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FOREWORD

Foreword

The OECD Science, Technology and Industry Scoreboard 2011 draws on the latest
internationally comparable data to explore the challenges faced by OECD and other leading
economies as repercussions from the recent financial and economic crises continue to be felt. It
presents indicators traditionally used to monitor developments in science, technology, innovation and
industry, and complements them with experimental indicators that provide new insights into areas
of policy interest.

The STI Scoreboard is not about “ranking” countries or developing composite indicators. It is
about allowing policy makers and analysts to compare their economies with others of a similar size
or with similar structure and monitor their progress towards desired national or supranational policy
goals. It draws on the OECD’s longer-term efforts to build the data infrastructure needed to link
actors, outcomes and impacts; it highlights the potential and the limits of certain metrics and points
to directions for further work.

The selected indicators have been developed with the following criteria in mind:
e The validity of a set of indicators depends on its use.
e Indicators do not necessarily reveal causal relations.

e Indicators should be based on high quality statistics and analytically robust principles and be
measurable - internationally, over time and with prospects of improvement.

e Indicators should be relevant — particularly for policy decision making.

The first chapter, Knowledge economies: trends and features, provides a broad “narrative”. It
looks at long-term sources of growth; the new geography of growth and emerging players; the changing
landscape of innovation against the backdrop of the economic crisis; the characteristics of innovation
beyond formal research and development; and the challenges ahead and the need for knowledge and
innovation.

The five thematic chapters focus on five key areas of policy interest:

e Building knowledge looks at the knowledge assets that many firms and governments view as
their current and future strengths for long-term sustainable growth. It focuses on indicators of
human resources in science and technology and investment in research. It also introduces
experimental indicators of public funding “modes” (institutional versus project funding).

e Connecting to knowledge considers the extent to which countries’ science-innovation systems
are connected, open and tap into international “brain circulation”. Novel indicators are presented
such as the impact of scientific collaboration (based on normalised patent citations) and indicators
of science-industry linkages (based on citations of non-patent literature in patent documents).
Also included are indicators of researcher mobility and of the extent of firms’ collaboration in
innovation processes.
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e Targeting new growth areas examines the direction of countries’ scientific efforts and the
technologies on which they build their comparative advantage. It presents R&D and innovation
indicators in health and environmental technologies and looks at developments in smart ICT
infrastructure.

e Unleashing innovation in firms is concerned with the dynamism of the business sector, the
main types of innovation in firms, and the extent to which governments create the conditions for
innovation to flourish. It uses firm-level surveys to analyse broader, non-technological innovation.
It presents indicators on the policy environment for innovation, including estimates of government
support via R&D tax incentives and indicators of entrepreneurial culture.

e Competing in the global economy examines how countries seek to build their competitive
strengths. An eclectic range of indicators examines the import content of exports, the
characteristics of innovative firms, industrial specialisation and diversification, technology
specialisation, innovation intensity in different sectors and indexes of patent quality and impact.

The main audience of the STI Scoreboard is the policy analyst with a good level of
understanding of the use of indicators and all those engaged in producing indicators for policy
making. A few paragraphs introducing an indicator, and offering interpretations, are accompanied
by a “Definitions” box for those less familiar with the methods used. A “Measurability” box
summarises measurement challenges, gaps and recent initiatives. All charts and underlying data
can be downloaded via the Statlinks (hyperlink to a webpage).
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Rest of the world
World

OECD SCIENCE, TECHNOLOGY AND INDUSTRY SCOREBOARD 2011 © OECD 2011

11






OECD Science, Technology and Industry Scoreboard 2011
Innovation and Growth in Knowledge Economies
© OECD 2011

Executive Summary

'-.I.-:)day, the world’s economies are facing some extraordinary challenges. While the effects
of the recent economic downturn are still being felt, new pressures are stretching many
governments’ ability to instigate a recovery and national debt levels and unemployment
remain high. The pace and scale of globalisation is unprecedented. Its distinctive features
are increasing international trade, deepening economic integration, especially in emerging
economies, and greater geographic fragmentation of production processes generating ever
more complex global value chains. In this new geography of growth, international
competition from new players is eroding the lead of more established economies.
Environmental pressures challenge the sustainability of development models. Longer life
expectancy is putting a greater strain on the capability of health systems to meet the needs
of an ageing population.

Innovation is increasingly seen as being critical for effectively meeting these challenges. It
will play a major role in lifting economies out of the downturn and finding new and
sustainable sources of growth and competitiveness.

The OECD Science, Technology and Industry Scoreboard 2011 builds on 50 years of indicator
development at OECD to look at major trends in knowledge and innovation in the global
economy. Over 180 indicators illustrate and analyse trends in science, technology, innovation
and industrial performance in OECD and major non-OECD countries (notably Brazil, the
Russian Federation, India, Indonesia, the People’s Republic of China and South Africa).

Chapter 1 uses traditional, new and experimental indicators to build a narrative around
the features of today’s landscape of knowledge and innovation. The five thematic chapters
focus on five key areas of policy interest:

e Building Knowledge looks at the knowledge assets which many firms and governments
view as their current and future strengths for long-term sustainable growth.

e Connecting to Knowledge considers the extent to which countries’ science-innovation
systems are connected, open and tap into international “brain circulation” - the mobility
and interconnectedness of highly skilled labour across nations.

e Targeting New Growth Areas examines the direction of countries’ scientific efforts and the
technologies on which they build their comparative advantage.

@ Unleashing Innovation in Firms is concerned with the dynamism of the business sector, the
main types of innovation in firms and the extent to which governments create the
conditions for innovation to flourish.

® Competing in the Global Economy examines how economies seek to build their competitive
strengths.
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EXECUTIVE SUMMARY

The economic landscape and emerging players

Between 2008 and 2009, in the immediate aftermath of the crisis, the OECD as a whole
suffered a net loss in employed persons of about 11 million, a 2% drop. Half of these losses
occurred in the United States. For many OECD countries, significant losses in employment
continued well into 2010. This occurred against the backdrop of longer-term trends
characterised by greater international competition from new players. In 1990 the
G7 countries accounted for two-thirds of world manufacturing value added but they now
account for less than half. By 2009 China had almost caught up with the United States in
manufacturing production, and the share of Brazil and India among world manufacturers
is now similar to that of Korea.

The decline of manufacturing production in many OECD countries means that, on average,
services now account for about 70% of OECD gross domestic product (GDP). Moreover, in
many countries, the share of service activities necessary for manufacturing production has
increased in recent years. In 2008, services-related employees accounted for about 35% of
employees in manufacturing in the OECD area, although it varied between 17% and 52%
across countries.

Increasing global interdependencies
and knowledge flows...

BRIICS economies have become more integrated in the global economy. China is set to
become the second largest recipient of foreign direct investment. Average outward
investment flows from China increased ninefold between the early and late 2000s; those of
India increased more than sevenfold. The last 15 years have seen increased trade in
primary resources such as energy inputs, a more than ten-fold increase in the value of
exports from China, and China’s growing role as an exporter of high-end intermediates and
consumer goods. Meanwhile, OECD countries’ share of world exports has declined from
75% to 60%. In the BRIICS, high-technology manufacturing trade now represents about
30% of their total manufacturing trade, compared to 25% for the OECD area.

Knowledge increasingly flows across borders. The rate of patenting activities is rapidly
increasing in non-OECD economies. On average, over 40% of OECD inventions are also
protected in China. These technology flows mirror the strategic behaviour of firms, the
location of both subsidiaries and competitors, and the attractiveness of emerging markets.

... In a world of rising specialisation

As economic activities become more global, economies increasingly rely on fewer sectors.
Novel indicators show rising economic specialisation since the 1970s, with Canada the only
G7 country to experience periodic bursts of diversification. In contrast, Korea reflects the
development path previously travelled by G7 countries — early increasing diversification (into
industry and services), peaking in the late 1980s, followed by gradual specialisation as its
new comparative advantages became evident. In the G7 countries, the concentration ratio
has grown over the last 30 years; the top four sectors represent on average 55% of total value
added with a few broad sectors, typically “Wholesale and retail” and “Business activities”,
consistently among the top four.
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Countries’ sectoral specialisations can be taken into account when comparing widely used
indicators such as R&D intensity (business R&D expenditure as a percentage of GDP).
Estimating a country’s total R&D intensity as if it had the same industrial structure as the
OECD average provides an interesting picture. In Finland, Germany and Korea (countries
with high R&D intensities), the “adjusted R&D intensity” is below the OECD average of 2.5%.
Conversely, if France, Iceland and the Netherlands had an average OECD industry structure,
their business R&D intensity would be higher than currently observed. For countries in
southern and eastern Europe and for Mexico, an industry structure closer to the OECD
average would not raise their overall R&D intensity — indicating that their business R&D is
lower than average regardless of industrial specialisation.

While countries “specialise”, newly matched enterprise and patent data reveal the benefits of
a broad industrial base for the development of key enabling technologies. Chemical firms, for
example, contribute to the advancement of pharmaceuticals and biotechnologies, and to a
lesser extent also to nanotechnologies. Research and development service providers are also
essential to these fields, as are institutions such as universities. New information and
communication technologies are concentrated in a set of computer and communications
industries, while environmental technologies are shaped by the patenting activity of
specialised machinery manufacturers and certain technical and engineering service activities.

Science and innovation build on local strengths...

Many countries are building centres of excellence to create the optimum conditions for
raising research quality and impact. Non-OECD economies account for a growing share of
the world’s R&D, measured in terms of both number of researchers and R&D expenditures.
Worldwide, the 50 universities with the highest impact - measured by normalised citations
to academic publications across all disciplines - are concentrated in a handful of countries.
Overall, 40 of the top 50 are located in the United States, and the rest in Europe. A more
diverse picture emerges on a subject-by-subject basis. There is evidence that some
universities in Asia are emerging as leading research institutions. Many of the leading
firms in knowledge-intensive industries — such as ICT and the life sciences — have emerged
in a limited number of regions in the world.

... but collaboration and a multidisciplinary
approach are key

The production of scientific knowledge is shifting from individuals to groups, from single
to multiple institutions, and from a national to an international scope. Comparisons of
certain indicators across countries suggest a positive relationship between measures of
research collaboration and scientific impact.

New technologies often draw on a broad base of scientific knowledge. Focussing on “clean”
energy technologies, a new indicator based on citations to scientific publications reveals
that material science makes the single largest contribution to clean energy, followed by
chemistry and physics; energy and environmental science only account for 10% and 1.7%
respectively. The diversity of scientific sources highlights the difficulty of identifying a
single major scientific contributor to innovation in this area.
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Collaboration is part of innovation processes whether firms perform R&D or not. In all
countries R&D-active firms tend to collaborate more frequently on innovation (usually
twice as much) than non-R&D-active firms. In the United Kingdom, collaboration is
embedded in the innovation processes of over 50% of non-R&D-active firms.

Innovation is broader than R&D and a key source
of growth...

New indicators based on trademarks point to large numbers of incremental and marketing
innovations and confirm that firms perform both technological and non-R&D-based
innovation. Analysis of firm-level data on innovation shows that firms follow various
innovation strategies and that these are not always based on formal R&D. However,
product innovation is often associated with R&D. Indeed, in most countries, more than half
of all product-innovating firms also engage in R&D. Remarkably, more than two-thirds of
product innovators are not engaged in R&D in New Zealand and the United States and
more than 90% in Chile and Brazil.

Broader innovation is essential for economic growth and social advancement. Innovation
entails investment in a range of complementary assets beyond R&D such as software,
human capital and new organisational structures. Investment in these intangible assets is
rising and even exceeds investment in physical capital (machinery and transport
equipment) in Finland, Sweden, the United Kingdom and the United States. Encouragingly,
in some countries, recent estimates of intangible assets explain a significant portion of
multi-factor productivity growth.

... as is a dynamic and innovative business sector

The presence of young firms among patent applicants underlines the inventive dynamics
of firms early in their development and their desire to develop new activities and
products - crucial to their survival and relative growth. During 2007-09 firms less than five
years old filing at least one patent application represented on average 25% of all patenting
firms, and generated 10% of patent applications. The share of young patenting firms varies
considerably across countries, led by Ireland (42%) and followed by the Nordic economies.

Mapping knowledge and innovation flows is a complex endeavour; it requires a data
infrastructure that allows linkages between actors, outputs and outcomes. Large datasets
have been linked together to develop new indicators for the 2011 edition of the
STI Scoreboard, such as those that look at the fields of science that new technologies draw
upon or the demographic characteristics of innovative firms. By exploiting OECD'’s
“harmonised” Input-Output tables and bilateral trade data, world production value chains
have been investigated and international transfers of “embodied” CO, emissions revealed.
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Several “traditional” indicators have been re-engineered to change the perspective of
international comparisons, e.g. business R&D intensities adjusted by industry structure or
new indicators of the impact of scientific output based on counts of citations received.
Finally, some experimental indicators are proposed such as quantitative estimates of R&D
tax incentives and indicators of public funding “modes” (institutional versus project
funding). While international comparisons based on these indicators need to be
interpreted with caution, they are a step towards new insights into areas of policy interest.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY SCOREBOARD 2011 © OECD 2011
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This chapter presents a range of indicators that highlight the long-term trends and
characteristics of global knowledge economies. It addresses the following questions: What are the
features of today’s economic landscape? What have been the sources of growth and productivity in
the last two decades and what is the role of knowledge in our economies? Who are the emerging
players? How dispersed or how concentrated are economic and innovation activities? How
intertwined are the actors in the innovation system and how “collaborative” is the innovation
process? What are the main challenges for knowledge economies in the coming years? How fast
are the accumulation and spread of technology and innovation today? Indicators accompanied by
short texts develop a narrative to help policy makers understand knowledge and innovation today.
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GDP growth and the crisis

Today’s world faces some extraordinary challenges and the effects of the economic downturn will be felt by our
societies for years to come. A traditional measure used to gauge nations’ welfare is gross domestic product (GDP)
per capita. Changes in this measure can result from changes in labour productivity (GDP per hours worked) and
labour utilisation (hours worked per person employed and employment per capita). Slowing labour productivity
was already eroding growth performance prior to the crisis, and data for 2007-09 show the effect of the downturn
on labour and capital. In 2010 widespread growth signalled the start of a global recovery. However, the pace of
recovery varies among OECD countries and unemployment remains high in most. This condition creates an
imperative for countries to find new and sustainable sources of growth.

Decomposition of growth in GDP per capita, 2001-07, 2007-09 and 2009-10

Total economy, percentage change at annual rate
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Growth in GDP per capita = Growth in labour productivity + Growth in labour utilisation
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Source: OECD, Productivity Database, June 2011. See chapter notes.
Statlink sw=r http://dx.doi.org/10.1787/888932484740
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Productivity convergence

Over the 1980s and into the early 1990s, labour productivity grew faster in Japan than in the United States, owing
in part to longer working hours per employee. It accelerated in the United States in the second half of the 1990s
to 2.5%, and a new gap emerged, notably with the euro area. After 2003 the salient feature was downwards
convergence so that, by 2007, all major OECD areas had a similar productivity growth rate of around 1% to 2%.
In 2008 a new gap appeared, with productivity growth in the United States of about 1.1%, while productivity
slowed significantly in the aftermath of the crisis in Japan and the euro area, to then bounce back in 2010 to 2.9%
and 1.1%, respectively. In 2009, after 20 years of a persistent gap in both GDP and labour productivity compared
with the upper half of OECD countries, the BRIICS (Brazil, the Russian Federation, India, Indonesia, the People’s
Republic of China and South Africa), particularly China, were showing a positive trend, albeit with a significant
gap remaining.

Labour productivity growth, total economy level, 1985-2010
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Source: OECD, Productivity Database, June 2011. See chapter notes.
Statlink sw=7 http://dx.doi.org/10.1787/888932484759

GDP per capita and labour productivity in the BIICS, 1991-2009
Gap with respect to the average of the upper half of OECD countries, percentage points
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Source: OECD (2011), Economic Policy Reforms 2011: Going for Growth, OECD Publishing, Paris; based on World Bank, World Development
Indicators (WDI) and ILO, Key Indicators of the Labour Market (KILM) Databases, 2010.
Statlink sw=7 http://dx.doi.org/10.1787/888932484778
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Employment in the crisis

Between 2008 and 2009, in the immediate aftermath of the crisis, the OECD as a whole suffered a net loss in employed
persons of about 11 million, a 2% drop. Half of these losses occurred in the United States. An increase in employment
of 3.2 million in OECD “Community, social and personal services” only partly offset a fall of 14.2 million in other
sectors. Manufacturing was the hardest hit, with significant declines in all OECD countries. The construction sector
was most affected in Chile, Estonia, Iceland, Ireland, Greece and Spain. For finance and business services, losses were
particularly significant in France, Japan, the Netherlands, the United Kingdom and the United States. The wholesale,
retail, hotel and transport sectors remained unscathed in very few OECD countries.

Where people lost their jobs, 2008-09

Relative contribution to change in total employment by major sectors of economic activity
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Source: OECD, Structural Analysis (STAN) Database, OECD National Accounts (SNA) Database and national statistical institutes, June 2011.
See chapter notes.
Statlink sz=m http://dx.doi.org/10.1787/888932484797
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A corrigendum has been issued for this page. See: http://www.oecd.org/dataoecd/26/8/48742541 .pdf
For many OECD countries, significant losses in employment continued well into 2010. Available data for Europe
show that countries such as Denmark, Estonia, Greece, Ireland and Spain endured further falls of more than 2%
compared to 2009.

Where people lost their jobs in Europe, 2009-10

Relative contribution to change in total employment by major sectors of economic activity
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Source: OECD, National Accounts (SNA) Database and national statistical institutes, June 2011. See chapter notes.
Statlink sz=m http://dx.doi.org/10.1787/888932484835

How to read these figures

To assess the impact of the recent economic crisis on employment in different sectors of activity, sectoral changes in levels of
employment can be “normalised” in order to highlight their relative contributions, within each country, to the total change in
employment between 2008 and 2009. This is achieved, for each country, by expressing the sectoral changes as a percentage of the sum of
the absolute changes. The aggregate activity groups are defined according to ISIC Rev. 3 Classes 01-05, 10-41, 45, 50-64, 65-74 and
75-95 respectively. The source data provided to the OECD are defined according to ISIC Rev. 3. However, for France, Iceland and
Switzerland the recent national data published with NACE Rev. 2 (ISIC Rev. 4) breakdowns have been used.

The gains and losses, in thousands, represent respectively the sum of the aggregate sectors with positive changes and the sum of the
aggregate sectors with negative changes. With a finer activity breakdown (for example, 2-digit ISIC Rev. 3) the estimates for total gains
and losses would be different. For example, within the losses noted for Finance, insurance, real estate and business services (65-74),
certain (2-digit) business services may have experienced modest gains in employment. However, given the widespread falls across
activities between 2008 and 2009, using 2-digit data (if available) would not make a notable difference to the analysis.

The employment data are mostly drawn from National Accounts (SNA) sources and are measured in terms of persons except for Canada,
Japan and New Zealand where figures for jobs are provided. Care should be taken when comparing the changes in structural employment
in these three countries with the others. In general, for countries that provide employment measured in both persons and jobs, loss of
jobs outnumbered loss of employed persons, as people switched to part-time work, job sharing, etc. For example, while the United States
lost about 6.5 million jobs between 2008 and 2009, in terms of persons the drop is closer to 5.5 million.
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New sources of growth: intangible assets

Innovation results from more than investment in research and development (R&D). It requires complementary
assets such as software, human capital and appropriate organisational structures. Investment in such intangible
assets is rising and even exceeds investment in physical capital (machinery and equipment) in Finland, the
Netherlands, Sweden, the United Kingdom and the United States.

Investment in fixed and intangible assets as a share of GDP, 2006
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Note: Estimates are based on national studies. They do not reflect standardised methods and definitions.

Source: OECD, data on intangible investment are based on COINVEST, www.coinvest.org.uk and national estimates by researchers. Data for fixed
investment are OECD calculations based on OECD, Annual National Accounts and EU KLEMS Databases, March 2010. See chapter notes.
Statlink =7 http://dx.doi.org/10.1787/888932484854

What do we mean by “intangible assets”?

Sometimes referred to as “knowledge assets” or “intellectual capital”, intangible assets have been defined as “claims on future benefits
that do not have a physical or financial embodiment” (Lev, 2001). Much of the focus has been on R&D, key personnel and software, but
the range of intangible assets is considerably broader. One classification, offered by Corrado, Hulten and Sichel (2006), groups intangible
investments into three main types: computerised information (such as software and databases); innovative property (such as scientific
and non-scientific R&D, copyrights, designs, trademarks); and economic competencies (including brand equity, firm-specific human
capital, networks of people and institutions, the organisational know-how that increases enterprise efficiency, and aspects of advertising
and marketing). Using this paper as their basis, researchers in several countries have computed aggregates for intangible investment.
Some intangibles - software and, more recently, R&D - are now recognised by the international statistical community as capital assets
and will be accounted for in the System of National Accounts (see the OECD Handbook on Deriving Capital Measures of Intellectual Property
Products, 2010). More work is needed to harmonise the definition of intangible assets and collect data on an internationally comparable
basis so as to better identify and measure new sources of growth.
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Intangible assets and productivity

A new stream of research argues that firms’ investment in intangible assets contributes to their output growth
not only in the present but also in future years. Estimates of the contribution of intangible assets to growth of
labour productivity show that, in some countries, these explain a significant portion of multi-factor productivity
growth (a measure of technological change and of our inability to properly measure economic performance).

Labour productivity growth: adding the contribution of intangible assets, 1995-2006
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Note: Estimates based on national studies. They do not reflect standardised methods and definitions.

Source: OECD, based on research papers, 2009. See chapter notes.
Statlink sw=r http://dx.doi.org/10.1787/888932484873

How to read this figure

What happens when investment in intangible assets other than software is included in estimates of GDP and added to the breakdown of
labour productivity growth? In this case GDP is roughly expected to increase by the equivalent of investment in those intangibles,
adjusted for trade in intangibles. The contribution of physical capital (machines and information and communication technologies, ICT)
to labour productivity growth declines because investment in software becomes part of the investment in intangible assets. Multi-factor
productivity (MFP) reflects efficiency in the use of labour and capital inputs, for example through improvements in the management of
production processes, organisational change or more generally, R&D and innovation. MFP declines as investment in R&D and in other
intangible assets related to innovation is accounted for as a distinct source of growth: “intangible capital deepening”. Although the
comparability of these estimates is still poor, owing to differences in data sources, methodologies and assumptions for deflators and
depreciation rates, they are a first step in recognising the importance for growth of investment in intangible assets.
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FDI shifting east

Foreign direct investment (FDI) provides recipient countries with access to new technologies and generates
knowledge spillovers for domestic firms and additional investment in research and development (R&D). In the
last 15 years FDI flows have tripled. FDI inflows to Europe still exceed those to the rest of the world, but FDI flows
to China and the rest of South-East Asia have leapt from an average of about USD 50 billion a year in 1995-99 to
about USD 150 billion a year in the latest period. The United States remains the biggest recipient and investor,

with China set to become the second largest FDI recipient.

