turn
of the century in many countries with the passing of
legislation that restructured S&T institutions and, in many
cases, incorporated innovation, thereby creating an STI
system: Argentina’s Congress passed a Science Law in 2001,
a year before Mexico passed its own Science Law, followed
by a second law establishing the statutes of the National
Council for Science and Technology (CONACYT) in 2006.
The National Council of Innovation for Competitiveness was
created in Chile by President Lagos in 2005 and renewed in
2006 by President Bachelet to provide the presidency with
a permanent advisory body. This set of institutional
novelties reflects, on the one hand, the growing visibility of
S&T policies within the framework of broader development
policies and, on the other hand, the beginning of a new
generation of policy instruments incorporating innovation.

As regards the composition of the institutional systems of
S&T, the heterogeneity across the region is again apparent

Latin America

here. Although there are public organizations dedicated to
R&D in every Latin American country, the circumstances in
the various countries vary from those having large and
complex systems — such as Brazil, Argentina, Mexico and
Chile - to those with only a sprinkling of weak institutions of
higher education and no S&T system worthy of the name.

A study published in 2009 by the InterAmerican
Development Bank and the Centre for Studies on Science,
Development and Higher Education (Centro REDES) in 2009
identifies 