Foreign direct investment inflows, 1995-99, 2000-04 and 2005-09
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During the period 2003-09, EU countries invested four times as much in the BRIICS economies as the
United States or Japan. European direct investment in China averaged USD 6.5 billion a year, 75% more than that
from the United States, and over USD 9 billion a year in Brazil, four times that from the United States. In the
meantime, international direct investment by the BRIICS themselves increased substantially as these economies
became more integrated in the global economy. Average outward flows from China increased nine-fold between
the early and late 2000s while those of India increased more than seven-fold.

Outward foreign direct investment flows from EU, Japan and the United States to BRI*CS (“India),
yearly average 2003-09

USD billions at current exchange rates

Outward FDI flows
(USD billions at current exchange rates)
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Source: OECD calculations based on OECD, International Direct Investment Database, May 2011. Map source: ARTICQUE® - all rights
reserved. See chapter notes.
Statlink sz http://dx.doi.org/10.1787/888932484911

Foreign direct investment outward flows from BRIICS, 1994-97, 2002-05 and 2006-09

Yearly averages

Il Average 2006-09 <> Average 2002-05 A Average 1994-97
USD billions at current exchange rates
40
35
30
25
20
15 |
10 | <
|
. . s X e e
RUS CHN IND BRA IDN ZAF

Source: IMF, Balance of Payments Statistics, June 2011. See chapter notes.
Statlink sw=r http://dx.doi.org/10.1787/888932484930
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Emerging players in high-technology trade

Unsurprisingly, the crisis negatively affected the value (and volume) of manufacturing trade in the OECD area. A
look at broad trends by technology intensity indicates that the value of OECD manufacturing trade was
essentially driven by high-technology manufactures from the second half of the 1990s to the mid-2000s. Early
in 2005, OECD trade in high-technology manufactures started to drop to around the same level as trade in
medium-high-technology manufactures; at the same time, trade in medium-low-technology industries rose
sharply. The peak in the value of trade in medium-low-technology manufactures was partly due to the increase
in prices for oil, petroleum products and basic metals, notably those required for the manufacture of ICT goods.

OECD manufacturing trade by technology intensity, 1995-2009
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Source: OECD, STAN Bilateral Trade Database, May 2011. See chapter notes.
Statlink su=m http://dx.doi.org/10.1787/888932484949
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In the BRIICS, high-technology manufacturing trade has increased continuously in the last 20 years and now
represents about 30% of their total manufacturing trade, compared to 25% for the OECD area.

BRIICS manufacturing trade by technology intensity, 1995-2009
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Source: OECD, STAN Bilateral Trade Database, May 2011. See chapter notes.
Statlink sw=7 http://dx.doi.org/10.1787/888932484968

What is technology intensity?

The OECD classification for manufacturing industries (high, medium-high, medium-low and low technology) is based on indicators of
direct and indirect R&D intensity and reflects to some degree technology-producer aspects. The analysis of trade flows by technology
intensity requires allocating each product to an industry. This classification has some limitations since some products from a
high-technology industry do not necessarily have only high-technology content.
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Global value chains and world trade

The pace and scale of today’s globalisation process is unprecedented. Its distinctive features are increasing
international trade, deepening economic integration, especially in emerging economies, and greater geographic
fragmentation of production processes and more complex global value chains. A new OECD database provides
estimates of bilateral trade broken down by industry and end-use categories. It reveals how much a country’s
exports satisfy foreign household consumption or how much they are used in production processes in foreign
countries, either as intermediates or as capital goods (machinery and equipment).

World trade by end use, 1995

Breakdown of world exports of goods by originating region and end use category, percentage
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Source: OECD, Bilateral Trade Database by Industry and End-Use Category (forthcoming). See chapter notes.
Statlink sz=m http://dx.doi.org/10.1787/888932484987

How to read this figure

The width of each bar is proportional to the value of each region’s total manufacturing exports. The height of each category,
e.g. household consumption, is proportional to the share of that end-use category in each region’s exports. Converting commodity-based
statistics into industry and end-use based figures presents certain challenges. For example, personal computers and passenger cars can
be both consumer and investment goods: 6-digit HS codes do not give information on the final purchaser. As a result, it is hard to tell
whether a computer exported from country A to country B is eventually purchased by a household for final consumption or by an
enterprise as investment. For this reason, personal computers and passenger cars are shown separately.
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In 1995 the value of China’s exports was USD 148 billion, of which 60% was destined for final consumption.
By 2009, the value of China’s exports had increased more than tenfold from USD 148 billion to USD 1 529 billion
and the structure of its exports had changed substantially. The last 15 years have seen increased trade in primary
resources such as energy inputs, a more than tenfold increase in the value of exports from China, and China’s
increased role as an exporter of high-end intermediates and capital goods. OECD countries’ share of world
exports declined from 75% to 60%.

World trade by end use, 2009

Breakdown of world exports of goods by originating region and end use, percentage
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Source: OECD, Bilateral Trade Database by Industry and End-Use Category (forthcoming). See chapter notes.
Statlink su=m http://dx.doi.org/10.1787/888932485006

The new BTDIXE

World production value chains can be mapped by combining world trade data and multi-country input-output (I-O) tables. The OECD
STAN Bilateral Trade Database by Industry and End-Use Category (BTDIXE) is a step in that direction. It provides estimates (1990-2009) of
the values of imports and exports of goods by industrial sectors and by end-use categories (e.g. use for final consumption or as
intermediate inputs into production). BTDIXE is built by applying standard conversion keys to map products (according to
HS classifications) to ISIC Rev. 3 industries and to the Broad Economic Categories (BEC) classification. It provides a first glimpse as to
where countries are on industry value chains by identifying which categories of goods are imported and from whom and where the final
products for household consumption and investment go. Linking with OECD’s industry by industry “harmonised” I-O databases could
provide more insight into end use and eventually highlight the origins of value added in internationally traded goods.
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Increasing global interdependencies

The time when all stages of production of final goods took place within an economy, and only raw materials were
imported as intermediate inputs, is long gone. Today, companies exports various stages of production of many
final goods, and now services, across many economies. This international fragmentation of production has
ballooned in the last two decades to become truly global, and many economies’ production processes have
become vertically specialised for a range of goods and services. To begin to understand this development it is not
enough to compare direct imports to measures of domestic production. For example, a computer manufacturer
who imports components may also purchase components from domestic manufacturers who have used imports
in their production processes. In that case, the computer manufacturer’s imports may contain elements
produced in its economy.

Import content of exports for selected economies and regions, 1995

By economy/region of origin of imports, USD millions, at current prices
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Source: OECD, STAN Input-Output Database, May 2011; STAN Bilateral Trade by Industry and End-Use Category (forthcoming); map
source: ARTICQUE® - all rights reserved. See chapter notes.
Statlink sw=r http://dx.doi.org/10.1787/888932485025

How to read this figure

The size of the bubble represents the total amount of imports, direct and indirect, embodied in an economy’s, or a region’s, total exports
of goods and services for final demand (e.g. household and capital consumption). Percentages indicate the share of that “import content
of exports” in total exports. This is broken down to reveal the origin of the imported (intermediate) content (arrows). For example, the
import content of Chinese exports for final demand is estimated to have increased from 15.2% to 27.4% between 1995 and 2005.
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The vertical specialisation measure, import content of exports, tries to reflect the resulting interdependencies by
determining, via input-output tables linked to bilateral trade statistics, the extent to which imported inputs, both
direct and indirect, contribute to an economy’s exports. For most economies, the presence of embodied imports
in exports has increased in the last decade (size of the bubbles). Their origins have changed, a clear sign of
growing and evolving interdependencies. For example, while in recent years China has increasingly relied on
imports (notably from Europe, Japan and other OECD economies) to produce final goods for export, other
economies (such as Japan) have seen significantly more content of Chinese origin embodied in their exports of
final goods.

Import content of exports for selected economies and regions, 2005
By economy/region of origin of imports, USD millions, at current prices
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Source: OECD, STAN Input-Output Database, May 2011; STAN Bilateral Trade by Industry and End-Use Category (forthcoming); map
source: ARTICQUE® - all rights reserved. See chapter notes.

Statlink sw=r http://dx.doi.org/10.1787/888932485044
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Increasing specialisation

Over the last three decades countries’ economies have increasingly relied on fewer sectors. The Hannah-Kay
(HK) index reflects sectors’ contributions to a country’s GDP and accounts for the extent to which economies are
influenced by larger sectors. A falling HK correspond to rising economic specialisation. G7 countries appear to
have become increasingly specialised since the 1970s, with Canada the only G7 country to experience periodic
bursts of diversification. In contrast, Korea’s HK index partially reflects the development path previously
travelled by G7 countries — early increasing diversification (into industry and services), peaking in the late 1980s,
before embarking on gradual specialisation as its new comparative advantages became evident.

Diversification index (Hannah-Kay) for selected countries, 1978-2009
Sectoral concentration measured by shares of sectors in total value-added, current prices

x > 10: Diversification 6 < x < 10: Moderate diversification X < 6: Moderate specialisation
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Source: OECD, Structural Analysis (STAN) Database, May 2011. See chapter notes.
Statlink sw=r http://dx.doi.org/10.1787/888932485063

How to read this figure

The figure uses the HK(2) index, which corresponds to the inverse of the Herfindahl Index. It relies on 20 sectors and takes values ranging
from 1 to 20. According to the measure used, countries can be considered diversified for values of HK(2) greater than 10, moderately
diversified for HK(2) values between 10 and 6, moderately specialised for HK(2) values between 6 and 4, and specialised for values smaller
than 4.

What happens to major sectors in the economy?

Between 1978 and 2009 business activities and the real estate sector grow — in Korea up to 2.6 times its initial value. The importance of
agricultural activities generally decreases, as does the manufacturing of textile and leather products. At the beginning of the period the
top sectors’ shares of GDP range between 15% and 22%,; by the time countries specialise the top sectors’ share account for 22% to 34% of
total value added. Countries’ top-scoring sectors seldom remain the same over time, even if there is a general tendency for
manufacturing activities to lose importance progressively as compared to services. Korea is an exception, as the importance of the
transport equipment industry was multiplied by 4.2. The patterns observed for Canada and Korea mirror changes over time in the relative
importance of sectors. For instance, in Canada the share generated by mining and quarrying halved during 1978-98 (from almost 8% to
4% of GDP), and increased constantly from 1999 onwards (to almost 11% in the 2007). In Korea, experimentation in the form of alternate
phases of rise and fall characterise many sectors, including electricity, gas and water supply; construction; and financial intermediation.
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Global manufacturers

Manufacturing activities have globalised over the last 20 years. In 1990 the G7 accounted for two-thirds of world
manufacturing value added but now accounts for less than half. By 2009 China had almost caught up with the
United States in manufacturing production, and the role of Brazil and India among world manufacturers is now the
same as Korea’s. As manufacturing production declines in OECD economies, the contribution of services to GDP
rises: it now represents 70% of OECD value added. In contrast to OECD economies, the industrial sector in the
BRIICS has expanded by more than 4% largely in the last 20 years, owing to a shrinking agriculture sector (-7%).
This trend is accompanied by the rising importance of the services sector in the Russian Federation, China and
India, following income growth and increased participation in global trade.

Top manufacturers in the last 20 years, 1990, 2000 and 2009
Percentage share of total world manufacturing value added
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Source: United Nations Statistical Division, National Accounts Main Aggregates Database, May 2011.
Statlink sz http://dx.doi.org/10.1787/888932485082

Composition of GDP in OECD and BRIICS countries, 2008
Value added of major activity groups as a percentage of total industry value added
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Source: OECD, Structural Analysis (STAN) Database, May 2011; OECD, National Accounts Database and national statistical institutes,
May 2011. See chapter notes.
Statlink =7 http://dx.doi.org/10.1787/888932485101
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R&D and innovation in the crisis

R&D (research and development) expenditure is an investment aimed at new knowledge, products or processes.
Funding may come from government or business. Government-funded R&D aims mainly at producing new
fundamental knowledge or satisfying social needs such as health or defence and is not expected to affect
productivity as currently measured. Business-funded R&D is typically oriented towards new processes and new
products and is expected to increase productivity when successful. It is normally mildly pro-cyclical, i.e. it is
affected by the business cycle, as it is subject to financing constraints (the availability of cash limits R&D
expenditures, as high risk and little collateral make financial markets reluctant to fund R&D). The most recent
data show that trademark activity has been strongly affected by the economic crisis, with a marked drop in
finance- and insurance-related trademarks at the US Patent and Trademark Office (USPTO) from mid-2007.
Goods and other services trademark activity turned down with the cycle and then up with the cycle at the
beginning of 20009.

R&D growth over the business cycle by source of financing, OECD area, 1982-2008
Average annual real growth rate, percentage
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Source: OECD, Main Science and Technology Indicators Database, June 2011.
Statlink sz=m http://dx.doi.org/10.1787/888932485120

US gross domestic product and trademark applications at the USPTO, 1999-2011

Comparing cycles, by type of trademarks, percentage deviation from the long-term trend
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Source: OECD, based on USPTO, Trademark Electronic Search System (TESS), May 2011; and OECD, Quarterly National Accounts Database,

May 2011. See chapter notes.

Statlink sw=7 http://dx.doi.org/10.1787/888932485139
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Financing innovation

Access to finance for new and innovative small firms involves both debt and equity finance. Even before the
recent financial crisis, banks were reluctant to lend to small, young firms. The financial crisis widened the
existing gap for seed funding and early-stage financing, as venture capital firms moved to later-stage
investments where risks are lower. Angel investors are often experienced and successful entrepreneurs or
business people. As more and more venture capitalists have moved to later-stage financing to reduce risk, the
role of angel financing has grown.

Venture capital investment in the United States (1995-2010) and in Europe (2005-09)
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Source: OECD, calculations based on PwC/National Venture Capital Association MoneyTree, EVCA/PEREP_Analytics and EVCA/Thomson
Reuters/PwC, March 2011. See chapter notes.
Statlink sw=7 http://dx.doi.org/10.1787/888932485158

Investment by business angel groups/networks in the United States and Europe, 2006-09
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Source: OECD, calculations based on ACA (Angel Capital Association) and networks surveyed by EBAN (The European Trade Association
for Business Angels, Seed Funds, and other Early Stage Market Players), March 2011. See chapter notes.
StatLink sw=r http://dx.doi.org/10.1787/888932485177
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The global landscape of R&D players

The United States, with nearly USD 400 billion of intramural R&D expenditures in 2008, performs the most
research and development (R&D). It is followed by China with nearly one third of that value (in current
purchasing power parity terms), just ahead of Japan. The combined European Union accounts for nearly three
quarters of the US R&D total. Non-OECD economies account for a growing share of the world’s R&D, measured in
terms both of total researchers and R&D expenditures. Personnel costs, which include researcher costs, account
in most economies for the largest share of R&D expenditures. This explains the close relationship between R&D
as a percentage of GDP and number of researchers as a percentage of total employment. Finland exhibits the
highest research intensity on both measures. Variations can be related to differences in the price of R&D inputs,
such as researcher costs, the pattern of R&D specialisation and the requirements in terms of capital expenditure,
and the possibility that some countries may be developing their research infrastructure for future use.

R&D in OECD and non-OECD economies, 2009 or latest available year
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Source: OECD, Main Science and Technology Indicators Database, June 2011. See chapter notes.
Statlink sw=r http://dx.doi.org/10.1787/888932485196

OECD SCIENCE, TECHNOLOGY AND INDUSTRY SCOREBOARD 2011 © OECD 2011


http://dx.doi.org/10.1787/888932485196

1. KNOWLEDGE ECONOMIES:

The changing landscape of innovation

A shift in the policy mix for R&D

Governments can choose among various tools to leverage private-sector R&D. They can procure R&D from
companies, provide direct support via grants or loans, or use fiscal incentives, such as R&D tax credits or
allowances. Direct R&D grants/subsidies target specific projects with potentially high social returns: tax credits
reduce the marginal cost of R&D activities and allow private firms to choose which projects to fund. Today, 26 out
of 34 OECD countries and a number of non-OECD economies have R&D tax incentives in place. New estimates of
the cost of R&D tax incentives and data on the value of direct public funding to support business R&D show that
some countries provide more indirect than direct support (e.g. Denmark and Portugal) while others provide
relatively greater direct support (e.g. the United States and the United Kingdom). In recent years there appears to
have been a general shift towards greater reliance on R&D tax incentives, as revealed by the number of countries
located above the 45-degree line. This shift has been particularly marked for Canada, Portugal and Belgium.
Several countries are considering introducing new tax incentives or increasing the generosity of their schemes.

R&D tax incentives versus direct support to business R&D, 2004 and 2009
Cost of foregone tax revenues on R&D for USD 1 of direct support

Direct and indirect tax government funding of business R&D, as a percentage of GDP, 2009
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Source: OECD, based on OECD R&D tax incentives questionnaires, January 2010 and June 2011; and OECD, Main
Science and Technology Indicators Database, June 2011. See chapter notes.
Statlink sz http://dx.doi.org/10.1787/888932485215

How to read this figure

The figure charts a country’s balance of support in 2004 (X axis) and 2009 (Y axis). Countries with a value higher than one place relatively
more emphasis in their support mix on R&D tax incentives. A country located above the 45 degree line should be interpreted as having
increased its ratio of tax to direct support funding over the period. The size of the bubbles represent the combined volume of support for
business R&D (the sum of the figures for government-funded business R&D and the reported cost of R&D tax incentives) relative to GDP.
For example, having further increased its relative preference for tax incentives over direct support for business R&D, Canada has a high
value of total support relative to GDP.
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The growth and use of the Internet

The Internet has become a critical infrastructure that supports businesses, consumers/users and the public
sector. It continues to experience remarkable growth, from 72 million hosts in 2000 to over 730 million in 2010.
According to CISCO traffic over the Internet has grown exponentially since 1984 to reach just over
20 000 Petabytes (PB) a month in 2010. It has increased eightfold since 2005. Greater online interactivity and the
willingness to share, contribute and create online communities are changing media consumption habits of
Internet users, in particular among younger age groups. Various social networking sites have emerged in recent
years. Among the most popular are Facebook, MySpace and Twitter, while Orkut is one of the most visited
websites in India and Brazil. On average, 50% of Internet users in OECD countries declared having a social
networking activity in 2010. Blogs, wikis, podcasting, tagging technologies and techniques from community and
social networking sites can help to advance product development and raise the quality of interactions with users
and consumers. They also lead to the creation of virtual goods and services. It is not always clear how consumer
protection laws apply in these new environments. New uses of the Internet have raised privacy concerns among
consumer groups and privacy advocates, particularly with respect to the collection and use of consumers’ and
children’s personal information.

Global Internet Protocol (IP) traffic, 2005-10
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Source: Cisco Visual Networking Index (VNI). See chapter notes.
Statlink sz=m http://dx.doi.org/10.1787/888932485234

New uses of the Internet: social networking and health information, 2010

Individuals having used Internet for social networking and seeking health information as a percentage of Internet users
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Source: OECD, ICT Database, May 2011; and Eurostat, Community Survey on ICT usage in Households and by Individuals, April 2011.
See chapter notes.
StatLink =7 http://dx.doi.org/10.1787/888932485253

OECD SCIENCE, TECHNOLOGY AND INDUSTRY SCOREBOARD 2011 © OECD 2011


http://dx.doi.org/10.1787/888932485234
http://dx.doi.org/10.1787/888932485253

1. KNOWLEDGE ECONOMIES:

The changing landscape of innovation

Smart infrastructures

Mobile devices, always-on broadband connections and virtualised hosts on a single computer have greatly
increased the demand for IP addresses. However, the Internet was originally designed as a research network, and
its subsequent widespread commercialisation and expansion has meant that the Internet Protocol, IPv4, is now
insufficient to meet today’s needs. In fact the central pool of unused IPv4 addresses ran out in February 2011 and
the Regional Internet Registries (RIRs) are expected to assign the remaining IPv4 addresses relatively soon. IPv6,
which was designed to succeed IPv4 and whose deployment began in 1999, provides significantly greater address
space. However, its implementation remains slow, and considerable challenges must be met to achieve a
complete and successful transition. The costs of deployment of IPv6 and the need for a critical mass of actors to
adopt the new protocol are the main hurdles. Experience to date indicates the need for increased awareness and
the commitment of the necessary resources.

Routed IPv4 addresses per country, year end 2010
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Source: OECD (2011), OECD Communications Outlook 2011, OECD Publishing, Paris. Based on data from the RIRs and Potaroo (www.potaroo.net).
See chapter notes.
Statlink sz=m http://dx.doi.org/10.1787/888932485272

OECD countries with IPv6-enabled networks, 2010
Percentage of autonomous systems supporting IPv6
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Source: OECD (2011), OECD Communications Outlook 2011, OECD Publishing, Paris. Based on Potaroo (www.potaroo.net). See chapter notes.
Statlink sz http://dx.doi.org/10.1787/888932485291
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High impact universities

World-wide, the 50 universities with the highest impact - in terms of normalised citations to academic
publications across all disciplines — are concentrated in a handful of economies. Overall, 40 of the top 50 are
located in the United States, with the rest in Europe. A more diverse picture emerges on a subject-by-subject
basis. The United States accounts for less than 25 of the top 50 universities in social sciences, a field in which the
United Kingdom plays a key role. The universities producing the top-rated publications in the areas of Earth
sciences, environmental science and pharmaceutics are spread across economies. There is evidence that
universities in Asia are emerging as leading research institutions: China has six in the top 50 in Pharmacology,
Toxicology and Pharmaceutics. The Hong Kong University of Science and Technology is among the top
universities in computer science, engineering and chemistry. In the United States, some universities excel in a
wide range of disciplines. Stanford University features among the top 50 for all 16 subject areas, and 17 other US
universities feature in the top 50 in at least 10 scientific fields.

University hotspots — geographical distribution of highest impact institutions, 2009
Location of top-50 universities by main subject areas
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June 2011. See chapter notes.

Statlink sz http://dx.doi.org/10.1787/888932485310

How to read this figure

The X axis (note that the value starts at 20) shows the geographic distribution of the top 50 universities in the main subject areas (Y axis)
according to their normalised impact. The publication threshold set for the institutions is at least 100 documents in 2009. The normalised
impact is the ratio between the average number of citations received by a specific unit and the world average of citations in the same time
period, document type and subject area, i.e. the normalisation is done at the level of the individual article. If an article belongs to several
subject areas a mean value of the areas is calculated. The normalised impact of these institutions is calculated for 2003-09.
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Regional innovation hotspots

Many of the leading firms in knowledge-intensive industries — such as information and communication
technologies (ICT) and the life sciences — have emerged in a limited number of regions. Such regions appear to
provide particularly conducive environments for business innovation. Much of the effort of policy makers in
other regions aims to replicate or nurture the positive environmental conditions that the best-performing

regions offer.

Innovation hotspots in ICT, biotechnologies and nanotechnologies, 2006-08
Top patenting regions by technology field as a percentage of the country’s patents in the field
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Statlink sz http://dx.doi.org/10.1787/888932485329
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Rising innovation in services

The average share of trademark applications relating to service classes has increased over the last decade from 32%
to 39% in all economies except South Africa and Iceland. Most service trademarks are related to knowledge-intensive
activities, particularly in emerging countries such as Indonesia and Brazil. Trademarks can be R&D-related. For
example “Siemens climate solution” covers research and development consultancy services in the fields of electrical
engineering, electronics, information technology, medical engineering, physics, chemistry and mechanical
engineering.

Service-related trademarks applications at USPTO and OHIM, OECD and BRIICS, 1997-99 and 2007-09
As a percentage of total trademark applications at OHIM and USPTO
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Source: US Patent and Trademark Office (2011), “The USPTO Trademark Casefile Dataset (1884-2010)"; OHIM Community Trademark
Database; CTM Download, April 2011. See chapter notes.
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Trademarks in knowledge-intensive services, OECD and BRIICS, 2007-09
As a percentage of total service-related trademarks
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Innovation everywhere

New indicators on trademarks point to large numbers of incremental and marketing innovations and suggest
that countries perform both technological and non-R&D-based innovation. Countries with a large
manufacturing sector or an ICT specialisation have a greater propensity to patent than to “trademark”. Countries
with a large services sector tend to engage more in trademark protection. Countries in the process of catching-up
have a lower propensity to innovate or to seek protection for their innovations (via patents or trademarks) than
OECD countries.

Patents and trademarks per capita, 2007-09
Average number per million population, OECD and G20 countries

Trademarks abroad per capita
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Source: OECD, Patent Database, May 2011; US Patent and Trademark Office (2011), “The USPTO Trademark Casefile Dataset (1884-2010)";
OHIM Community Trademark Database; CTM Download, April 2011; JPO Annual Reports 2008-2010. See chapter notes.
Statlink =7 http://dx.doi.org/10.1787/888932485386

What is a triadic patent?

Triadic patent families are defined as patents applied for at the European Patent Office (EPO), the Japan Patent Office (JPO) and the
US Patent and Trademark Office (USPTO) to protect a same invention. Triadic patents are typically of higher value and eliminate biases
from home advantage and the influence of geographical location.

What is a trademark “abroad”?

Trademark counts are subject to home bias, as firms tend to file trademarks in their home country first. Trademarks abroad correspond
to the number of applications filed at the USPTO, the Office for Harmonisation in the Internal Market (OHIM) and the JPO, by application
date and country of residence of the applicant. For the United States, EU members and Japan, counts exclude applications in their
domestic market (USPTO, OHIM and JPO respectively). Counts are rescaled taking into account the relative average propensity of other
countries to file in those three offices.

Why use trademarks as indicators of innovation?

A trademark is a sign used to distinguish the goods and services of one undertaking from those of other undertakings. Firms use
trademarks to signal novelty and to appropriate the benefits of their innovations when they launch new products on the market. The
number of trademark applications is highly correlated with other innovation indicators. With their very broad perimeter of applications,
they convey information on product innovations but also on marketing and services innovations. Because the data relating to trademark
applications are publicly available immediately after the filing, trademark-based indicators can provide very timely information on the
level of innovative activity.
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Innovation today

Intensifying collaboration in research

New players are emerging in the research landscape (the size of the bubble reflects the number of scientific
publications) and collaboration is intensifying (the thickness of the link reflects the intensity of collaboration,
i.e. co-authorships).

Scientific articles and co-authorship, 1998 and 2009
Numbers based on whole counts

1998

KOR

2009

Source: OECD, calculations based on Scopus Custom Data, Elsevier, December 2010.
Statlink sw=r http://dx.doi.org/10.1787/888932485405
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Innovation today

The impact of scientific collaboration

The production of scientific knowledge is shifting from individuals to groups, from single to multiple
institutions, and from a national to an international scope. Researchers are increasingly networked across
national and organisational borders. Greater scientific specialisation and cross-border collaboration can result in
increased innovation. Because they draw on a larger pool of expertise, international research collaborations can
be expected to have a bigger impact in terms of citations of scientific publications. Differences across countries
suggest a positive relationship between measures of research openness and scientific impact, the latter proxied
by the average normalised citation index.

The impact of scientific production and the extent of international scientific
collaboration, 2003-09
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Source: OECD and SCImago Research Group (CSIC) (forthcoming), Report on Scientific Production, based on Scopus
Custom Data, Elsevier, June 2011. See chapter notes.
Statlink sz http://dx.doi.org/10.1787/888932485424

How to measure the impact of scientific collaboration

To measure the impact of scientific publications it is possible either to use the citations received by an article or to assess its quality on
the basis of the level of citations relative to the record of the journal in which the article is published. Here, the focus is on publications
and citations received in 2003-09. The normalised impact is the ratio between the average number of citations received by the documents
published by a specific unit (country, institution and author) and the world average of citations of the same time period, document type
and subject area. The normalisation of citation values is item-oriented, i.e. carried out at the level of the individual article. If an article
belongs to several subject areas, a mean value of the areas is calculated. The values show the relationship of the unit’s average impact to
the world average, which is 1, i.e. a score of 0.8 means the unit is cited 20% below average and 1.3 means the unit is cited 30% above
average. Although article citation has the advantage of focusing directly on the impact of the articles examined, citation takes time,
particularly in some disciplines. The more time allowed to measure the impact, the less timely the indicator becomes.

How to read this figure

Bubbles plot a country’s share of articles resulting from international collaboration - as implied by the share of domestic articles
co-authored with individuals affiliated with foreign institutions — against the normalised impact of its publications. The size of the
bubbles represents the volume of scientific production, with the United States and China the largest producers of scientific output.
Switzerland has both a high share of international scientific collaboration and average impact, although its total output volume is
smaller than that of countries such as France or the United Kingdom.
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Innovation today

International collaboration in science and innovation

Collaboration across institutions has become a more pervasive feature of research activities in most countries.
This is apparent in the affiliations and geographic locations of co-authors and co-inventors in scientific
publications and patent documents. International co-authorship is more widespread for scientific publications
than for patented inventions, except in Poland and India. There is a positive correlation between the indicators
for international scientific collaboration and patent applications across countries, an indication of common
underlying factors. Smaller countries tend to have higher rates of international collaboration, which may be
partly driven by the need to overcome limited opportunities to collaborate domestically and, in some cases, by
proximity to external centres of knowledge.

International collaboration in science and innovation, 2007-09
Co-authorship and co-invention as a percentage of scientific publications and PCT patent applications
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Source: OECD, Patent Database, May 2011; OECD and SCImago Research Group (CSIC) (forthcoming), Report on Scientific Production, based on
Scopus Custom Data, Elsevier, June 2011. See chapter notes.
Statlink sz=m http://dx.doi.org/10.1787/888932485443

What are international co-authorship and international co-invention?

International co-authorship of scientific publications is based on the share of articles with authors affiliated with foreign institutions in
total articles produced by domestic institutions. Co-inventions are measured as the share of patent applications with at least one
co-inventor located abroad in total patents invented domestically.

How to read this figure

For Switzerland, 60% of publications featuring Swiss institutions involve co-authorship with institutions based abroad. For Japan,
scientific co-authorship is at just above 20% but this is still higher than its international patent co-invention, at less than 5%. Most
countries lie below the 45 degree line; this indicates that international scientific co-authorship is more prevalent than patent
co-invention. Judging by the upward sloping cloud of data points, there appears to be a positive correlation between international
scientific co-authorship and patent collaboration. This needs not imply a causal effect from science to patents, but the possible presence
of common factors driving research openness.
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Innovation today

Collaboration with new players

Geographical and cultural proximity, among other factors, is known to influence international scientific
collaboration. The widespread use of English, as well as information and communication technologies, have
helped to extend the scope of international research collaboration. Co-inventions are an indication of formal
R&D co-operation and knowledge exchange among inventors located in different countries. International
co-inventorship is affected by countries’ skills endowment and by appropriability conditions, especially
intellectual property rights regimes. International co-invention typically takes place in multinational
corporations with units in several countries and through joint research ventures between firms and institutions
of various types (e.g. universities, public research organisations). Europe increases scientific collaboration in the
European research area and the rest of the world reaches out to emerging economies.

Scientific collaboration with BRIC countries, 1998 and 2008

As a percentage of total international co-authored articles

% . 1998 2008

North America Europe Far East and Oceania BRA RUS IND CHN
(excluding China)

Source: OECD, calculations based on Scopus Custom Data, Elsevier, July 2009.
Statlink su=m http://dx.doi.org/10.1787/888932485462

Co-inventions with BRIICS countries, 1991-2009
As a percentage of total patents filed by countries
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Source: OECD, Patent Database, May 2011. See chapter notes.
Statlink sw=7 http://dx.doi.org/10.1787/888932485481
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Innovation today

Science for green innovation

Much can be learned from citations to scientific articles by patents in specific technology areas. This new indicator
shows how innovations in “clean” energy technologies draw on a broad base of scientific knowledge. The single
largest field is materials science, with nearly a quarter of all scientific publications cited. This confirms the
importance of new materials research for areas such as solar energy (e.g. photovoltaic cells) and energy storage
(e.g. better-performing batteries). Chemistry and physics follow with a combined 33%, while energy and
environmental science only account for 10% and 1.7% respectively. The diversity of scientific sources highlights the
impossibility of identifying a single major scientific contributor to innovation in this area. It also underlines the
dependence of “clean” energy innovation on fields of science that lack well-defined technological applications.

The innovation-science link in “clean” energy technologies, 2000-09
Share of scientific fields cited in total non-patent literature cited in patents for “clean” energy technologies

24.2% 18.6% 14.5% 10.4%

g 7.9%

Patent-science link
“Clean” energy technologies e
(100% = all citations)

0.7% 7.5%

1.7% 1.7% 2.6% 5.3%

Source: OECD, calculations based on Scopus Custom Data, Elsevier, December 2010; and EPO, Worldwide Patent Statistical Database,
April 2011. See chapter notes.
Statlink sw=r http://dx.doi.org/10.1787/888932485500

What is a “clean energy” technology?

The European Patent Office (EPO) has established a new classification for technical attributes of technologies that can be loosely referred
to as “clean” energy technologies, a subsector of climate change mitigation technologies. The new categories were defined with the help
of experts from both the EPO and the Intergovernmental Panel on Climate Change (IPCC). The Y02 subclasses already available relate to
clean energy technologies, namely Y02C (greenhouse gases: capture and storage/sequestration or disposal) and YO2E (greenhouse gases:
emissions reduction technologies related to energy generation, transmission or distribution).

What is a patent-science link?

Analysis of the link between patents and scientific literature is based on the “non-patent literature” (NPL) listed as relevant references in
patent documents published by the EPO, the US Patent and Trademark Office (USPTO) or through the Patent Cooperation Treaty (PCT) that
meet the “clean energy” definition. The NPL was matched with the scientific literature database (Scopus), to determine whether the cited
NPL article corresponds to an article published in a scientific journal. For linked articles it is possible to extract bibliographical
information, including field of science, not otherwise available in the patent’s NPL source.

How to read this figure

“Clean” energy technologies draw on scientific knowledge that comes from materials science (24.2%), chemistry (18.6%), physics (14.5%)
and energy (10.4%).
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Technology transfers

The rate of “higher quality” patenting (triadic patent families) is rapidly increasing in non-OECD economies. On
average over 40% of OECD inventions are also protected in China. These technology flows mirror the strategic
behaviour of firms, the location of both subsidiaries and competitors, and the attractiveness of emerging markets.

Triadic patent families by blocs, 1999 and 2009

Share in total triadic patent families
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Source: OECD, Patent Database, May 2011. See chapter notes.
Statlink sw=r http://dx.doi.org/10.1787/888932485519

Technology transfers to selected BRIICS, 2005-07
Share of patents by origin of inventor and patent office of destination

Patents by destination (%) ' . ,
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Note: Figures for the Russian Federation, Brazil and South Africa may be underestimated.
Source: OECD, calculations based on the Worldwide Patent Statistical Database, EPO, April 2011; map source: ARTICQUE® - all rights

reserved. See chapter notes.
Statlink sw=r http://dx.doi.org/10.1787/888932485538
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The gains from growth, while distributed unevenly around the world, have been dramatic. Over the past
150 years life expectancy increased by around 30 years in most regions, including some of the world’s least
developed. The growth dynamic that has yielded these improvements in living standards has imposed
substantial costs on the physical environment on which human well-being ultimately depends. It is increasingly
apparent that the current use of natural resources could put higher living standards and even conventionally
measured growth at risk. Without decisive action, energy-related emissions of CO, will double by 2050. Efforts to
mitigate greenhouse gas (GHG) emissions, such as the Kyoto Protocol, will be less effective in reducing global
emissions of GHG if countries with emission commitments source their carbon-intensive production activities
from economies without such commitments, particularly if production in the latter countries is GHG-intensive.

Biggest net CO, importers and exporters, 2005
Estimates of consumption-based emissions and production-based CO, emissions, selected countries
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Source: OECD, Input-Output Database, May 2011; International Energy Agency (2010), CO, Emissions from Fuel Combustion 2010, OECD, Paris.
See chapter notes.
Statlink =7 http://dx.doi.org/10.1787/888932485557

How to estimate imports and exports of CO,?

The OECD’s input-output tables, bilateral trade in goods and services statistics and the IEA’s energy statistics (e.g. fuel-combustion-based
CO, and international electricity transfer), together with other industry statistics, can be used to estimate the effects of international
transfers of CO, emissions. The results highlight differences among countries in production-based and consumption-based emissions.
Consumption-based CO, emissions of OECD countries were, on average, about 16% higher in 2005 than conventional measures of
production-based emissions suggest. The divergence exceeds 30% in seven OECD countries (Austria, France, Luxembourg, Portugal,
Sweden, Switzerland and the United Kingdom). The magnitude of the differences increased in the late 1990s as trade in goods and
services increased. The emissions structure of countries varies owing to differences in consumption activities, sources of electricity
generation and the carbon intensity of imported goods. Electricity-sourced emissions are relatively high in emerging economies
(e.g. China and India), whereas emissions due to transport activity and consumption of imported goods are relatively high in developed
OECD economies (e.g. Japan and Germany).
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A corrigendum has been issued for this page. See: http://www.oecd.org/dataoecd/26/8/48742541.pdf
Innovation and global challenges

Wherever they originate, the effects of greenhouse gas emissions are universal, and any solution that reduces
these emissions will benefit all countries. Similarly, many infectious diseases have no regard for national
borders, and new medicines can benefit all. High food prices and water scarcity are another important issue for
both developed and developing countries. Innovation is increasingly perceived as essential for tackling such
challenges. Meeting these challenges depends crucially on the pace of innovation in new technologies, for
example in the areas of renewable energy, carbon capture and storage, lower emissions, bioremediation, smart
grids, synthetic biology, bio-informatics and personalised medicine.

R&D spending for energy and the environment, OECD countries, 1990-2009
Percentage of GDP
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Source: OECD, Research and Development Statistics Database, May 2011. See chapter notes.
Statlink sw=r http://dx.doi.org/10.1787/888932485576

Trends in patents by technology fields, 1995-2008
“Claimed priorities” (patent counts) in selected technology fields (index 1995 = 1)
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Source: OECD, calculations based on the Worldwide Patent Statistical Database, EPO, April 2011. See chapter notes.
Statlink sw=7 http://dx.doi.org/10.1787/888932485595
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The challenges ahead

Innovation and environment

Encouraging innovation that reduces environmental impacts requires appropriate sequencing of policy
measures. It is necessary to “price” the negative environmental effects of the production and use of goods and
services in order to develop and adopt new, less environmentally damaging technologies, although changes
in relative prices may not suffice to encourage breakthrough technologies. Alternative-fuel vehicles (AFV)
have seen the introduction of a combination of policy instruments, sometimes with different but related
environmental objectives. The mix of policies that, directly or indirectly, provide incentives for development of
AFV technologies includes fleet-level fuel-efficiency standards (e.g. US ZEV mandates), after-tax fuel prices,
targeted public support for R&D, as well as measures such as public procurement programmes or differentiated
vehicle taxes. As a result of such measures, innovation in AFV technologies has accelerated and is now the
fastest-growing type of technology in the motor vehicles sector. However, the rate of innovation in AFV remains
low in absolute terms, although there are important differences among countries.

Transition to alternative-fuel vehicle (AFV) technologies, 1990-99 and 2000-07
Share of AFV patent applications (claimed priorities) in motor vehicles patents
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Note: Only countries with a minimum of ten patents (claimed priorities) deposited during the two decades are included.

Source: OECD, calculations based on the Worldwide Patent Statistical Database, EPO, April 2011. See chapter notes.
Statlink sz=7 http://dx.doi.org/10.1787/888932485614

The impact of policy drivers

An econometric model based on the characteristics of the policy instruments implemented in different countries, combined with
measures of inventive activity based on patent data, and controlling for other important factors, has been used to examine empirically
the importance of various policy drivers. It has found significant differences between electric and hybrid propulsion, the types of
technologies studied. For example, the role of after-tax fuel prices is insignificant for electric cars, but standards play an important role.
The reverse applies for hybrid cars. R&D plays a much more important role for electric than for hybrid cars. Simulations conducted using
these results indicate that relatively minor changes in a performance standard or automotive fuel prices would yield effects that are
equivalent to a much greater proportional increase in public R&D budgets.
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Ageing populations

In 2008 there were on average about four persons of working age for every older person in the OECD area. In 2050
there will be on average two workers per retired person. Countries with the highest current old-age support
ratios are expected to experience the biggest drop, with support rates converging over the next 40 years. There
are many promising but few proven models for anticipating and responding to the emerging societal needs of
ageing societies through innovation. Yet this is a critical challenge for all OECD countries in the years ahead.
Stimulating innovation to deal with the needs of the elderly has benefits not just for their quality of life but
potentially for the economy as well. There is the potential for the “silver economy” to create jobs and economic
activities, especially in sectors such as public services, health and well-being, leisure, sports, culture, tourism,
new media, telecommunications and financial services.

Convergence in the old-age support ratio across the OECD and BRIICS,
historical and projected values, 1950-2050
Number of persons of working age (20-64) per person of pension age (65+)

s OECD Italy — — — Japan —=-=—- Mexico  ===--- Turkey
Ratio
20
16 |
""""" .. Younger OECD countries
———— e
12 | ~. 1 L.
e~ — - —- .—-—‘-.__ ."..
T ——— Tk . —_N\
8 | “\ = o e,
\\ \~ ..~
~ o ~. [“c .
s\\‘ \.\. .....
~ . e,
_— ~ .
4+ —— \ -\_\-..__..
Older OECD countries = e T Y ey
~_—-'-_\-H--.—-—-___-_
0 L L L L L L L L L L L L L L L L L L L L

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

s 0ECD Brazil China India
Indonesia Russian Federation South Africa
Ratio
20
16 |

0 L L L L L L L L L L L L L L L L L L L L
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Source: OECD (2011), Pensions at a Glance 2011: Retirement-Income Systems in OECD and G20 Countries, OECD Publishing, Paris. See chapter notes.
Statlink sz=m http://dx.doi.org/10.1787/888932485633
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Education and gender

People are at the heart of the innovation process and education systems play a key role in the development of a
highly qualified and flexible labour force. Relatively high levels of education are often related to higher earnings
and productivity, better career progression, health and overall outcomes. Increased labour participation has
helped to propel economic growth, often owing to the entry of women into the labour market in many OECD
economies. As shortages of skills begin to emerge and as demographic pressures grow, tapping into this source
of human capital becomes imperative.

Transition from upper secondary education to graduation at the university level, 2008
Graduation rates
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Source: OECD (2010), Education at a Glance 2010: OECD Indicators, OECD Publishing, Paris; and OECD (2011), Economic Policy Reforms 2011:
Going for Growth, OECD Publishing, Paris. See chapter notes.
Statlink sz=m http://dx.doi.org/10.1787/888932485652

Women graduates in the OECD area, 2000 and 2009

As a percentage of all graduates at the corresponding level
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Gender and employment

In the OECD area more than half of university graduates are women and they play an increasing role as
consumers. Yet, despite recent progress, gender differences still persist in labour force participation, hours spent
in paid and unpaid work, employment conditions and earnings. China and the Russian Federation display a
smaller employment gender gap than OECD economies, while in India, where many women are employed in the
informal sector, the gap has not narrowed in the last 30 years. In developing countries policies are needed to
support the design, development and diffusion of technologies in sectors in which women work, including
environment, health, energy, agriculture, education and information. Earnings differentials between males and
females with the same educational attainment remain substantial. On average, a woman with tertiary education
in the OECD area can expect to earn 70% of male earnings. The gap in earnings between males and females is
due in part to differences in occupations and in the amount of time spent in the labour force. However, low
earnings, particularly for females who have completed tertiary education, will in many instances be detrimental
to the supply of labour and thus to the utilisation of the skills produced by the educational system.

Gender gap in employment, 1980, 1990, 2000 and 2009

Difference in male-female labour force participation rates as a share of male labour participation rate
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Source: OECD, calculations based on International Labour Organization, Key Indicators of the Labour Market Database, June 2011.
See chapter notes.
Statlink sz=m http://dx.doi.org/10.1787/888932485690

Earning differentials at the tertiary level educational attainment, 1999 and 2009

Average annual earnings of women as a percentage of men’s earnings
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Source: OECD (2011), Education at a Glance 2011: OECD Indicators, OECD Publishing, Paris; and OECD, Employment Database, June 2011.
See chapter notes.
Statlink sz=m http://dx.doi.org/10.1787/888932485709
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Cyprus

The following note is included at the request of Turkey:

“The information in this document with reference to 'Cyprus’ relates to the southern part of the Island. There is no single
authority representing both Turkish and Greek Cypriot people on the Island. Turkey recognises the Turkish Republic of
Northern Cyprus (TRNC). Until a lasting and equitable solution is found within the context of the United Nations, Turkey

tRl)

shall preserve its position concerning the ‘Cyprus issue’.

The following note is included at the request of all the European Union member states of the OECD and the
European Commission:

“The Republic of Cyprus is recognised by all members of the United Nations with the exception of Turkey. The information
in this document relates to the area under the effective control of the Government of the Republic of Cyprus.”
Israel

“The statistical data for Israel are supplied by and under the responsibility of the relevant Israeli authorities. The use
of such data by the OECD is without prejudice to the status of the Golan Heights, East Jerusalem and Israeli
settlements in the West Bank under the terms of international law.”

“It should be noted that statistical data on Israeli patents and trademarks are supplied by the patent and trademark
offices of the relevant countries.”

Decomposition of growth in GDP per capita, 2001-07, 2007-09 and 2009-10

OECD excludes Turkey.

Euro area includes the 15 countries which are also OECD members.

OECD estimates for 2007-09 and 2009-10 exclude Switzerland for which hours worked for 2009 and 2010 are missing.

Labour productivity growth, total economy level, 1985-2010

Euro area excludes Estonia and Slovenia for which productivity estimates are only available from 2000.

GDP per capita and labour productivity in Brazil, India, Indonesia, China and South Africa (BIICS), 1991-2009

Calculations are based on GDP in constant 2005 purchasing power parities.

Percentage gap with respect to the simple average of the 17 highest OECD countries in terms of GDP per capita
and GDP per employee.

Where people lost their jobs, 2008-09

Iceland and Turkey: Labour Force Survey (LFS) data by industry are used in the absence of employment by activity
statistics published in an SNA context.

New Zealand: based on employment estimates for fiscal years 2008/09 and 2009/10.

Where people lost their jobs in Europe, 2009-10

Europe includes the 24 countries shown in the figure.

Iceland: Labour Force Survey (LFS) data by industry are used in the absence of employment by activity statistics
published in an SNA context.

Investment in fixed and intangible assets as a share of GDP, 2006

Estimates refer to the total economy for Canada, Japan and Sweden; the market sector for Australia, France,
Germany, Italy, Spain and the United Kingdom; the non-financial business sector for Finland; the commercial
sector for the Netherlands and the non-farm business sector for the United States.

Data on intangible assets for the United States provided by C. Corrado; data for Japan provided by T. Miyagawa;
data for Sweden provided by H. Edquist; data for the Netherlands provided by M. Tanriseven; data for Germany,
Italy, Spain and the United Kingdom provided by J. Haskel, A. Pesole and members of the COINVEST project; data
for Austria, Denmark and the Czech Republic provided by J. X. Hao and B. van Ark; data on intangible and tangible
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investment for Australia provided by P. Barnes; for Canada by N. Belhocine. Data on tangible investment for
France is based on INSEE. For other countries figures for tangible investment are OECD calculations based on the
OECD, Annual National Accounts and the EU KLEMS Databases.

Labour productivity growth: adding the contribution of intangible assets, 1995-2006

Japanese estimates do not account for the contribution of labour quality.

Data for the United States is from C. Corrado, D. Sichel and C. Hulten (2009), data for Sweden is from H. Edquist
(2009); data for Japan is from K. Fukao, T. Miyagawa, K. Mukai, Y. Shinoda and K. Tonogi (2009); data for Australia
is from P. Barnes and A. McClure (2009); data for the United Kingdom is from G.M. Marrano, J.E. Haskel and
G. Wallis (2009); data for Austria, the Czech Republic, Denmark, France, Germany, Greece, Italy, Spain and the
Slovak Republic is from B. van Ark, J.X. Hao, C. Corrado and C. Hulten (2009).

Foreign direct investment inflows, 1995-99, 2000-04 and 2005-09

Other OECD includes: Australia, Canada, Chile, Iceland, Israel, Korea, Mexico, New Zealand, Norway, Switzerland
and Turkey.

Other BRIICS includes: Brazil, India, Indonesia, the Russian Federation and South Africa.

Outward foreign direct investment flows from EU, Japan and the United States to BRI*CS (*India),
yearly average 2003-09

EU includes OECD EU countries except Slovenia.

Foreign direct investment outward flows from BRIICS, 1994-97, 2002-05 and 2006-09
For Indonesia, the 2002-05 average corresponds to 2004-05.

OECD manufacturing trade by technology intensity, 1995-2009

OECD manufacturing trade is calculated as the average value of total OECD exports and imports of goods.
Calculations exclude Luxembourg for which data are only available from 1999.

BRIICS manufacturing trade by technology intensity, 1995-2009

BRIICS manufacturing trade is calculated as the average value of total BRIICS exports and imports of goods. Data
for South Africa are available from 2000; data from the South African Customs Union (SACU) were used as a
proxy for 1995-99.

World trade by end use, 1995 and 2009

EU15 includes EU members as of 1 January 1995: Austria, Belgium, Denmark, France, Finland, Germany, Greece,
Ireland, Italy, Luxembourg, the Netherlands, Portugal, Spain, Sweden and the United Kingdom.

Other OECD includes: Australia, Canada, Chile, the Czech Republic, Estonia, Hungary, Iceland, Israel, Korea,
Mexico, New Zealand, Norway, Poland, the Slovak Republic, Slovenia, Switzerland and Turkey.

BRIIS consists of Brazil, India, Indonesia, South Africa and the Russian Federation (i.e. BRIICS without China).

Import content of exports for selected economies and regions, 1995 and 2005

EU1S5 includes Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, the
Netherlands, Portugal, Spain, Sweden, the United Kingdom.

Other OECD includes: Chile, the Czech Republic, Estonia, Hungary, Iceland, Israel, Norway, Poland, the
Slovak Republic, Slovenia, Switzerland and Turkey.

Other East and South-East Asia includes: Chinese Taipei, Indonesia, Singapore, Hong Kong SAR of China,
Malaysia, Philippines, Thailand, Viet Nam, Brunei Darussalam and Cambodia.

Rest of the world estimated using input-output tables and bilateral trade data for Argentina, Brazil, India,
South Africa, Saudi Arabia, the Russian Federation, selected non-OECD European countries and a residual
aggregate covering all other countries.

The percentage under the country names shows the import content share of a country’s or region’s total exports.
Country/region bubble size is proportional to the total value of the import content of exports in USD.

Bilateral trade flows are highlighted by arrows if they represent more than 1.5% of the world total import content
of exports.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY SCOREBOARD 2011 © OECD 2011 59



60

CONOMIES: TRENDS AND FEATURES

Diversification index (Hannah-Kay) for selected countries, 1978-2009

Data for Germany prior to 1991 are for western Germany only.

Composition of GDP in OECD and BRIICS countries, 2008

The major activity groups are defined according to ISIC Rev. 3. “Market” Services: ISIC 50-74; “Non-market”
Services: ISIC 75-99; Industry: ISIC 10-41 (i.e. Mining, Manufacturing and Utilities); Construction: ISIC 45; and
Agriculture: ISIC 01-05.

OECD and BRIICS: un-weighted averages (means) of the countries’ shares.

Value added measured in basic prices except for Indonesia, Japan, United States: market prices; and India:
factor costs.

For Canada, figures refer to 2007.

For Australia and India, figures refer to fiscal year 2007/08.

US gross domestic product and trademark applications at the USPTO, 1999-2011

Goods (resp. services) trademarks represent trademark applications designating only good (resp. service) classes;
finance, insurance and real estate trademarks represent trademark applications designating Class 036 of the
Nice Classification.

The US gross domestic product is based on the series of seasonally adjusted GDP, expenditure approach, in
volume (chained volume estimates) contained in the OECD Quarterly National Accounts Database (May 2011).

Raw GDP and trademark applications series were treated using the OECD’s Composite Leading Indicators
methodology. Monthly data were used for trademark applications and quarterly data for GDP, converted to a
monthly frequency via linear interpolation and aligned with the mid-quarter month. This treatment removes
seasonal patterns and trends (using the Hodrick-Prescott filter) in order to extract the cyclical pattern. The
cyclical pattern presented on the graph is expressed as a percentage deviation from the long-term trend.
Considering the filters applied, the remaining cycles are those with a period of between 18 months and 10 years.
The analysis was performed on series from January 1990 to February 2011 for trademark applications and to
March 2011 for GDP. For more information on the methodology, see OECD (2008), OECD System of Composite Leading
Indicators, OECD Publishing, Paris, www.oecd.org/dataoecd/26/39/41629509.pdf.

The graph shows a peak around 2004 for the trademark series which does not correspond to the economic
activity. It corresponds to the accession of the United States to the Madrid Agreement in November 2003, which
facilitated the filing procedure for foreign applications.

Venture capital investment in the United States (1995-2010) and in Europe (2005-09)

Europe includes: Austria, Belgium, Bosnia-Herzegovina, Bulgaria, Croatia, the Czech Republic, Denmark, Estonia,
Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Montenegro, the
Netherlands, Norway, Poland, Portugal, Romania, Serbia, Spain, the Slovak Republic, Slovenia, Sweden,
Switzerland, Ukraine and the United Kingdom.

Investment by business angel groups/networks in the United States and Europe, 2006-09

A business angel is a private investor who generally provides finance and business expertise to a company in
return for an equity share in the firm. Some business angels form syndicates or networks in order to take on
larger deals and spread risk.

Business angel groups are formed by individual angels joining together with other angels in order to evaluate
and invest in entrepreneurial ventures. The angels can pool their capital to make larger investments.

A business angel network is an organisation whose aim is to facilitate the matching of entrepreneurs with
business angels.

Data refer to networks and groups surveyed by the business angel associations.

Europe includes: Andorra, Austria, Belgium, Bosnia-Herzegovina, Bulgaria, Croatia, the Czech Republic,
Denmark, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the

Netherlands, Norway, Poland, Portugal, the Russian Federation, Serbia, Slovenia, Spain, Sweden, Switzerland,
Turkey, Ukraine and the United Kingdom.
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R&D in OECD and non-OECD countries, 2009 or latest available year

For Australia (2008), Canada (2008), Chile (2008), France (2008), Greece (2007), Iceland (2008), Korea (2008), Mexico
(2007), New Zealand (2007), South Africa (2008), Switzerland (2008) and the United States (2007).

R&D tax incentives versus direct support to business R&D, 2004 and 2009

Estimates of R&D tax expenditures do not cover sub-national R&D tax incentives.

China, Greece, Iceland, Israel, Italy, the Slovak Republic and the Russian Federation provide R&D tax incentives
but cost estimates are not available.

Mexico and New Zealand repealed tax schemes in 2009. No cost estimates are available for Mexico. In 2008, the
cost for R&D tax incentives for New Zealand was NZD 103 million but BERD government funding data are not
available for that year.

Estimates for Australia and Hungary are based on country responses to the 2010 OECD R&D tax incentives
questionnaire.

2008 instead of 2009 for Australia, France, Hungary, Ireland, Japan, Portugal, South Africa and the United States.
2007 instead of 2009 for Austria, Belgium and Spain.

2005 instead of 2004 for Belgium, Canada, the Czech Republic, Denmark, the Netherlands, Norway and the
United States.

2006 instead of 2004 for Poland, Portugal and South Africa.
2007 instead of 2004 for Slovenia.

The estimate for Austria covers the refundable research premium but excludes other R&D allowances. The value of
the research premium has been removed from direct government funding of business R&D to avoid double counting.

For 2008 and 2004, estimates for France are based on accrual accounting measures of tax costs instead of
cash-based measures of foregone tax. Before 2009, unused credits in France could not be refunded for three
years, resulting in significant differences in tax cost estimates according to the method used. For 2008, claims
exceeded paid credits by EUR 2.7 billion while in 2009, as a result of exceptional stimulus measures that allowed
for the immediate payment of tax credit liabilities, tax expenditures exceeded claims by nearly EUR 1.5 billion.
2009 data for France are not reported due to the unavailability of comparable estimates for business R&D direct
funding for that year.

The United States estimate covers the research tax credit but excludes the expensing of R&D.

Global Internet Protocol (IP) traffic, 2005-10

VoD: video on demand. WAN: wide area network.

New uses of the Internet: social networking and health information, 2010

Social networking is considered as posting messages to chat sites, blogs, newsgroups or online discussion forums
or for instant messaging (European countries). For Korea, only online community data were taken into account.

Routed IPv4 addresses per country, year end 2010

The Internet Protocol (IP) enables different types of physical networks, such as cable TV systems, telephony
systems, or wireless networks, to transport packets of data. It uses an addressing system to identify the end
points for the data sent and received on the Internet.

The Internet Protocol version 4, or “IPv4”, uses a 32-bit address scheme and was first implemented in 1983.

The Internet Protocol version 6, or “IPv6”, provides a greatly expanded address range of 128-bits (or 2128 possible
addresses). Its core set of protocols was developed by the Internet Engineering Task Force from 1993 to 1998.

OECD countries with IPv6-enabled networks, 2010

The Internet Protocol (IP) enables different types of physical networks, such as cable TV systems, telephony
systems, or wireless networks, to transport packets of data. It uses an addressing system to identify the end
points for the data sent and received on the Internet.

The Internet Protocol version 4, or “IPv4”, uses a 32-bit address scheme and was first implemented in 1983.

The Internet Protocol version 6, or “IPv6”, provides a greatly expanded address range of 128-bits (or 2128 possible

addresses). Its core set of protocols was developed by the Internet Engineering Task Force from 1993 to 1998.
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University hotspots — geographical distribution of highest impact institutions, 2009

Analysis based on Scopus data processed by SCImago, SIR-SCImago Institutions Rankings, June 2011,
www.scimagoir.com.

Innovation hotspots in ICT, biotechnologies and nanotechnologies, 2006-08

Data relate to patent applications filed under the Patent Cooperation Treaty (PCT) in ICT and in biotechnology
and nanotechnology. Patent counts are based on the priority date, the inventor’s region of residence and
fractional counts. The regional breakdown used is based on the OECD’s Territorial Level 2. Only the top 20 regions
patenting in ICT (and in biotechnology and nanotechnology) are included in the figure.

Service-related trademarks applications at USPTO and OHIM, OECD and BRIICS, 1997-99 and 2007-09

Shares of service trademarks are calculated using fractional counts of the classes designated in the trademark
application. Classes 1 to 34 relate to goods; classes 35 to 45 relate to services.

Trademarks in knowledge-intensive services, OECD and BRIICS, 2007-09

Shares of knowledge-intensive service trademarks are calculated using fractional counts of the classes
designated in the trademark application. Business trademark applications designate Class 35; finance, Class 36,
telecommunications, Class 38, and R&D, Class 42 of the Nice classification.

Patents and trademarks per capita, 2007-09

“Triadic” patent families refer to patents filed at the European Patent Office (EPO), the Japan Patent Office (JPO)
and the US Patent and Trademark Office (USPTO) which protect the same invention. Patent families are counted
according to the earliest priority date (first patent application worldwide), the inventor’s country of residence
and fractional counts.

“Trademarks abroad” refer to the average number of trademark applications filed at the USPTO, the Office for
Harmonization in the Internal Market (OHIM) and the JPO. For US, EU countries and Japan, figures are calculated
based on the trademarks filed in the two other foreign offices. Counts are rescaled taking into account the
relative average propensity of other countries to file in the three offices. Trademarks abroad are counted
according to the application date and the address of the applicant.

The impact of scientific production and the extent of international scientific collaboration, 2003-09

Analysis based on Scopus data processed by SCImago, SIR-SCImago Institutions Rankings, June 2011,
wwuw.scimagoir.com.

International collaboration in science and innovation, 2007-09

International co-authorship of scientific publications is measured as the share of scientific articles with at least
one author from a different country in total scientific articles. The scientific publication indicators are developed
from the information contained in the Scopus® Database (Elsevier B.V.).

International co-inventions are measured as the share of patent applications filed under the Patent Cooperation
Treaty (PCT) with at least one co-inventor located in a different country in total patents invented domestically.
Patent counts are based on the priority date and the inventor’s country of residence.

Co-inventions with BRIICS countries, 1991-2009
Co-inventions are measured as the share of patent applications with at least one co-inventor located in one of
the BRIICS countries over total patents invented domestically.

Data relate to total PCT patent applications, at international phase, published by the World Intellectual Property
Organization (WIPO). Patent counts are based on the priority date and the inventor’s country of residence.

The innovation-science link in “clean” energy technologies, 2000-09

The data refers to a set of patents published by the EPO, the USPTO or through the Patent Co-operation Treaty (PCT)
route. Patents cover technologies or applications for mitigation or adaptation with respect to climate change: capture,
storage, sequestration or disposal of greenhouse gases (Y02C); and reduction of greenhouse gases emission related to
energy generation, transmission or distribution (YO2E). Analysis of the link between patents and scientific literature
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is based on the “non-patent literature” (NPL) listed as relevant references in patent documents. The NPL is matched
with the scientific literature database (Scopus) which makes it possible to determine whether or not the NPL is a
scientific article and to obtain bibliographical information recorded in the NPL.

Triadic patent families by blocs, 1999 and 2009
“Triadic” patent families refer to patents filed at the European Patent Office (EPO), the Japan Patent Office (JPO)
and the US Patent and Trademark Office (USPTO) which protect the same invention.

Technology transfers to selected BRIICS, 2005-07

The data refer to claimed priorities, i.e. patents for which protection has been requested at at least two patent
offices. Patent counts are based on the earliest priority date, the inventor’s country of residence and intellectual
property (IP) offices in the BRIICS area, using fractional counts.

Biggest net CO, importers and exporters, 2005
Countries are sorted by their production-based CO, emissions, in descending order on the left-hand side and in
ascending order on the right-hand side.

R&D spending for energy and the environment, OECD countries, 1990-2009

Chile and Turkey are not included. The Czech Republic, Estonia and Poland are included from 2002. Hungary and
Luxembourg are included from 2005. Korea is included from 1999.

Trends in patents by technology fields, 1995-2008

Claimed priorities refer to patents for which protection has been requested to at least two patent offices. Patent
counts are based on the earliest priority date, the inventor’s country of residence and fractional counts. Data
for 2008 are estimates based on more recent patent series.

Patents in biotechnologies and health- and ICT-related technologies are based on a selection of International
Patent Classification (IPC) classes.

Patents in environment-related technologies are defined using combinations of IPC classes and codes Y02 of the
European Classification (ECLA).

Patents in nanotechnologies are identified by the ECLA Code YO01.

Transition to alternative-fuel vehicle (AFV) technologies, 1990-99 and 2000-07

Claimed priorities refer to patents for which protection has been requested to at least two patent offices. Patent
counts are based on the earliest priority date, the inventor’s country of residence and fractional counts.

Patents in technologies for alternative-fuel vehicles and motor vehicles are defined using combinations of
International Patent Classification (IPC) codes.
Convergence in the old-age support ratio across the OECD and BRIICS, historical and projected values, 1950-2050

Younger OECD countries have the highest old-age support ratio as of 2011.
Older OECD countries have the lowest old-age support ratio as of 2011.

Transition from upper secondary education to graduation at the university level, 2008

Graduation rates for single year of age.
Upper secondary graduation rates refer to general programmes.
Graduation rates at university level refer to first degree graduation at tertiary-Type A (ISCED-5A).

Gender gap in employment, 1980, 1990, 2000 and 2009

Labour force participation rates are computed for the population aged 15-64.

Earning differentials at tertiary level educational attainment, 1999 and 2009

Belgium, Korea and Turkey report earnings net of income tax.
Slovenia reports earnings excluding data for individuals in part-time and/or part-year earnings.
Data on part-time employment refers to 2007 for Israel.
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2. BUILDING KNOWLEDGE

1. New doctorate graduates

2. Career of doctorate holders

3. Science and technology occupations
4. Researchers

5. R&D expenditure

6. Higher education and basic research
7. Business R&D

8. Investment in ICT

Notes

References

Education and research, together with innovation, are often referred to as the knowledge
triangle. They are at the core of today’s economies and drive economic growth. A first set of
indicators relates to human capital in science and technology. The number of university
graduates indicates a country’s capacity to absorb, develop and diffuse knowledge.
Comparisons focus on doctorate holders, who are specifically trained for research, and their
career path. Additional indicators look beyond the education system to labour market
outcomes, in particular for human resources in science and technology and researchers. A
second set of indicators looks at investment in R&D performed by the business sector,
government and higher education. Experimental indicators of public funding “modes”
(e.g. institutional versus project funding) are also included. Finally, investment in information
and communication technology (ICT) shows the potential to increase innovation and makes a
positive contribution to economic performance.
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Graduation rates at doctorate level, 2000 and 2009
As a percentage of population in reference age cohort

2009 <> 2000
CHE @ 41
SWE @ 48
PRT & 62
FIN & 53
DEU Q 44
SVK & 48
GBR @ 45
AUT & 43
AUS (2008) & 48
NLD o 42
DNK O 43
NOR @ 46
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SVN 45
OECD * 46
FRA @ 43
NZL & 53
GRC (2007) <> 40
CZE o 38
IRL 2 46
RUS
ISR & 49
BEL @ 41
ITA (2007) @ 51
CAN (2008) & 44
KOR & 30
JPN & 27
ESP & 49
HUN O 48
EST 46
POL & 51
ISL & 63
BRA / 52
TUR &S Percentage of doctorates 44
awarded to women
MEX 44
CHL 41
IDN ‘ ‘ ‘ ‘
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Source: OECD (2011), Education at a Glance 2011: OECD Indicators, and
OECD (2009), Education at a Glance 2009: OECD Indicators, OECD Publishing,
Paris. See chapter notes.
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1. New doctorate graduates

Doctoral graduates are key players for research and innova-
tion. They have been specifically trained to conduct
research and are considered the best qualified for the
creation and diffusion of scientific knowledge.

While only a small proportion of students obtained
advanced research degrees in 2009, the share showed an
upward trend in all countries over the last decade. In
Switzerland and Sweden, graduation rates reached 3.4%
and 3.0%, respectively. The relative increase was largest in
the Slovak Republic and Portugal.

The increasing presence of women in doctoral programmes
partly explains the overall increase in doctorates over the
past decade. In 2009, women received 46% of the OECD
average of total doctorate degrees awarded. However, they
remain underrepresented in science and engineering (S&E),
accounting for only 34% of all degrees in these subjects.
Exceptions are found in Iceland (64%) and Portugal (49%).

The largest share of new doctorate degrees is in S&E
followed by the social sciences for men and by health and
welfare for women. While absolute numbers of S&E doctor-
ates have increased significantly since 2000, their relative
share has been declining in a majority of OECD countries.
Nonetheless, nearly 39% of doctoral graduates in the OECD
area obtained a degree in S&E fields in 2009 and more than
55% in Chile, France and China.

A focus on the top ten countries with the largest shares of
S&E doctorates shows that the United States is the largest
single contributor of new doctorates with more than a
quarter of the nearly 89 000 OECD total in 2009. It is
followed by Germany, the United Kingdom and France. The
20 EU countries combined account for more than half of
the total number of OECD doctoral degrees in S&E.

Definitions

Doctoral graduates have attained the second stage of uni-
versity education and obtained a degree at ISCED
Level 6. They have successfully completed an advanced
research programme and gained an advanced research
qualification, e.g. Ph.D. Science degrees include: life
sciences; physical sciences; mathematics and statistics;
and computing. Engineering degrees comprise: engineer-
ing and engineering trades; manufacturing and pro-
cessing; and architecture and building. Graduation rates
represent the estimated percentage of an age cohort
that will complete the corresponding level of education
during their lifetime. These are calculated as net gradu-
ation rates (i.e. as the sum of age-specific graduation
rates). Gross graduation rates are used for countries that
are unable to provide more detailed data. The number
of graduates, regardless of their age, is divided by the
population at the typical graduation age.
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1. New doctorate graduates

Science and engineering graduates at doctorate level, 2009
As a percentage of all new degrees awarded at doctorate level
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Source: OECD, Education Database, September 2011; and OECD, calculations based on national sources, May 2011. See chapter notes.
Statlink sz= http://dx.doi.org/10.1787/888932485747

Science and engineering graduates at doctorate level, by country of graduation, 2009
As a percentage of total OECD new science and engineering degrees at doctorate level

Other countries, 20.8% ———— United States, 26.3%

Australia, 2.6%
Canada, 3.3% Germany, 10.6%
Spain, 3.6% —_—
Korea, 3.8% United Kingdom, 8.8%
Italy, 5.2% ——
Japan, 7.2% - — France,7.9%

Source: OECD, Education Database, September 2011; and OECD, calculations based on Nordic Institute for Studies in Innovation, Research and
Education (NIFU), May 2011. See chapter notes.

Statlink sz=7 http://dx.doi.org/10.1787/888932485766

Measurability

Graduation rates are computed on the basis of annual data jointly collected by UNESCO-UIS/OECD/Eurostat. This data
collection aims to provide internationally comparable information on key aspects of education systems, specifically
on participation and completion levels for education programmes in more than 60 countries worldwide.

A graduate from a programme is defined as a student who has successfully completed all requirements of that programme.
Because of national differences regarding what is understood as graduation, the international comparability of “successful
graduation” is a major issue. Avoiding double-counting of individuals graduating from several programmes in the same
year, or remaining at the same educational level over time, are other measurement challenges.

In contrast to the flow of new graduates in a given period, the number of graduates at a point in time is a stock
measure which is often part of an analysis of the educational attainment of the population. Attainment data are
typically computed from labour force or other household surveys, whereas graduation rates are mainly based on
administrative records from educational organisations and authorities.
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Employment rate of doctorate holders by gender, 2009
As a percentage of total doctorate holders

B Male Female
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Source: OECD, based on OECD/UNESCO Institute for Statistics/Eurostat
data collection on careers of doctorate holders 2010, June 2011; and
OECD, Employment Database, June 2011. See chapter notes.
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2. Career of doctorate holders

An economy’s capacity to draw human resources into
research is the basis for creating new knowledge and
advancing economic activity. Factors that are likely to
influence career choices of doctoral graduates include
stability, earnings and motivation.

The average employment rate of male and female doctor-
ate holders who obtained their degrees after 1970 is 93%,
compared to 70% for all individuals aged 25 to 64 within the
economies for which data are available. The difference is
particularly marked for Malta, Turkey, Poland and Spain. In
most economies, male employment rates slightly exceed
those of females. The opposite is true for Bulgaria, Finland,
Malta and Chinese Taipei.

Over 23% of graduates at the doctorate level hold fixed-
term contracts in the first five years after graduation in
10 out of 16 countries for which data are available, a situa-
tion that does not persist in the long run, except in Latvia
and the Russian Federation. In the majority of countries,
however, temporary employment remains more frequent
for doctoral graduates than for other employees.

In all economies for which data are available, gross annual
earnings of doctorate holders employed as researchers
exceed those of non-researchers in the higher education
sector. The picture is mixed for other sectors. Gross annual
earnings of doctorate holders in the business enterprise and
government sectors fall short of those of their researcher
counterparts in higher education in the Netherlands,
Portugal and Romania. The opposite is true for Belgium. In
the business enterprise sector, gross annual earnings for
doctorate holders employed as researchers exceed those of
other doctorate holders in half of the 13 countries for which
data are available.

Definitions

Doctorate holders are all economically active or inactive
residents below the age of 70 who have completed,
anywhere in the world, the second stage of tertiary
education (ISCED level 6) leading to an advanced
research qualification. The employment rate of doctorate
holders is the ratio of the number of doctorate holders
in employment (employees and self-employed) to the
total number of doctorate holders residing in the
country. The percentage of doctorate holders with
temporary contracts is calculated as the share of
doctorate holders on fixed-term contracts in all
doctorate holders employed. The percentage differ-
ence in median gross annual earnings between
doctorate holders working as researchers and those
not working as researchers is calculated as the differ-
ence between the former and latter groups, divided by
median gross annual earnings of doctorate holders
not working as researchers.
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2. Career of doctorate holders

A corrigendum has been issued for this page. See: http://www.oecd.org/dataoecd/26/8/48742541.pdf
Doctorate holders on temporary contracts over career path, 2009
As a percentage of employed doctorate holders
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Source: OECD, based on OECD/UNESCO Institute for Statistics/Eurostat data collection on careers of doctorate holders 2010, June 2011; OECD,
Employment Database, June 2011; and Eurostat, June 2011. See chapter notes.
Statlink sz=m http://dx.doi.org/10.1787/888932485804

Difference in median gross annual earnings of doctorate holders working as researchers and as non-researchers, 2009
As a percentage of median gross annual earnings of doctorate holders not working as researchers
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Source: OECD, based on OECD/UNESCO Institute for Statistics/Eurostat data collection on careers of doctorate holders 2010, June 2011. See chapter notes.
Statlink sz=m http://dx.doi.org/10.1787/888932485823

How to read this figure

In the Netherlands (NLD) there is no overall earning difference between doctorate holders working as researchers and those not working as
researchers. However, as researchers they earn 15% more than non researchers when employed in higher education, and 18% less than non
researchers if employed in business enterprises.

Measurability

The Careers of Doctorate Holders (CDH) project is a joint OECD/UNESCO Institute for Statistics/Eurostat effort which
aims to better understand the labour market, career path and mobility of a population regarded as key to the
production and diffusion of knowledge and innovation. As part of the project, methodological guidelines, a model
questionnaire and templates for output tables were developed with the help of an expert group composed of
statisticians from the participating countries. Owing to the methodological challenges involved, notably the
development of national registers of doctorate holders, alternative data sources such as censuses, registers or labour
force surveys are used in some countries. This may have an impact on the coverage of the target population, the
availability of certain variables or the comparability of the data, although every effort is made to minimise and
document the differences. While some large countries such as France, Japan and the United Kingdom still do not
formally participate in the project, an increasing number is joining it.
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3. Science and technology occupations

A corrigendum has been issued for this page. See: http://www.oecd.org/dataocecd/26/8/48742541 .pdf
HRST occupations, 2010 Human resources in science and technology (HRST) play
As a percentage of total employment a key role in innovation. In most OECD countries, they
represented more than a quarter of total employment
in 2010. The share was over 40% in Luxembourg, Sweden,
Denmark and Switzerland; in India and Indonesia, HRST
workers accounted for less than 10% of total employment.

[0 Professionals
Technicians and associate professionals
%% Breakdown not available

LUX 46 The split between professionals and technicians differs
SWE 51 across countries.
DNK 51 A particular characteristic of HRST employment is the
CHE e increasing share of women. In the majority of countries,
women are now more numerous than men among HRST
NOR o employees. In Estonia, the Russian Federation, Poland and
NLD 0 Hungary, more than 60% of HRST in 2010 were women.
ISt 5 The industry structure of employment shows that HRST
DEU 51 employees are more concentrated in services than in
AUS 37 manufacturing. In 2008, the share of professionals and
FIN 54 technicians in services varied between 19.3% (in Japan) and
CZE 51 46.9% (in Luxembourg) and it is mostly concentrated
USA 52 in community, social and personal services, as well as
business services; in manufacturing it was around 20% on
BEL 49 average in OECD countries for which data were available.
RUS (2008) 64 .. .
Over 1998-2008, HRST occupations increased more rapidly
FRA 49 than total employment in most OECD countries. In
EST 68 services, their average annual growth rate has always been
SVN 57 positive, ranging from 1.2% (in Japan) to 6.3% (in Iceland).
AUT 47 However, in manufacturing, the share of professionals and
EU27 52 technicians decreased by an average annual rate of more
SVK = than 1% in Luxembourg (-2.3%) and Japan (-1.3%).
ITA 48
NZL 55
CAN RIS 56
POL 60
HUN 60
GBR 49
IRL 54
ESP 51 .
GRC 51 Definitions
PRT 53 Human resources in science and technology (HRST) are
KOR BRI 41 defined according to the Canberra Manual (OECD and
ZAF (2008) 52 Eurostat, 1995) as persons having graduated at the
JPN / 47 tertiary level of educati.on or employed'in a sci.e.nce
BRA (2007) = a.nd Fechnology occupatlon for W}?ICh a hlgh quahﬁc:a-
Percentage of women tion is normally required and the innovation potential
TUR il is high. While tertiary level graduates give a measure
CHN (2009) 50 of supply, demand for HRST is better gauged by
IND (2008) 23 occupations. Professionals (ISCO Group 2) includes:
IDN (2008) | | 45 physicz.al, math.emaFical and engineering S(':ience
0 2 10 60 profes.smnals; 11fe.sc1ence and health profess.lonals;
o, teaching professionals; and other professionals.
Technicians and associate professionals (ISCO
Source: OECD, calculations based on EU Labour Force Survey; US Current Group 3) includes: physical and engineering science
Population Survey; Australian, Canadian, Japanese and New Zealander associate professionals; life science and health asso-

labour force surveys; Korean Economically Active Population Survey;
China Labour Statistical Yearbook 2010; Indian National Sample Survey;
and ILO, Laborsta Database, May 2011. See chapter notes.

Statlink sw=r http://dx.doi.org/10.1787/888932485842

ciate professionals; teaching associate professionals;
other associate professionals.
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3. Science and technology occupations

HRST employees by industry, 2008
As a percentage of all employees in the industry
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A

“ & o L N A& v & A N SRS 3 N SO
FTFFIFLLEFTITNTCEITITLIFTSLSeFES

Source: OECD, ANSKILL Database (internal use only), June 2011. See chapter notes.
Statlink sz=m http://dx.doi.org/10.1787/888932485861

HRST growth by industry, 1998-2008

Average annual growth rate
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Source: OECD, ANSKILL Database (internal use only), June 2011.
Statlink sz http://dx.doi.org/10.1787/888932485880

Measurability

Human resources in science and technology (HRST) are defined on the basis of both educational attainment and
occupations. Cross-tabulations of both variables are available from labour force surveys. However, when the industry
dimension is added to the breakdown, sample sizes become smaller and the representativeness of the data can be
weakened. The use of labour force survey tabulations with the unique occupation dimension is mainly motivated by
the availability and comparability of such data across countries. Human resource indicators can also be built from
administrative data such as linked employer and employee surveys.

On the basis of earlier work by the OECD and Eurostat in the framework of the “Manual on the Measurement of Human
Resources Devoted to S&T”, the Canberra Manual, a new dataset, namely ANSKILL, was developed at the OECD. Its main
objective is to add a “skill” dimension to the STAN Database for Structural Analysis at the industry level. Differences
in national sources limit the ability to produce detailed sectoral breakdowns. ANSKILL covers European countries,
Australia, Canada, Japan and the United States over 1997-2008.
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Researchers by R&D performing sector, 2009
Per thousand employment

[ Business enterprise
Government
2% Unclassified

Higher education
Private non-profit

ISL 4
FIN 31
DNK 30
NZL (2007)
SWE 35
JPN 14
NOR 35
KOR (2008) 16
USA (2007) SR
PRT 43
FRA (2008) 27
CAN (2008)
AUT 26
AUS (2008)
BEL 31
GBR 38
DEU 23
IRL 32
SVN 36
OECD (2007) 88
EST 42
ESP 37
EU27
LUX 24
RUS 42
SVK 42
CHE (2008) 30
CZE 29
NLD 26
HUN 32
GRC (2007) / 36
ITA Women researchers 33
POL as a percentage 40
of total researchers
TUR 36
CHN
ZAF (2008) 40
CHL (2008) 28
MEX (2007)
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Source: OECD, Main Science and Technology Indicators Database,
June 2011.
Statlink sz=7 http://dx.doi.org/10.1787/888932485899
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4. Researchers

In 2009, more than 4.2 million researchers were engaged
in R&D in the OECD area, about 7.6 researchers per
1 000 employees, a significant increase from 6.6 per 1 000
in 1999. The five Nordic countries (Denmark, Finland,
Iceland, Norway and Sweden), Japan, Korea and New
Zealand employed more than ten researchers per
1 000 employees.

The share of women varies but is generally below that of
men, especially in the business sector. In Germany, Japan,
Korea and Luxembourg, less than a quarter of researchers
are women.

In 2009, the OECD-area business enterprise sector employed
more than 2.7 million researchers (about 65% of the total).
The higher education sector employed a quarter of OECD
researchers and 40% of those in the European Union. The
government sector employed at least 20% of the researchers
in Central and Eastern European countries where the acade-
mies of sciences, which are traditionally separate from the
universities, play a prominent role.

The share of business researchers in the national totals
differs widely. In the United States, four out of five work in
businesses, three out of four in Japan, but less than one out of
two in the EU. In Denmark, Finland, Japan and the United
States, business researchers exceed ten per 1 000 employees;
they are respectively seven and six per 1 000 in France and
Germany (close to the OECD average) and 3.5 per 1 000 in the
United Kingdom (close to the EU average).

Chile, Mexico, Poland, the Slovak Republic and South
Africa have a low intensity of business researchers (less
than one per 1 000 employees in industry). In these coun-
tries, the business sector plays a much smaller role in the
national R&D system than the higher education and
government sectors.

A non-negligible and increasing share of business research-
ers are employed in service industries owing to the growing
importance of services in the knowledge economy.

Definitions

Researchers are defined as professionals engaged in
the conception and creation of new knowledge,
products, processes, methods and systems and are
directly involved in the management of projects. The
number of researchers is here expressed in full-time
equivalent (FTE) units. A person working half-time on
R&D is counted as 0.5 person year in FTE. FTE refers to
staff engaged in R&D during the course of a given
year. FTE data are a more accurate measure of the
volume of research conducted by a country’s
researchers. Researchers are shown relative to total
employment in the OECD National Accounts. Employ-
ment in industry excludes persons engaged in real
estate, public administration and defence, education,
health and social work and private households.
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4. Researchers

Business researchers, 1999 and 2009
Per thousand employment in industry
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Researchers in manufacturing and services, 2009
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Source: OECD, Research and Development Database, May 2011. See chapter notes.
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Measurability

Data on researchers suffer from a series of limitations which are currently the focus of OECD methodological work. For
example, the methods used to calculate FTE (full-time equivalent) may vary not only from country to country but even
from sector to sector. Estimating FTE is particularly challenging in the higher education sector, as researchers share
their time with other activities such as teaching or administrative tasks. In addition, the demand for more detailed
data on researchers by fields of science or other variables needs to be addressed. At present, the breakdown of
researchers by gender is not available in countries such as Australia, Canada and the United States.
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5. R&D expenditure

Gross domestic expenditure on R&D, 1999 and 2009 Expenditure on research and development (R&D) is one of

As a percentage of GDP the most widely used measures of innovation inputs. R&D
intensity (R&D expenditure as a percentage of GDP) is used
as an indicator of an economy'’s relative degree of invest-
ISR 7S 098 ment in generating new knowledge. Several countries have
adopted “targets” for this indicator to help focus policy

2009 <& 1999

N v o decisions and public funding. Israel has the highest R&D
SWE < 139 intensity, with gross domestic expenditure on R&D (GERD)
KOR (1999, 2008) > 455 in excess of 4% of gross domestic product (GDP). The OECD
JPN ZS 15.40 average stands at 2.3%. The United States accounts for
DNK o 0.64 41% of OECD-area GERD, followed by Japan with 15% and
Germany with 8%. China’s domestic expenditure on R&D is
CHE (2000, 2008) ® 1.09 . . L
the equivalent of 12% of total OECD GERD; it is therefore the
USA (1999, 2008) G 41.24 world’s third largest R&D performer.
DEU < 8.48 The business sector continues to be the main performer of
AUT & 0.92 R&D in most economies and accounts for nearly 70% of
ISL (1999, 2008) 7S 003 R&D performed in the OECD area. Israel’s business sector
OECD (1999, 2008) o T makes the largest contribution to GERD, with nearly 89% of
total R&D, closely followed by Japan and Korea. Business
AUS (2000, 2008) > LA R&D is exceeded by R&D in the higher education sector
FRA & 4.79 only in Turkey, Greece and Poland. Across the OECD, higher
BEL > 0.80 education R&D accounts for nearly 17% of total GERD. The
CAN o 951 government is the main performer of R&D only in
Argentina, where it accounts for nearly 40% of GERD.
EU27 * 30.47 i ) ] ) ] )
SUN " T Within countries, even in the most R&D-intensive, there is
’ also considerable variation in R&D intensity. In making
GBR & 415 international and regional comparisons, it is important to
NLD O 1.29 be aware of differences in industrial structure and research
IRL ZS 029 capabilities. New Mexico is the most R&D-intensive region
NOR o 048 with 7.5% of regional GDP. In Australia, France, Germany,
Korea, Norway, the United Kingdom and the United States,
CHN > el the R&D intensity of the leading region is at least twice the
LUX (2000, 2009) & 0.07 national average.
PRT S 0.41
CZE @ 0.41
EST G 0.04 Definitions
ESP @ 2.12
The main aggregate used for international compari-
ITA @ 2.54 g . q q
sons of R&D expenditures is gross domestic expendi-
RUS 2 a1 ture on R&D (GERD). GERD data and their components
NZL (1999, 2007) S 0.16 are compiled on the basis of the OECD Frascati
HUN 7S 021 Manual 2002 methodology, which defines R&D as
ZAF (2001, 2008) % e “creatlve.work undertaken on a systematlc. ba51s. in
order to increase the stock of knowledge, including
TUR ® / 0.80 knowledge of man, culture and society, and the use of
POL O As a % of total OECD 043 this stock of knowledge to devise new applications”.
GRC (1999, 2007) > R&D expenditure, 2008 0.21 GERD is usually broken down among four sectors of
SVK o 0.06 performance: busingss enterprise, hig1.1e1.r ed}lcat'ion,
CHL (2008) 010 government and private not-for-profit institutions
: serving households (PNP). GERD is often reported in
MEX (1999, 2007) K> ‘ ‘ . 068 relative terms as a percentage of GDP, to denote the
0 9 2 3 4 5 R&D intensity of an economy. Regional R&D intensity
% is defined as total intramural expenditures on R&D

performed in the sub-national territory (the region) in

Source: OECD, Main Science and Technology Indicators Database, . . . . .
&y a given year, and it is defined relative to regional GDP.

June 2011. See chapter notes.
Statlink sz=m http://dx.doi.org/10.1787/888932485956
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R&D expenditure by performing sectors, 2009
As a percentage of GERD
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R&D intensity by region, 2007
As a percentage of regional GDP
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Statlink sz http://dx.doi.org/10.1787/888932485994

Measurability

Estimated resources allocated to R&D are affected by national characteristics: coverage of national surveys on R&D
across sectors and industries; firms and organisations of different sizes; use of different sampling and estimation
methods. Because R&D typically involves a few large performing organisations, R&D surveys use various techniques
to maintain up-to-date registers of known performers. They have developed ways to avoid double counting of R&D by
performers and companies that contract with them or fund R&D activities of third parties. Following changes to the
System of National Accounts, countries have begun to include investment in R&D (from an ownership perspective) in
their estimates of gross fixed capital formation, thus helping to raise the estimated level of GDP. Estimating R&D
intensity by region or other sub-national units presents additional challenges. In addition to information on regional
GDP levels, it requires domestic R&D performers to break down R&D activities across sites in different national
territories or regions.
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Higher education expenditure on R&D, 1999 and 2009
As a percentage of GDP
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6. Higher education and basic research

Most basic research is performed in universities and in
public research organisations, and public support is crucial.
Total higher education spending on R&D (HERD) accounts
for 0.4% of GDP in the OECD area, a share that has increased
in most countries over the last decade. Sweden has the
highest research intensity in the higher education sector at
0.9% of GDP. Denmark and Portugal have nearly doubled
their HERD intensity over the decade.

Governments rely on two main modes of direct R&D fund-
ing: institutional and project-based. Institutional funding
can help ensure stable long-run funding of research, while
project-based funding can promote competition within the
research system and target strategic areas. This is covered
by a new indicator on modes of public funding of the higher
education sector. Government R&D funding modes vary
widely and reflect the institutional settings of countries’
research systems. In Denmark, Israel, New Zealand, Austria
and Germany, institutional funding is the principal mode,
while Belgium and Korea rely mainly on project funding.
The mix of funding modes only changes over the longer
run through reforms of the research system.

On average, government and universities perform more
than three-quarters of all OECD basic research. The higher
education sector’s contribution to basic research ranges
from 80% in Chile, Ireland and Denmark to approximately
20% in Korea, the United Kingdom and the Russian
Federation. The government sector’s contribution to basic
research is largest in the Russian Federation, followed by
the Czech Republic, the Slovak Republic, Hungary and
China.

Definitions

Project funding is defined as funding attributed on the
basis of a project submission by a group or individuals
for an R&D activity that is limited in scope, budget
and time. Institutional funding is defined as the general
funding of institutions with no direct selection of R&D
project or programmes. Basic research is experimental
or theoretical work undertaken primarily to acquire
new knowledge of the underlying foundation of phe-
nomena and observable facts, without any particular
application or use in view. For the purpose of these
figures, the public sector is defined to comprise the
government and higher education sectors but to
exclude public-sector corporations which are part of
the business enterprise sector, as defined in the
Frascati Manual. The higher education sector may
include private and public corporations, as well as
private not-for-profit organisations as defined in the
System of National Accounts.
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6. Higher education and basic research

Government funding of R&D in higher education, by type of funding, 2008

[0 Government funded, institution-based Government funded, project-based
N\ N N NS Q L & > v ™ S " Q
s Q/@% NAEEECEE R N RS MR RS
S

Note: This is an experimental indicator. International comparability is currently limited.

Source: OECD, based on preliminary data from the Microdata project on public R&D funding, 2009/10.
Statlink sz http://dx.doi.org/10.1787/888932486032

Basic research performed in the public sector, 2009
As a percentage of national basic research
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Source: OECD, Research and Development Database, May 2011. See chapter notes.
Statlink sz=7 http://dx.doi.org/10.1787/888932486051

Measurability

Measures of R&D performance in the higher education sector are often estimates by national authorities and
evaluation methods are periodically revised. It is necessary to review the design and conduct of higher education
surveys to ensure the comparability of these indicators. Project-based funding to higher education includes national
R&D contracts, while institution-based funding to higher education includes general university funds (GUF) and other
institutional funds. The NESTI (OECD Working Party of National Experts in Science and Technology Indicators) project
on modes of public funding of R&D is developing new indicators by exploiting existing budget data. A NESTI Task Force
has also been set up to provide recommendations on how to improve the measurement of higher education R&D.
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Business enterprise expenditure on R&D, 1999 and 2009
As a percentage of GDP
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7. Business R&D

Business enterprise expenditure on research and develop-
ment (BERD) is considered important for innovation and
economic growth. In OECD countries, business R&D
accounts for the bulk of R&D in terms of both funding and
performance. Business R&D reached 1.6% of OECD GDP
in 2008, up slightly from 1.5% in 1999.

Foreign affiliates can play an important role in national
R&D efforts. In 2007-08 they accounted for more than one-
fifth of total business R&D in most OECD members. In some
smaller open economies, their share exceeded one-half of
total BERD. It reached 61.8% in Israel and 72.4% in Ireland.
However, their share was lowest in the two OECD econo-
mies with the largest values for BERD: 14.3% in the United
States and less than 5% in Japan.

Small and medium-sized firms (SMEs) also play an impor-
tant role in the R&D effort of most OECD countries. Their
share in total BERD tends to be larger in smaller economies:
73% in New Zealand, 71% in Estonia and 63% in Chile,
compared to less than 20% in France, Sweden, Finland, the
United States and Germany, and only 6% in Japan.

Definitions

Business enterprise expenditure on R&D (BERD)
covers R&D activities carried out in the business
sector by performing firms and institutes, regardless
of the origin of funding. While the government and
higher education sectors also carry out R&D, indus-
trial R&D is arguably most closely linked to the
creation of new products and production techniques,
as well as to a country’s innovation efforts. The
business enterprise sector includes:

e All firms, organisations and institutions whose
primary activity is the production of goods and
services for sale to the general public at an econom-
ically significant price.

e The private and not-for-profit institutions mainly
serving them.

The term “foreign affiliate” refers to affiliates under
foreign control; the geographical origin of a foreign
affiliate is the country of residence of the ultimate
controller. An investor (company or individual) is
considered to be the investor of ultimate control if it is
at the head of a chain of companies and controls
directly or indirectly all the enterprises in the chain
without itself being controlled by any other company
or individual. The notion of control implies the ability
to appoint a majority of administrators empowered to
direct an enterprise, to guide its activities and deter-
mine its strategy. In most cases, this ability can be
exercised by a single investor holding more than 50%
of the shares with voting rights.
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R&D expenditures generated by foreign-controlled affiliates, 2008
As a percentage of BERD
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Source: OECD, AFA, FATS and AMNE Databases, May 2011. See chapter notes.
Statlink sz=r http://dx.doi.org/10.1787/888932486089

Business R&D by size class of firms, 2009
As a percentage of total BERD
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Source: OECD, Research and Development Database, May 2011. See chapter notes.
Statlink sz http://dx.doi.org/10.1787/888932486108

Measurability

When assessing changes in BERD over time, it is necessary to take account of changes in methods and breaks in series,
notably in terms of the extension of survey coverage, particularly in the services sector, and the privatisation of
publicly owned firms. Identifying new and occasional R&D performers is also a challenge and OECD countries take
different approaches in their BERD surveys.

Not all activities related to foreign affiliates’ R&D are recorded in company transactions. There are intra-company
transfers (e.g. intra-company mobility of researchers) with no monetary counterparts which lead to R&D efforts that
do not appear in the statistics as R&D spending by foreign affiliates.
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ICT investment by asset in OECD countries, 2009
Percentage of non-residential gross fixed capital formation, total economy
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8. Investment in ICT

Investment in physical capital is important for growth. It is
a way to expand and renew the capital stock and enable
new technologies to enter the production process.

Information and communication technology (ICT) invest-
ment accounts for a considerable share of total fixed non-
residential investment. In 2007-09, it represented over 30%
in the United States, about 25% in Sweden and Denmark,
and over 20% in the United Kingdom and New Zealand.

Software has been the fastest-growing component of ICT
investment, reaching 19% of total fixed non-residential
investment in the United States, 18% in Sweden and over
12% in Denmark, the United Kingdom and France. Commu-
nications equipment accounted for 7.3% of total fixed non-
residential investment in New Zealand and 6% in the
United States, while information technology (IT) equip-
ment accounted for over 10% in Denmark in 2007. In the
last two decades, software has been the fastest-growing
component of ICT investment, reaching 74% in France, 72%
in Sweden, 63% in Korea and 60% in the United States.
Communications equipment accounted for over 30% of ICT
investment in Spain, Germany and New Zealand; the share
of IT equipment was over 40% in Denmark and Australia,
37% in Austria and over 30% in Germany, the United King-
dom and New Zealand.

Over 2000-09, ICT investments provided a significant
contribution to labour productivity growth in a number of
OECD countries. They accounted for 66% of labour produc-
tivity growth in Denmark, over 50% in Switzerland, Belgium
and Canada, and no less than 40% in the Netherlands, New
Zealand and Australia. However, the higher growth rates in
labour productivity in Korea, Ireland, the United Kingdom,
the United States and Japan are mainly explained by the
rise in multi-factor productivity.

Definitions

Investment is defined in accordance with the 1993
System of National Accounts. ICT investment covers
the acquisition of equipment and computer software
used in production for more than one year. ICT has
three components: information technology equip-
ment (computers and related hardware); communica-
tions equipment; and software. Software includes
acquisition of pre-packaged software, customised
software and software developed in-house.

Labour productivity is defined as GDP per hour worked.
Multi-factor productivity measures overall efficiency in
the use of production inputs. Labour productivity
growth is explained by the rate of growth in capital
inputs (ICT and non-ICT capital) and by multi-factor
productivity growth.
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8. Investment in ICT

Contribution of ICT capital growth to labour productivity growth, 2000-09
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Source: OECD, Productivity Database, June 2011.
Statlink sz=m http://dx.doi.org/10.1787/888932486146

Measurability

Correct measurement of investment in ICT, in both nominal and volume terms, is crucial for estimating the
contribution of ICT to economic growth and performance. In the national accounts, expenditure on ICT
products is considered investment only if the products can be physically isolated (i.e. ICT embodied in
equipment is considered not as investment but as intermediate consumption). This means that ICT
investment may be underestimated and the order of magnitude may differ depending on how countries
treat intermediate consumption and investment. In particular, expenditure on software has only recently
been treated as capital expenditure in national accounts, and methodologies still vary considerably.
Difficulties for measuring software investment are also linked to how software is acquired, e.g. via rental
and licence or embedded in hardware. Moreover, software is often developed on own account. To tackle
specific problems regarding software in the SNA93 revision of national accounts, a joint OECD-EU Task
Force on the Measurement of Software in the National Accounts has developed recommendations for the
capitalisation of software. These are being implemented by OECD member countries. Other issues that
affect international comparability of ICT capital relate to deflators applied, breakdown by institutional
sector and temporal coverage.
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Cyprus
The following note is included at the request of Turkey:

“The information in this document with reference to ‘Cyprus’ relates to the southern part of the Island. There is no
single authority representing both Turkish and Greek Cypriot people on the Island. Turkey recognises the Turkish
Republic of Northern Cyprus (TRNC). Until a lasting and equitable solution is found within the context of the
United Nations, Turkey shall preserve its position concerning the ‘Cyprus issue’.”

The following note is included at the request of all the European Union member states of the OECD and the
European Commission:

“The Republic of Cyprus is recognised by all members of the United Nations with the exception of Turkey. The information
in this document relates to the area under the effective control of the Government of the Republic of Cyprus.”
Israel

“The statistical data for Israel are supplied by and under the responsibility of the relevant Israeli authorities. The use
of such data by the OECD is without prejudice to the status of the Golan Heights, East Jerusalem and Israeli
settlements in the West Bank under the terms of international law.”

“It should be noted that statistical data on Israeli patents and trademarks are supplied by the patent and trademark
offices of the relevant countries.”

Graduation rates at doctorate level, 2000 and 2009

Gross graduation rates for France, Ireland, Japan, Mexico, the Netherlands, Poland, the United States and the
Russian Federation.

Science and engineering graduates at doctorate level, 2009

National sources are: Nordic Institute for Studies in Innovation, Research and Education (NIFU), May 2011
for Norway; China Statistical Yearbook 2010 for China; The Ibero-American and Inter-American Network for
Science and Technology Indicators (RICYT), Indicators Database, May 2011 for Brazil; the Ministry of Science
and Technology of India, Research and Development Statistics 2007-08 for India and South African Council of Higher
Education, May 2011 for South Africa.

For Norway, data are based upon NIFU’s Doctoral Degree Register which includes all doctoral and licentiate
degrees (equivalent to a PhD degree).

For Brazil, China, India and South Africa, available breakdowns by field of study were adapted in order to map as
much as possible to ISCED-1997 fields of study.

For South Africa, data refer exclusively to public universities where 99.6% of the doctorate holders graduated
in 2009.
Science and engineering graduates at doctorate level, by country of graduation, 2009

For Greece and Italy, data refer to 2007.

Employment rate of doctorate holders by gender, 2009

For Belgium, Germany, the Netherlands and Spain, data relate to graduates from 1990 onwards only.
For Denmark, Finland, Israel, Poland and the United States, the total economy employment rate refers to 2008.
For Spain, the sample has limited coverage of doctorate holders for the years 2007 to 2009.

Doctorate holders on temporary contracts over career path, 2009

For Belgium, the Netherlands and Spain, data relate to graduates from 1990 onwards only.
For the Russian Federation, data relate only to those doctoral graduates employed as researchers and teachers.
For Spain, the sample has limited coverage of doctorate holders for the years 2007 to 2009.
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Difference in median gross annual earnings of doctorate holders working as researchers
and as non-researchers, 2009

All sectors include the business enterprise, government, higher education, other education and private non
profit sectors.

For Belgium, the Netherlands and Spain, data relate to graduates from 1990 onwards only.
For Spain, the sample has limited coverage of doctorate holders for the years 2007 to 2009.

HRST occupations, 2010

Technicians and associate professionals include trade workers for Australia.
For Brazil, data exclude rural population of Ronddnia, Acre, Amazonas, Roraima, Pard and Amapa.
For India, data refer to July 2007-June 2008 period covered by the Indian National Sample Survey.

HRST employees by industry, 2008

In Japan, teaching professionals’ data by industry are suppressed due to confidentiality, which is likely to result
in underestimation of total HRST numbers.

Researchers in manufacturing and services, 2009

Different national practices in the distribution of researchers across industries may affect the breakdown
between manufacturing and services.

Gross domestic expenditure on R&D, 1999 and 2009

For Israel defence is excluded.

R&D expenditure by performing sectors, 2009

For Israel defence is excluded.

R&D intensity by region, 2007

The regional breakdown is provided at Territorial Level 2 (TL2).
Data for Chile, Estonia, Iceland, Israel, Japan, Mexico, New Zealand, Slovenia, Switzerland and Turkey are not

available at the regional level.
Higher education expenditure on R&D, 1999 and 2009
Excluding R&D in the social sciences and humanities: Israel (1999 and 2009) and Korea (1999).

Excludes most or all capital expenditure for the United States.

Basic research performed in the public sector, 2009

Higher education data excludes R&D in the social sciences and humanities for Israel.

Total cost (current and capital) included for all countries except Chile, Estonia, Norway, Poland, the
Russian Federation, Spain and the United States, for which only current costs are included.

For Switzerland for Government, Federal or Central government only.

Business enterprise expenditure on R&D, 1999 and 2009

Excludes most or all capital expenditure for the United States.

For Israel defence is excluded.

R&D expenditures generated by foreign-controlled affiliates, 2008

Financial intermediation excluded for Japan.

Community, social and personal services excluded for Austria and Slovenia.
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Business R&D by size class of firms, 2009

Small firms (fewer than 50 employees): for the United States, 5-49 employees; for Luxembourg, the Netherlands
and Sweden, 10-49 employees. Medium-sized firms (50-249 employees): for Japan, fewer than 299 employees. For
Japan, the survey excludes firms with a capital of less than JPY 10 million.

ICT investment by asset in OECD countries, 2009

ICT equipment is defined here as computer and office equipment and communication equipment; software
includes both purchased and own account software. Software investment in Japan is likely to be underestimated,
owing to methodological differences.
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3. CONNECTING TO KNOWLEDGE

Public-private cross-funding of R&D
International funding of R&D

Science links

Technology-science linkages
International mobility

Mobility at the workplace

Innovation and knowledge flows
Collaboration in business value chains

© O NOU AW N e

. International collaboration on innovation
10. Technology flows

Notes

References

In an economy increasingly based on knowledge and innovation, the development of fully
functioning knowledge transmission channels can have a significant impact on the efficiency and
effectiveness of the innovation effort. Knowledge linkages and diffusion are hard to measure.
One first channel of transmission is the cross-funding of R&D, both among institutions at home
and internationally. New citation based indicators on the impact of scientific output show that
collaboration among institutions is an increasingly pervasive and important feature of top
quality research. Citation analysis is one way to capture science and industry linkages. Another
set of indicators tries to deal with dimensions which are much harder to measure: the mobility of
students and workers (and the tacit knowledge they carry with them). Innovation is a complex
process which often involves many actors and linkages. Innovation surveys can help shed light
on sources of knowledge and on the value of collaboration for innovative firms. Who is capturing
the returns to innovation? Indicators of technology flows show that knowledge has no borders
and is increasingly applied in a different country from the one in which it was obtained. New
ways of looking at traditional indicators (for example, foreign ownership of inventions) can shed
some light, although it is clear that developing metrics of knowledge flows, as well as of markets
for knowledge, is still uncharted territory.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY SCOREBOARD 2011 © OECD 2011 89



. CONNECTING TO KNOWLEDGE

Government-financed R&D in business, 1999 and 2009
As a percentage of R&D performed in the business sector
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There is a complex interplay between the public and private
sectors in the funding and performance of R&D. Govern-
ments choose among various tools to leverage business
sector R&D. Traditionally, they fund R&D activities directly
via grants or procurement. More than 15% of business R&D
(BERD) is funded directly by government in the Russian
Federation, South Africa, Spain, Hungary and Turkey. In the
OECD area, the government funds nearly 7% of total BERD,
down from nearly 9% in 1999. The countries with the largest
funding by government have had the largest increases; in
the Russian Federation it rose from 40% to 57%. Poland, Esto-
nia, the Slovak Republic, Italy, Israel (which excludes defence
R&D) and Portugal had the sharpest reductions in the
relative importance of government funding. Reductions
have been smaller in the United States, Germany and China.

Countries differ significantly in their “public” systems of
R&D performance, with varying combinations of govern-
ment research institutes and private or public universities
relying to different degrees on government funding. To
analyse the business sector’s contribution to R&D per-
formed in this quasi-public domain, the government and
higher education sectors are pooled in order to improve
international comparability. Business-sector funding of
R&D in the domestic higher education and government
sectors is highest in Hungary, the Netherlands, China,
Turkey, the Russian Federation and Germany. Across the
OECD, the situation has not changed significantly over time
in this respect, but there are substantial increases in
Germany, the Netherlands and Hungary and substantial
decreases in Slovenia, South Africa, Poland and the
United Kingdom.

Definitions

Government-funded business R&D is the component of
BERD that companies attribute to direct government
(central, regional or local) funding when describing
the sources of funds for intramural R&D expen-
ditures. It includes grants, some types of loans and
procurement, but not R&D tax incentives or equity
investments as in the case of public corporations.
Business-funded R&D in the higher education and gov-
ernment sectors (in the form of grants, donations and
contracts) is the domestic business enterprise sector’s
contribution to intramural R&D expenditures in those
sectors.
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1. Public-private cross-funding of R&D

Business-funded R&D in the higher education and government sectors, 1999 and 2009
As a percentage of R&D performed in these sectors (combined)
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Source: OECD, Research and Development Database, May 2011. See chapter notes.
StatLink sz=7¥ http://dx.doi.org/10.1787/888932486184

Measurability

Estimating cross-sector funding flows for R&D relies mainly on the ability of surveys and other statistical
instruments to identify the various sources of funding for intramural R&D expenditures. According to the
OECD Frascati Manual, identification of a flow of funds requires a direct transfer of resources and the
transfer must be both intended and used for the performance of R&D. Loans to be repaid under normal
market conditions are not considered transfers and therefore are not covered by the definition. Because
some loans may ultimately not be repaid in full, it can be complex to identify in advance which types of
loans should be excluded in practice. The existence of subcontracting and intermediaries also raises a
challenge for identifying the ultimate source of funds, for example in the case of funding from
supranational organisations that is distributed by national intermediaries.
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R&D funds from abroad, 2009

As a percentage of business enterprise R&D
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Funding of business enterprise research and development
(BERD) may be national or foreign. It may originate from
private business, public institutions (government and
higher education), or international organisations. Research
and development (R&D) funding from abroad includes, for
instance, R&D performed by affiliates of foreign-owned
companies, R&D undertaken under contract on behalf of
companies based abroad or research grants from inter-
national organisations. On average, R&D funding from
abroad plays quite an important role in the funding of busi-
ness R&D. In the EU, it represented around 10% of total
business enterprise R&D in 2008. The weight of foreign
multinationals in the economy and in the domestic
production of technology appears to matter. For Austria,
Ireland, the Slovak Republic and the United Kingdom,
funds from abroad represented 20% or more of total
business enterprise R&D.

In most countries, the financing of business enterprise
R&D from abroad comes mainly from other business
enterprises. In a group of 19 countries for which data are
available, only France, Spain, Slovenia and Portugal report
foreign business enterprises contributing less than 80% of
the total foreign funds for R&D. Korea, the United Kingdom,
the Slovak Republic and Austria report the highest values.

Within the R&D funds reported to come from foreign
enterprises, 16 countries are able to report the proportion
corresponding to intra-company funding or funding from
other firms. Among these, only Slovenia reports a higher
share of funds from non-related companies, which account
for nearly 70% of total funds from abroad. The proportion
accounted for by enterprises from the same group is largest
for Finland, Hungary, Portugal and the Slovak Republic.

Definitions

R&D surveys collect information from R&D perform-
ers about the sums which one unit, organisation or
sector has received or will receive from another unit,
organisation or sector for the performance of intra-
mural R&D during a specific period. Companies are
required to provide a breakdown of their R&D expen-
ditures according to the sources of funds, which can
be either internal or received from units belonging to
the different sectors specified in the Frascati Manual,
one of which is “Abroad”. This consists of all institu-
tions and individuals located outside the political
borders of a country, excluding vehicles, ships,
aircraft and satellites operated by domestic entities
and testing grounds acquired by such entities. It also
includes all international organisations (except busi-
ness enterprises), including facilities and operations
within the country’s borders.
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2. International funding of R&D

Business enterprise R&D funded from abroad, 2009
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R&D funding from foreign enterprises, 2009
As a percentage of funds from abroad

% [0 Enterprises within same group Other business enterprises

@@‘\ o D S g

& A
@Q\ N %gv & Q@% <& QQ‘Y (8‘,2 &
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Measurability

The increasing internationalisation of research and development (R&D) and other economic activities makes it
difficult to identify accurately inflows of R&D funds to companies and their precise nature. For example, there is a
growing need to measure international R&D transactions properly and to deal with the problem of non-priced transfer
of R&D within multinational enterprises. R&D surveys are commonly used to collect statistics on international flows
of funds for R&D. A new Task Force of the OECD Working Party of National Experts on Science and Technology
Indicators (NESTI) has begun a review of the design of business R&D surveys with a view to ensuring that the questions
in these surveys can help achieve better measurement of international R&D transactions in order to help meet the
needs of the System of National Accounts (SNA) and build a bridge between R&D and globalisation statistics.
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The quantity and quality of scientific production, 2009
Publications (whole counts)
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Publications in top journals provide a measure of “quality-
adjusted” research output. Switzerland has the highest rate
of high-quality publications on a per capita basis among
OECD and BRIICS (Brazil, the Russian Federation, India,
Indonesia, China, South Africa) countries, followed by
Sweden and Denmark. In absolute numbers, the United
States is the leading producer of publications in top
journals, followed by the United Kingdom. If total publica-
tions are considered, independently of quality, the United
States remains the leader but China takes the second posi-
tion. The share of emerging economy publications in the
world total is rising fast although the percentage published
in top quartile journals is below the world average.

Collaboration among institutions is an increasingly per-
vasive and important feature of scientific research. The
indicators show that international scientific collaboration
results in research with high impact (as measured by
citations) - and that the broader the collaboration, the
higher the impact of the research.

Small countries are generally more likely to engage in
international collaboration than larger ones although this
is not always the case and there are differences among
disciplines. The average impact of publications not involv-
ing international collaboration tends to be, at best, above
the world average (medium impact). The best average
outcomes for publications not involving any type of institu-
tional collaboration are reported for countries with high
publication output per capita or with sizeable research
institutions that offer broad scope for significant collabora-
tion among researchers.

Definitions

Publication counts in top quartile journals are defined as
publications in the reference period by authors affiliated
to an institution in a given country published in the
most influential 25% of the world’s scholarly journals in
their category, as ranked by the SCImago Journal Rank
(SJR) indicator (www.scimagoir.com) on the basis of
citation data. Collaboration is defined as co-authorship
involving different institutions. International collaboration
refers to publications co-authored with institutions in
another country. International and national collaboration
refers to co-authorship involving both foreign and
domestic institutions. National collaboration concerns
publications co-authored with institutions within the
reference country. No collaboration refers to publications
not involving co-authorship across institutions and
includes single-author articles as well as intra-
institutional collaboration. Normalised impact is the ratio
of the average number of citations received by the docu-
ments published by a specific unit to the world average
of citations of the same time period, document type and
subject area. If an article belongs to several subject
areas, a mean value of the areas is calculated.
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The impact of international scientific collaboration by institutions on research output, 2009
Publications by impact and type of collaboration, per 1 000 inhabitants
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See chapter notes.
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The impact of domestic scientific collaboration by institutions on research output, 2009
Publications by impact and type of collaboration, per 1 000 inhabitants
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Source: OECD and SCImago Research Group (CSIC) (forthcoming), Report on Scientific Production, based on Scopus Custom Data, Elsevier, June 2011.
See chapter notes.
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Measurability

The frequency of citations to journals in which scholars from different institutions and countries publish can be
considered an objective measure of the quality of a journal’s standards and the material it publishes. Information on
institutions’ publications in the top quartile of journals, ranked by the citations that those journals typically achieve,
can therefore serve as an indicator of the expected impact of institutions’ scientific production.

Publications are attributed to countries on the basis of the authors’ institutional affiliations. When attributing publications
to a given unit, such as a country, it is important to find an appropriate way to count publications that involve
co-authorship across units. One approach is to fractionalise publications by contributing units; this allows the reported
figures to add up to the total number of publications. An alternative, which does not penalise a unit for engaging in
collaborative authorship, is to report total counts per unit; this is the “whole counts” approach. Although the chosen
method does not greatly affect country rankings, care should be exercised when interpreting either type of results.
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Patents citing non-patent literature (NPL) and average
citations received per patent cited, by technology field,
2005-10

Average share of NPL in total citations and average number of forward citations
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The degree to which applied technological developments, in
the form of patented inventions, are linked to basic science
is difficult to determine. However, most patent applications
include a list of references - citations - to earlier patents and
to non-patent literature (NPL), e.g. scientific papers, that set
the boundaries of patents’ claims for novelty, inventive
activity and industrial applicability. References are added by
the applicant or the patent examiner to reflect the “prior art”
that inventions have built upon. Backward citations to NPL
can show how close a patented invention is to scientific
knowledge, whereas forward patent citations can show the
importance of a patent for the development of other
technologies.

The percentage of NPL cited in patent documents varies
considerably across sectors. More than 30% of citations in
biotechnology, biomaterials and pharmaceuticals patents
refer to scientific papers, while patents in machinery and
transport seem to rely less on basic science. Regardless of
reliance on basic or applied knowledge, all sectors seem to
receive the same average number of forward citations per
cited patent - about 1.4.

On average, 20% of citations to patents are to those
containing NPL. This is much higher in biotechnology,
pharmaceuticals and digital communications reflecting the
relevance of scientific knowledge for subsequent develop-
ments. Patents that rely less on scientific knowledge are
typical of mature technologies.

In general, the share of NPL in backward citations has
increased over time, suggesting that patented inventions
increasingly rely on scientific knowledge. Differences in
country and sector patterns can reflect the maturity of
technologies and countries’ stage of economic develop-
ment. Reliance on scientific knowledge is highest for
biotechnology and in the BRIICS (Brazil, the Russian
Federation, India, Indonesia, China and South Africa)
during 2005-10.

Definition

Non-patent literature consists of peer-reviewed scientific
papers, conference proceedings, databases (e.g. DNA
structures, gene sequences, chemical compounds, etc.)
and other relevant literature. Backward citations are
references to patents and NPL contained in a patent
document, whereas forward citations are citations
received by a patent. A patent’s share of NPL citations
is calculated as the ratio between the number of NPL
citations and the overall number of citations contained
in a patent document. References to certain types of
NPL such as patent abstracts and commercial patent
databases are excluded. Technology fields are defined
according Schmoch’s classification (WIPO, 2010) and
rely on the International Patent Classification (IPC)
codes in the patent document.
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Citations to patents that include non-patent literature (NPL), by technology field, 2005-10
As a percentage of total forward citations
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Source: OECD, calculations based on the Worldwide Patent Statistical Database, EPO, April 2011. See chapter notes.
Statlink sz= http://dx.doi.org/10.1787/888932486336

Patents citing non-patent literature (NPL), selected technologies, 1995-2000 and 2005-10
Share of citations to NPL in backward citations, average
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Source: OECD, calculations based on the Worldwide Patent Statistical Database, EPO, April 2011. See chapter notes.
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Measurability

Only patents published by the European Patent Office (EPO) are considered. Forward citation counts are based on EPO
patents cited and take into account patent equivalents, that is, patent documents protecting the same invention at
several patent offices. Only forward citations deemed particularly relevant for the examined patent - i.e. citations that
examiners classify as X or Y (see OECD Patent Statistics Manual, 2009) — are considered. Forward citations are counted
over a period of 5 years after the publication date (typically 18 months after the application filing date). This should
allow observation of the different citation patterns in the technologies considered. Backward counts instead consider
all NPL cited in the patent document and are not restricted to X or Y classes. Fractional counts are used to assign
patents to technology fields and to countries for both backward and forward citations. All citation counts include
self-citations. The results shown may be contingent upon the data source used, the citation and counting methods
used and the observation period.
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. CONNECTING TO KNOWLEDGE

International and foreign students enrolled
in tertiary education, 2009
By field of education

Sciences

Engineering, manufacturing and construction
Agriculture, health, welfare and services

7772 Humanities, arts and education
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Source: OECD (2011), Education at a Glance 2011: OECD Indicators, OECD
Publishing, Paris. See chapter notes.
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Higher education and research systems have become more
internationalised over the past decades. The internatio-
nalisation of higher education can be gauged by the inter-
national mobility of students and that of research systems
by internationally mobile holders of doctorates. During
their studies and afterwards, the latter contribute to the
advancement of research in the host country. When return-
ing home, they bring back new competences and connec-
tions with international research networks.

International students primarily study social sciences,
business and law. Only in Sweden, Finland, Germany and
the United States do science and engineering (S&E) pro-
grammes attract more than one-third of all international
students. In 16 out of 28 economies, the share of interna-
tional and foreign students enrolled in science and engi-
neering surpasses that of national students. This pattern is
more pronounced at the doctoral level.

International mobility has involved an average of around
14% of doctorate holders over the past ten years. Although
the United States stands as the first destination, intra-
European flows, especially towards France, Germany and
the United Kingdom, dominate in Europe. While outward
mobility seems mainly academic or job-related, personal
and family reasons are more prominent in decisions to
return home.

Definitions

International students are students who have crossed
borders expressly with the intention to study. The
UNESCO Institute for Statistics, the OECD and Eurostat
define as international students those who are not
residents of their country of study or those who
received their prior education in another country.
When data on international students are not available,
data on foreign students are used. Foreign students are
defined according to their citizenship. The fields of
education correspond to those defined in the Interna-
tional Standard Classification of Education (ISCED-97).
A doctorate holder has received an advanced research
qualification at Level 6 of ISCED-97. He/she is consid-
ered as internationally mobile if he/she has since
moved to a country other than that of his or her usual
residence for a period of at least 3 months, except
when the move was for recreation, holiday, visits to
friends and relatives, medical treatment or religious

pilgrimage.
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5. International mobility

International mobility of doctorate holders, by last destination, 2009
Percentage of national citizens with a doctorate having lived/stayed abroad in the past ten years
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Source: OECD, based on OECD/UNESCO Institute for Statistics/Eurostat data collection on careers of doctorate holders 2010, June 2011.

See chapter notes.

Measurability

Statlink sz http://dx.doi.org/10.1787/888932486393

The measurement of international mobility poses a real challenge to statisticians, mainly because of the
difficulty of tracking a moving target. International mobility is often approximated by measures of stocks
(e.g. foreign citizens or foreign-born) and not of flows (move to another country). A further complication is the
difficulty of differentiating temporary mobility from migration. The OECD has made good progress in
developing better statistics on international mobility and migration, notably of international students and
other categories, using the results of the 2000 worldwide cycle of censuses. The Careers of Doctorate Holders
(CDH) project has developed a new means of capturing mobility through the use of a new definition of
internationally mobile doctorate holders and a series of questions on the national origin, the list of countries
in which doctorate holders have studied, worked or carried out research and the reasons for mobility.
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. CONNECTING TO KNOWLEDGE

Job-to-job mobility of human resources in science
and technology (HRST), 25-to-64-year-olds,
2000 and 2010

As a percentage of total employed HRST
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Source: OECD, based on ad hoc tabulations of European Labour Force
Surveys, Eurostat, May 2011.
Statlink =7 http://dx.doi.org/10.1787/888932486412
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Interaction and learning within firms enable human
resources in science and technology (HRST) to share infor-
mation, challenge existing patterns, and experiment and
collaborate to improve products and processes. “Brain
circulation” across jobs, firms and sectors of activity can
stimulate knowledge transfer, application of knowledge to
new problems, and lead to the adoption of best practices,
greater openness, creativity and innovation. It may also
involve a loss of human capital for companies that invest in
developing their workers’ skills.

Job-to-job mobility figures for 2010 show that HRST work-
ers in Nordic countries and the United Kingdom were more
mobile than those in other EU countries, with at least 8%
having changed jobs over the previous year. Although year-
to-year estimates can be volatile, they suggest that mobility
generally decreased from 2000 to 2010.

Alook at the occupational groups defined as HRST does not
reveal systematic differences in mobility across categories
of HRST. Their mobility appears to be similar to that of
other employees, except in Austria, Turkey, Spain and
Hungary where HRST are less mobile.

HRST acquire different knowledge and skills in different
sectors. Sectoral mobility may reflect the fact that HRST
skills can be applied to different domains of activity, or it
may be due to a shift in the economic weight of certain
industries or a change in demand for skilled workers.
Mobility across sectors differs widely from country to
country: it ranges from 9% to 60% of all HRST who change
employers. In Estonia, France, Finland and the Slovak
Republic, more than 50% of HRST who moved reported a
change in sector of economic activity from 2009 to 2010. In
contrast, most HRST mobility in Germany, Sweden and
Slovenia occurred within sectors.

Definitions

Human resources in science and technology (HRST) describes
individuals in science and technology occupations, such
as professionals, technicians and associate profession-
als, as well as those in other occupations who success-
fully completed a tertiary-level education in science and
technology. Job-to-job mobility is the movement of an
employee from one job to another from one year to the
next. It excludes inflows into the labour market from a
situation of unemployment or inactivity. Inter-sector
mobility reflects the flow of employed HRST whose
economic activity at the NACE two-digit level differs
from that of the previous year as a percentage of
employed HRST who changed employers over the one-
year period. The rates are calculated for those employed
both in the present and previous years and whose
economic activity and HRST status could be identified.
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6. Mobility at the workplace

Job-to-job mobility of HRST by occupation, 25-to-64-year-olds, 2010

As a percentage of total employed in relevant group
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Source: OECD, based on ad hoc tabulations of European Labour Force Surveys, Eurostat, May 2011. See chapter notes.
Statlink sz http://dx.doi.org/10.1787/888932486431

Inter-sector mobility of HRST, 25-to-64-year-olds, 2010
As a percentage of HRST changing employer
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Source: OECD, based on ad hoc tabulations of European Labour Force Surveys, Eurostat, May 2011. See chapter notes.
Statlink sz http://dx.doi.org/10.1787/888932486450
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Measurability

Although the importance of mobility of human resources in science and technology (HRST) is widely recognised, there
are no internationally comparable data on their mobility. Very few labour-force or related household surveys collect
information that can be used to estimate job and sector mobility patterns for sufficiently large samples. The European
Labour Force Surveys are one of the few harmonised sources which can be reliably used for this purpose. The analysis
of HRST mobility needs to take into account the problem of collecting retrospective information from respondents
who typically constitute relatively small populations. These limitations make it difficult to obtain reliable estimates
for analysing and comparing mobility patterns across groups and time, especially beyond NACE two-digit and/or ISCO
two-digit levels. Inter-sector mobility rates may also depend on the level of aggregation in the NACE digits. To
understand the effects of mobility of highly skilled workers on innovation, more detailed, internationally comparable
statistics are required.
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3. CONNECTING TO KNOWLEDGE

Sources of knowledge for innovation by type, 2006-08 Innovation is a complex process and often involves many
Percentage of innouative firms citing source as “highly important” actors and linkages. One way to capture its systemic
for innovation dimension is to examine which information sources firms

use for their innovation activities. Internal sources are
often reported as the most important for innovation, but in
some countries external market sources predominate.
Institutional sources play a much smaller role: generally,

Institutional sources (higher education, government)
Market sources (suppliers, customers, competitors, etc.)
Internal sources (within firm/group)

NZL (2008-09) ?ess than 10% of innovating firms rank them as “highly
i important”.
ISR In addition to sourcing information from other firms or insti-
- tutions, collaboration can be a key vector of innovation-
CHL (2007-08) related knowledge flows. In particular, collaboration with
E public research organisations (higher education or govern-
LUX ment research institutes) can be an important source of
R knowledge transfer between science and industry. This
FIN mainly concerns large firms: in most countries large firms
I are usually twice to three times more likely than small and
SVN medium-sized enterprises (SMEs) to engage in such collabo-
FRA i ration. More than half of all innovating large firms in
& Finland, Hungary, Austria and the Slovak Republic collabo-
DEU rate with public institutions, compared to less than one in
I ten in the Russian Federation, Chile and Mexico.
BEL
GBR
HUN
B Definitions
POL
N The current Oslo Manual (OECD/Eurostat, 2005)
ESP defines innovation as the implementation of a new or
i significantly improved product (good or service) or
NLD process, a new marketing method, or a new organisa-
ZAF (2005-07) i tiona} m.ethod in business. practices, workplace
g organisation or external relations.
BRA For the majority of indicators, innovative firms are
- defined as firms with product, process or ongoing/
ITA abandoned innovation activities, following the
- approach of the Community Innovation Survey (CIS).
SVK In other national surveys, innovative refers to all types
" of innovation (including non-technological).
0z Internal sources of information include any source
EST I within the enterprise or enterprise group. Market
& sources include suppliers of equipment, materials,
PRT components or software, clients or customers,
& competitors or other enterprises of the same sector
RUS (manufacturing) and consultants, commercial labs or private R&D
- institutes. Institutional sources include universities or
CHE other higher education institutions and government
- or public research institutes.
TUR The classification of firms by size follows the
0 2‘0 4‘0 6‘0 8‘0 ] 00‘ recommendations of the Oslo Manual. It is calculated
% on the basis of number of employees. SMEs are firms
with 10-250 employees, with some exceptions:
Source: OECD, based on Eurostat (CIS-2008) and national data sources, New Zealand: 6+; the Russian Federation 15+; China:

June 2011. See chapter notes.

. at least CNY 5 million in turnover. For South Africa,
Statlink sz=7¥ http://dx.doi.org/10.1787/888932486469

firm size is based on turnover.

102 OECD SCIENCE, TECHNOLOGY AND INDUSTRY SCOREBOARD 2011 © OECD 2011


http://dx.doi.org/10.1787/888932486469

7. Innovation and knowledge flows

Firms collaborating on innovation with higher education or government research institutions
by firm size, 2006-08

As a percentage of innovative firms in each size category
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Source: OECD, based on Eurostat (CIS-2008) and national data sources, June 2011. See chapter notes.
Statlink sz http://dx.doi.org/10.1787/888932486488

Measurability

Despite a gradual process of harmonisation based on the Oslo Manual, there still remain some significant
differences in methodology and survey design between the Community Innovation Survey (CIS), which is
carried out throughout Europe, and other national innovation surveys. Differences that may affect the
comparability of indicators include sectoral coverage, size thresholds, sampling methods as well as
differences in the filtering of firms (innovators/non-innovators) throughout the survey questionnaire.
There are also differences in the scope of some questions: for example, in the CIS questions on
collaboration refer only to product/process innovation (so would not be asked to firms that only have
non-technological innovation) while in other surveys they cover all types of innovators. Finally, the CIS uses
a three-year reference period (i.e. firms are asked about their innovation activities over the last three years),
while some countries use a shorter period (generally two years) which may also affect the comparability of
some indicators.
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NECTING TO KNOWLEDG

8. Collaboration in business value chains

Firms collaborating on innovation activities,
by size, 2006-08

As a percentage of innovative firms
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Source: OECD, based on Eurostat (CIS-2008) and national data sources,
June 2011. See chapter notes.
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During 2006-08, in the great majority of countries, large
firms were significantly more likely to collaborate on
innovation than small and medium-sized enterprises
(SMEs). Among SMEs, the rate of collaboration is between
25% and 40% of innovative firms in half of the countries
surveyed, but it varies widely for large firms. More than 70%
of large innovative firms collaborated on innovation in
Denmark, Slovenia, Finland, Belgium, the United Kingdom
and Austria, while less than one-third did so in China,
Brazil and Mexico.

In addition to firm size, patterns of collaboration differ in
terms of types of partners. Among large firms, suppliers
usually play a main role, but in the United Kingdom, Korea,
Luxembourg, Australia and Germany, collaboration with
clients is equally or even more important. This may reflect
increasing integration along value chains as well as the
growing importance of user-driven innovation.

Definitions

The classification of firms by size follows the
recommendations of the Oslo Manual. It is calculated
on the basis of number of employees. SMEs are firms
with 10-250 employees, with some exceptions:
New Zealand: 6+; the Russian Federation 15+; China:
at least CNY 5 million in turnover. For South Africa,
firm size is based on turnover.

Collaboration involves “active participation in joint
innovation projects with other organisations” but
excludes pure contracting out of work. It can involve
the joint development of new products, processes or
other innovations with customers and suppliers, as
well as horizontal work with other enterprises or
public research bodies. For Switzerland it only
includes collaboration on research and development
(R&D).
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8. Collaboration in business value chains

Firms collaborating on innovation activities with suppliers and clients, by firm size, 2006-08
As a percentage of innovative firms
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Source: OECD, based on Eurostat (CIS-2008) and national data sources, June 2011. See chapter notes.
Statlink sz=7 http://dx.doi.org/10.1787/888932486526

Measurability

Indicators of collaboration on innovation only reflect the existence of some sort of collaboration, but not
the type, frequency or intensity. Collaboration refers to product/process innovation in the Community
Innovation Survey (CIS), but to all types of innovation (including non-technological) in some other surveys.

In the CIS, innovative firms have product/process or ongoing/abandoned innovations, but in some other
surveys they include all types of innovators (including non-technological).
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. CONNECTING TO KNOWLEDGE

National and international collaboration on innovation
by firms, 2006-08

As a percentage of innovative firms
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Collaboration with foreign partners can play an important
role in the innovation process by allowing firms to gain
access to a broader pool of resources and knowledge at
lower cost and to share the risks. It can take a variety of
forms and levels of interaction ranging from simple
one-way information flows to highly interactive and formal
arrangements.

Collaboration rates vary widely across countries. In some,
collaboration mainly involves national partners (e.g. Korea,
China, Australia, Chile), but in most there is a greater
balance between national and foreign partners. In some
countries firms are strongly oriented towards international
collaboration (e.g. Luxembourg, the Slovak Republic,
Finland and Switzerland).

Size is a strong determinant of foreign collaboration: large
firms have a much higher propensity to collaborate inter-
nationally than SMEs (usually twice to three times as
much), but in Australia, the United Kingdom and Israel the
gap is narrower. In Korea, Brazil, China and Spain, which
have relatively low international collaboration rates, there
is almost no participation by SMEs.

Among European firms, intra-European collaboration
remains the predominant form of cross-country co-operation
on innovation. In terms of collaboration outside Europe,
European firms tend to partner mainly with US firms,
although collaboration with firms in China and India is
significant in Sweden, Finland and Belgium.

Definitions

The classification of firms by size follows the
recommendations of the Oslo Manual. It is calculated
on the basis of the number of employees. SMEs are
firms with 10-250 employees, with some exceptions:
New Zealand: 6+; the Russian Federation: 15+; China:
at least CNY 5 million in turnover. For South Africa,
firm size is based on turnover.

Collaboration refers to active participation even if
both parties do not benefit commercially and
excludes pure contracting out. For Switzerland it only
includes collaboration on R&D.
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9. International collaboration on innovation

Firms engaged in international collaboration by firm size, 2006-08
As a percentage of innovative firms in each size category
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Source: OECD, based on Eurostat (CIS-2008) and national data sources, June 2011. See chapter notes.
Statlink su=m http://dx.doi.org/10.1787/888932486564

Firms engaged in international collaboration by partner country, 2006-08
As a percentage of innovative firms
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Source: OECD, based on Eurostat (CIS-2008) and national data sources, June 2011. See chapter notes.
Statlink su=m http://dx.doi.org/10.1787/888932486583

Measurability

Collaboration refers to product/process innovation in the Community Innovation Survey (CIS), but to all types of
innovation (including non-technological) in some other surveys.

Innovative firms have product/process or ongoing/abandoned innovations in the CIS, but in some other surveys they
include all types of innovators (including non-technological).

In some national surveys, firms are asked about the relative importance of each partner/location but in some others
they are only asked to identify the main location for each type of partner.
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. CONNECTING TO KNOWLEDGE

International technology flows (average of receipts
and payments) as a percentage of GDP, 1999 and 2009
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See chapter notes.
Statlink sz=m http://dx.doi.org/10.1787/888932486602

108

Technology receipts from patents and licences and
payments for R&D services are the main source of infor-
mation on disembodied technology diffusion and indicate
the internationalisation of technology flows.

These flows reflect to some extent cross-border trade in
R&D outcomes. Unlike R&D expenditures, such payments
are for production-ready technologies. Over the years,
international technology flows have increased, showing
that knowledge generated in one country is increasingly
used in another. While it is not possible to distinguish
between intra- (parents and affiliates) and inter-firms
transactions, the figures point to the importance of foreign
affiliates’ activities. For instance, technology flows to and
from Ireland are mainly due to the strong presence of
foreign affiliates (particularly US and UK firms). The figures
may however be affected by intra-firm transactions and
transfer pricing.

Royalties are an important category of international
technology flows. In almost all countries for which data are
available, transactions involving royalties and licence fees
grew on average more than the rate of GDP growth over the
last decade. In the Russian Federation, China, Estonia and
India, international flows of royalties increased by more
than 20% annually between 1997 and 2009.

The rise in international technology flows shows that
knowledge is increasingly implemented in a different coun-
try from the one in which it was developed. Many countries
with a high share of patents invented by foreign businesses
either have large multinational firms that perform R&D
abroad or are low-tax countries with no track record of inno-
vation activities. In this case, the intellectual property (IP)
may be located there as a way to minimise taxes.

Definitions

Technology flows refer to the average of technological
payments and receipts. Trade in technology comprises
four main categories: transfer of techniques (through
patents and licences, disclosure of know-how); trans-
fer (sale, licensing, franchising) of designs, trademarks
and patterns; services with a technical content,
including technical and engineering studies as well as
technical assistance; industrial R&D. Royalties and
licence fees are payments and receipts between
residents and non-residents for the authorised use of
intangible, non-produced, non-financial assets and
proprietary rights (such as patents, copyrights,
trademarks, industrial processes and franchises) and
for the use, through licensing agreements, of produced
originals or prototypes (such as manuscripts, cinemat-
ographic works and sound recordings). Foreign
inventions refer to patents none of whose inventors
resides in the country in which a resident owns the
patent. Patent applications are filed through the Patent
Cooperation Treaty (PCT) at international phase.
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International technology flows through royalties and licence fees, 1997-2009
Average annual growth rate, based on USD, percentage
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Source:

OECD, Technology Balance of Payments Database, May 2011; OECD, Trade in Services Database, May 2011; World Bank, World Development

Indicators, May 2011; and OECD, Annual National Accounts Database, May 2011.
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Foreign inventions owned by countries, 2006-08
Relative to country share in patent applications, percentages, axis in logarithmic scale
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Source: OECD, Patent Database, May 2011. See chapter notes.
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Measurability

Technology receipts and payments show a country’s ability to sell technology abroad and its use of foreign technologies,
respectively. Further qualitative and quantitative information is needed to analyse a country’s deficit or surplus since a
deficit (surplus) on the technology balance does not necessarily indicate a lack (or presence) of competitiveness.

Measurement errors may lead to underestimation or overestimation of technology transfers. Licensing contracts
provide payment channels other than technology payments, and payment/receipt flows may be only part of the total
price paid and received. Alternatively, national tax and control regulations on technology payments and receipts may
bias data on technology flows, notably for international transfers of multinationals. If royalties are less taxable than
profits, royalties may be preferred to other transfer channels and exceed the value of technology transferred. On the
contrary if limitations are imposed on royalty remittances, some part of repatriated profits will represent
remuneration of technology transfer.

The location of patent ownership may reveal the importance of IP tax shifting and may indirectly reveal attractive tax
incentives for IP revenue and tax planning strategies. However, the data currently available do not include revenue
generated by patents. This limits the analysis that can be undertaken.
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Cyprus
The following note is included at the request of Turkey:

“The information in this document with reference to ‘Cyprus’ relates to the southern part of the Island. There is no
single authority representing both Turkish and Greek Cypriot people on the Island. Turkey recognises the Turkish
Republic of Northern Cyprus (TRNC). Until a lasting and equitable solution is found within the context of the
United Nations, Turkey shall preserve its position concerning the ‘Cyprus issue’.”

The following note is included at the request of all the European Union member states of the OECD and the
European Commission:

“The Republic of Cyprus is recognised by all members of the United Nations with the exception of Turkey. The information
in this document relates to the area under the effective control of the Government of the Republic of Cyprus.”
Israel

“The statistical data for Israel are supplied by and under the responsibility of the relevant Israeli authorities. The use
of such data by the OECD is without prejudice to the status of the Golan Heights, East Jerusalem and Israeli
settlements in the West Bank under the terms of international law.”

“It should be noted that statistical data on Israeli patents and trademarks are supplied by the patent and trademark
offices of the relevant countries.”

Government-financed R&D in business, 1999 and 2009

In Austria the research premium is considered a part of “government funding” for the first time in 2006. In the
previous regular R&D surveys (before 2006, reference years 2004 and 2002) the “research premium” was not listed
as a separate “source of funds” in the national questionnaire.

For year 2005 the Danish Government funds estimates include funding from the Higher education sector.
Defense is excluded for Israel.
Excludes R&D in the social sciences and humanities for Korea.

Excludes most or all capital expenditure for the United States.

Business-funded R&D in the higher education and government sectors, 1999 and 2009

Business-funded R&D in the higher education only in Switzerland.

The quantity and quality of scientific production, 2009

Analysis based on Scopus data processed by SCImago, SIR-SCImago Institutions Rankings, June 2011,
www.scimagoir.com.

The impact of international scientific collaboration by institutions on research output, 2009

The average normalised impact values are expressed for a unit (e.g. country) relative to the world average which
is set at one. For example, a score of 1.3 means the unit is cited 30% above average. In order to help illustrate the
relationship between collaboration types and impact, the average impact of a given country and type of
collaboration is described as low, medium or high depending on whether it lies below one, between one and
1.75 or higher, respectively.

Analysis based on Scopus data processed by SCImago, SIR-SCImago Institutions Rankings, June 2011,
www.scimagoir.com.
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The impact of domestic scientific collaboration by institutions on research output, 2009

The average normalised impact values are expressed for a unit (e.g. country) relative to the world average which
is set at one. For example, a score of 1.3 means the unit is cited 30% above average. In order to help illustrate the
relationship between collaboration types and impact, the average impact of a given country and type of
collaboration is described as low, medium or high depending on whether it lies below one, between one and
1.75 or higher, respectively.

Analysis based on Scopus data processed by SCImago, SIR-SCImago Institutions Rankings, June 2011,
www.scimagoir.com.

Patents citing non-patent literature (NPL) and average citations received per patent cited, by technology field,
2005-10

Data refers to the citations made in patent applications filed at the European Patent Office (EPO) during the search,
according to the publication date of the citing patent. The average share of citations to non-patent literature (NPL)
is compiled on citations received in EPO patents. The average number of forward patent citations is based on all
EPO patents as particularly relevant documents (X-Y) by EPO patents up to 5 years after the first publication, and
cover patents without backward citations. Technology fields are defined according Schmoch’s classification (WIPO,
2010) and rely on the International Patent Classification (IPC) codes contained in the patent document.

Citations to patents that include non-patent literature (NPL), by technology field, 2005-10

Data refers to the citations made in patent applications filed at the European Patent Office (EPO) during the
search, according to the publication date of the citing patent. Forward citations of patents refer to patents with
or without NPL backward citations that are cited as particularly relevant documents (X-Y) by EPO patents up to
five years after the first publication. Technology fields are defined according Schmoch’s classification
(WIPO, 2010) and rely on the International Patent Classification (IPC) codes contained in the patent document.

Patents citing non-patent literature (NPL), selected technologies, 1995-2000 and 2005-10

Data refers to the citations made in patent applications filed at the European Patent Office (EPO) during the
search, according to the publication date and the inventor’s country of residence. The average number of
citations of non-patent literature (NPL) is compiled on citations received in EPO patents. Patents are allocated to
technological fields using the International Patent Classification (IPC) or the European Patent Classification
(ECLA) - Tags YO1IN and Y02.

BRIICS refers to Brazil, the Russian Federation, India, Indonesia, China and South Africa.

International and foreign students enrolled in tertiary education, 2009

Data refer to foreign students for the Czech Republic, France, Italy, Poland, the Slovak Republic and Turkey.

International students’ data exclude tertiary-Type B programmes for Austria, Finland, Germany, Italy, Japan,
Poland, Spain and Switzerland.

International students’ data exclude advanced research programmes for Germany, Italy, the Netherlands and Spain.

“Not known or unspecified” for Belgium includes all the students that are subject to mobility and enrolled at the
ISCED-5A and 6 levels in universities of the French community.

“All S&E enrolments at the tertiary level (including domestic students)” exclude tertiary-Type B for all countries
and advanced research programmes for Finland and Norway:.

International mobility of doctorate holders, by last destination, 2009

“Other economies” refer to those located in Africa, America, Asia, Europe and Oceania.
For Belgium, Germany, the Netherlands and Spain, data relate to graduates from 1990 onwards only.

For Germany, the data reported are for a minimum length of stay abroad of six months as compared to three
months for the other countries.

For the Netherlands, Portugal and Romania the reporting gap is caused by rounding.
For the Russian Federation, data relate only to those doctoral graduates employed as researchers and teachers.
For Spain, the sample has limited coverage of doctorate holders for the years 2007 to 2009.

For Sweden, the reporting gap is due to data that have not been disclosed for national citizens at the individual
country level and respondents that have not been assigned to countries or classified as unknown.
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Job-to-job mobility of HRST by occupation, 25-to-64-year-olds, 2010
Limited reliability of “Other HRST” for Luxembourg.

Inter-sector mobility of HRST, 25-to-64-year-olds, 2010
Limited reliability for the Slovak Republic.

Sources of knowledge for innovation by type, 2006-08

For Brazil only the following activities are included in the services sector: ISIC Rev. 4 Divisions 58, 61, 62 and 72.

For Chile, data refer to 2007-08 and firms with ongoing or abandoned innovative activities are not identified.
Data are based on ISIC Rev. 3.1 and include a wider range of activities such as agriculture, forestry, fishing,
construction, and some services.

For New Zealand, data refer to 2008-09 and include firms with six or more employees. Innovative firms include
technological and non-technological innovators.

For the Russian Federation, data refer to manufacturing firms with 15 or more employees.
For South Africa, data refer to 2005-07 and include the retail trade sector.
For Turkey, data are based on NACE Rev. 1.1 and exclude some activities within NACE Rev. 2 Divisions J58 and J63.

Firms collaborating on innovation with higher education or government research institutions
by firm size, 2006-08
For Brazil, only the following activities are included in the services sector: ISIC Rev. 4 Divisions 58, 61, 62 and 72.

For Chile, data refer to 2007-08 and firms with ongoing or abandoned innovative activities are not identified.
Data are based on ISIC Rev. 3.1 and include a wider range of activities such as agriculture, forestry, fishing,
construction, and some services

For China, data refer to 2004-06 and exclude all services. In addition, large firms are defined as firms with over
2 000 employees, over CNY 300 million turnover and over CNY 400 million capital. SMEs are the remaining firms
with at least CNY 5 million turnover.

For Korea, data refer to 2005-07 and cover only firms with more than 10 employees in the manufacturing sector.

For Mexico, data refer to 2008-09 and cover firms with 20 or more employees. The industries covered are based
on ISIC Rev. 3.1 and include a wider range of activities such as agriculture, construction and some services. Data
refer to collaboration with Higher Education institutions only.

For New Zealand, data refer to 2008-09 and include firms with six or more employees. Innovative firms include
technological and non-technological innovators.

For the Russian Federation, data refer to manufacturing firms with 15 or more employees.
For South Africa, data refer to 2005-07 and include the retail trade sector. Firm size is based on turnover.
For Turkey, data are based on NACE Rev. 1.1 and exclude some activities within NACE Rev. 2 Divisions J58 and J63.

Firms collaborating on innovation activities by size, 2006-08

For Australia, data refer to 2006-07 and innovative firms include technological and non-technological innovators.
For Brazil, only the following activities are included in the services sector: ISIC Rev. 4 Divisions 58, 61, 62 and 72.

For Chile, data refer to 2007-08 and firms with ongoing or abandoned innovative activities are not identified.
Data are based on ISIC Rev. 3.1 and include a wider range of activities such as agriculture, forestry, fishing,
construction, and some services.

For China, data refer to 2004-06 and exclude all services. In addition, large firms are defined as firms with over
2 000 employees, over CNY 300 million turnover and over CNY 400 million capital. SMEs are the remaining firms
with at least CNY 5 million turnover.

For Korea, data refer to 2005-07 and cover only firms with more than 10 employees in the manufacturing sector.

For Mexico, data refer to 2008-09 and cover firms with 20 or more employees. The industries covered are based
on ISIC Rev. 3.1 and include a wider range of activities such as agriculture, construction and some services.

For New Zealand, data refer to 2008-09 and include firms with six or more employees. Innovative firms include
technological and non-technological innovators.

For the Russian Federation, data refer to manufacturing firms with 15 or more employees.
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For South Africa, data refer to 2005-07 and include the retail trade sector. Firm size is based on turnover.
For Switzerland, data only include R&D collaboration.
For Turkey, data are based on NACE Rev. 1.1 and exclude some activities within NACE Rev. 2 Divisions J58 and J63.

Firms collaborating on innovation activities with suppliers and clients, by firm size, 2006-08

For Australia, data refer to 2006-07 and innovative firms include technological and non-technological innovators.
For Brazil, only the following activities are included in the services sector ISIC Rev. 4 Divisions 58, 61, 62 and 72.

For Chile, data refer to 2007-08 and firms with ongoing or abandoned innovative activities are not identified.
Data are based on ISIC Rev. 3.1 and include a wider range of activities such as agriculture, forestry, fishing,
construction, and some services.

For Korea, data refer to 2005-07 and cover only firms with more than 10 employees in the manufacturing sector.

For New Zealand, data refer to 2008-09 and include firms with 6 or more employees. Innovative firms include
technological and non-technological innovators.

For the Russian Federation, data refer to manufacturing firms with 15 or more employees.
For South Africa, data refer to 2005-07 and include the retail trade sector. Firm size is based on turnover.
For Switzerland, data only include R&D collaboration.

National and international collaboration on innovation to firms, 2006-08

For Australia, data refer to 2006-07 and innovative firms include technological and non-technological innovators.
For Brazil, only the following activities are included in the services sector: ISIC Rev. 4 Divisions 58, 61, 62 and 72.

For Chile, data refer to 2007-08 and firms with ongoing or abandoned innovative activities are not identified.
Data are based on ISIC Rev. 3.1 and include a wider range of activities such as agriculture, forestry, fishing,
construction, and some services.

For China, data refer to 2004-06 and exclude all services. In addition, large firms are defined as firms with over
2 000 employees, over CNY 300 million turnover and over CNY 400 million capital. SMEs are the remaining firms
with at least CNY 5 million turnover.

For Korea, data refer to 2005-07 and cover only firms with more than 10 employees in the manufacturing sector.
International collaboration may be underestimated.

For New Zealand, data refer to 2008-09 and include firms with 6 or more employees. Innovative firms include
technological and non-technological innovators.

For the Russian Federation, data refer to manufacturing firms with 15 or more employees.

For South Africa, data refer to 2005-07 and include the retail trade sector.

For Switzerland, data only include R&D collaboration.

For Turkey, data are based on NACE Rev. 1.1 and exclude some activities within NACE Rev. 2 Divisions J58 and J63.

Firms engaged in international collaboration by firm size, 2006-08

For Australia, data refer to 2006-07 and innovative firms include technological and non-technological innovators.
For Brazil, only the following activities are included in the services sector: ISIC Rev. 4 Divisions 58, 61, 62 and 72.

For Chile, data refer to 2007-08 and firms with ongoing or abandoned innovative activities are not identified.
Data are based on ISIC Rev. 3.1 and include a wider range of activities such as agriculture, forestry, fishing,
construction, and some services.

For China, data refer to 2004-06 and exclude all services. In addition, large firms are defined as firms with over
2 000 employees, over CNY 300 million turnover and over CNY 400 million capital. SMEs are the remaining firms
with at least CNY 5 million turnover.

For Korea, data refer to 2005-07 and cover only firms with more than 10 employees in the manufacturing sector.
International collaboration may be underestimated.

For New Zealand, data refer to 2008-09 and include firms with 6 or more employees. Innovative firms include
technological and non-technological innovators.

For the Russian Federation, data refer to manufacturing firms with 15 or more employees.
For South Africa, data refer to 2005-07 and include the retail trade sector. Firm size is based on turnover.
For Turkey, data are based on NACE Rev. 1.1 and exclude some activities within NACE Rev. 2 Divisions J58 and J63.
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Firms engaged in international collaboration by partner country, 2006-08

For the Russian Federation, data refer to manufacturing firms with 15 or more employees.

International technology flows (average of receipts and payments) as a percentage of GDP, 1999 and 2009

Technology flows include intra-area flows for EU21 and OECD total.
OECD total does not include Chile, Iceland and Turkey. Data partially estimated.
EU21 includes Austria, Belgium, the Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece,

Hungary, Ireland, Italy, Luxembourg, the Netherlands, Poland, Portugal, the Slovak Republic, Slovenia, Spain,
Sweden and the United Kingdom. Data partially estimated.

Foreign inventions owned by countries, 2006-08

The data refer to counts of patent applications filed through the Patent Cooperation Treaty, at international
phase, by applicant’s country of residence and priority date. Foreign inventions owned by countries are the share
of patents owned by a resident of a country, for which no inventors reside in the country, as a share of total
patents owned by that country. Only economies that applied for more than 250 patents over the period are
included in the figure.
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4. TARGETING NEW GROWTH AREAS

1. Government funding of R&D
2. Health innovation

3. Environmental technologies
4. Innovation and environmental
5. Broadband speed and prices

6. Fixed and wireless broadband
7. Access to broadband

8. Biotechnology R&D

Notes

References

Many countries have established and implemented research priorities and are building
centres of excellence to create the critical mass needed to raise research quality and impact.
The scope and extent of research funding reflects national objectives, and research priorities
often focus on specific scientific and/or technological fields, e.g. new growth areas, such as
biotechnologies. Innovation is increasingly seen as a means of dealing with global and social
challenges. This chapter presents a selection of R&D and innovation indicators in the areas of
health and environmental technologies. The development of next-generation high-capacity
broadband networks provides a platform for the development and diffusion of smart
infrastructures for energy, health, transport and education. Indicators on broadband
availability, quality and access are used to compare developments across countries.
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Government budget appropriations or outlays
for R&D, 2007 and 2010

As a percentage of GDP
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Public policy can play an important role in orienting inno-
vation efforts so that they help address domestic and
global challenges. Government R&D budgets (GBAORD)
provide an indication of the relative importance of various
socio-economic objectives, such as defence, health and the
environment, in public R&D spending. In 2009, govern-
ments across the OECD invested the equivalent of nearly
0.75% of GDP in direct funding of R&D activities. R&D
budgets as a percentage of GDP are largest in the the United
States, followed by Finland, Iceland, Portugal and Korea,
ranging from nearly 0.2% to 1.2%. In most countries, this
indicator is up relative to pre-recession levels, reflecting
both the use of stimulus packages to support R&D and the
drop in GDP growth rates.

Countries vary widely in terms of the importance of funding
by socio-economic objective and by performance sector.
These differences reflect national priorities and differences
in countries’ national innovation systems. Support for the
advancement of knowledge, through non-oriented research,
is particularly significant in Switzerland, New Zealand,
Austria and Sweden, where more than 60% of total funding
is directed towards research financed through general uni-
versity funds (GUF) and other non-oriented research. For the
OECD as a whole, the share is only 27%, although this is
partly because GUF is funded at the state level in countries
such as the United States and not included in GBAORD.

Analysis of the allocation of GBAORD across national R&D-
performing sectors for countries that produce this informa-
tion reveals that universities are the main beneficiary
of R&D support. The higher education sector accounts
for nearly 90% of GBAORD in Switzerland. Among the 15
reporting countries, only in Poland, Germany, the Czech
Republic and Korea is a higher share of GBAORD performed
in the government sector.

Definitions

GBAORD (government budget appropriations of
outlays for R&D) measures the funds committed by
governments (principally federal/central) for R&D to
be carried out domestically or abroad (including
by international organisations). These funds are
reported by socio-economic objective, a classification
system intended to capture the primary objective of
the research being funded, as described in the OECD
Frascati Manual. Economic development includes
support for agriculture, industry and energy research.
The “Other” category includes support for research on
“Education and society” and “Exploration and exploi-
tation of space”.
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1. Government funding of R&D

Government budget appropriations or outlays for R&D, by selected socio-economic objectives, 2010
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Government budget appropriations or outlays for R&D, by national sector of performance, 2008
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Source: OECD, based on preliminary data from the Microdata project on public R&D funding, 2009-10. See chapter notes.
Statlink sz http://dx.doi.org/10.1787/888932486697

Measurability

GBAORD data are usually based on budgetary sources and reflect assessments by funding agencies. They are generally
considered less internationally comparable than the perfomer-reported data used in other tables and graphs but have
the advantage of being more timely and reflecting government priorities, as set out in the breakdown of funding by
socio-economic objectives. Some countries do not include in their estimates the funding of general support of
universities (e.g. the United States) or R&D funded as part of military procurement (Japan, Israel). It is currently not
possible for all countries to report, on the basis of budget data, which sectors are responsible for performing the R&D
funded by government. Improving the mapping of public funding objectives to perfomers is one of the objectives of
the NESTI project on Modes of Public Funding of R&D.
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Health R&D in government budget appropriations
or outlays for R&D, 2010

As a percentage of GDP
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OECD countries are faced with the health-care challenges
of ageing populations and others, such as increasingly
drug-resistant diseases and the risk of global pandemics.
Innovation is a critical means of improving the capacity of
health systems to address these problems while containing
escalating costs. The public sector plays a significant role
alongside business and non-profit organisations, by sup-
porting R&D directly but also through the procurement of
new treatments resulting from R&D. Government budget
appropriations or outlays for R&D (GBAORD) indicate that
direct government support of health-related R&D in OECD
countries was about 0.1% of their combined GDP in 2008.
The United States is by far the largest funder in both abso-
lute and relative terms, at just over 0.3% of GDP spent on
health R&D.

However, when data from additional information are used to
adjust for institutional differences in the funding of health
R&D, the United States ceases to be such a strong outlier. For
example, Germany’s health R&D goes from 0.05% to nearly
0.15% while for Austria it increases from 0.03% to 0.25% as a
percentage of GDP.

Filings for patents in medical technologies increased at an
average annual rate of 5% in the 2000s, at the same pace as
total patent applications filed under the Patent Cooperation
Treaty (PCT), while pharmaceutical patents remained
constant. In relative terms, patents in pharmaceuticals
represented 7.5% of all patents in 2007-09, a severe drop
from more than 11% in the late 1990s, whereas medical
technology patents remained an average 8% of total patents.
In the late 2000s, the United States led in health patenting,
with more than 40% of health-related PCT patent applica-
tions. The BRIICS countries (Brazil, the Russian Federation,
India, Indonesia, China and South Africa) made an increas-
ing number of PCT filings in pharmaceuticals to reach more
than 7% of all such patents.

Definitions

The International Patent Classification (IPC) was used
to identify health-related inventions among patent
applications filed under the Patent Cooperation Treaty
(PCT) according to the technology classification
presented in Schmoch (2008). Patents in medical technol-
ogies are defined by classes A61 [B,C,D, F, G, H, ], L, M,
N] and HO5G. Patents in pharmaceuticals cover class
A61K, excluding Codes A61K8/* (cosmetics). Although
medical technology is generally associated with high
technology, it covers less sophisticated products and
technologies such as operating tables, massage
devices, bandages, etc. Pharmaceuticals are considered
an area of application rather than a specific technol-
ogy, even though the key sub-class A61K is primarily
organised by technology (e.g. medicinal preparations
containing inorganic active ingredients). For further
details on the IPC, see the World Intellectual Property
Organization (WIPO) website at www.wipo.int/ipcpub/.
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Public funding of health-related R&D, 2010 Health-related patents, 1997-99 and 2007-09
As a percentage of GDP As a percentage of total PCT patent applications
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Source: OECD, Patent Database, May 2011. See chapter notes.
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Measurability

Public funding of health R&D is difficult to measure owing to institutional complexity and diversity; it may be publicly
or privately funded and be carried out in firms, universities, hospitals and private not-for-profit institutions.
Government budget appropriations or outlays for R&D (GBAORD) can be broken down by socio-economic objective,
such as the protection and improvement of public health, as defined by the OECD Frascati Manual. The GBAORD health
category is used here as a proxy for total central government funding of health-related R&D. However, this category
only covers programmes for which health is the primary objective. Furthermore, the classification of funding depends
on how governments present their R&D priorities as well as on the formal mandate of the institutions concerned.
Arrangements for funding R&D in hospitals also vary. To address some of these limitations and to provide a more
complete picture of health-related R&D, funding of medical sciences via non-oriented research and general university
funds is included when available as are other relevant funds, notably general support for R&D in hospitals.
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Government R&D budgets for energy
and the environment, 2010
As a percentage of the total government R&D budget
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Finding cleaner, affordable and reliable energy sources and
promoting sustainable growth have become major preoc-
cupations of countries around the world. To this end,
governments support research, foster innovation and the
use of new technologies in production, and encourage the
creation of markets for and consumers’ uptake of “green”
technologies.

Data on government budget appropriations or outlays for
R&D (GBAORD) can be used to measure publicly funded
research priorities to achieve policy objectives such as
energy and environment. New Zealand for example
allocates nearly 14% of its direct public funding of R&D to
these two fields, most of which is environment-related.
Japan follows very closely but mainly funds energy R&D.
Across the OECD, countries emphasise energy (3.7% of total
GBAORD) over environment (1.7%).

At the other end of the spectrum, the United States, the
Russian Federation, Switzerland and Israel provide the
least relative support with 2% or less of their budgets to
these areas. However, in absolute terms, the United States
is the second largest funder at USD 3.7 billion, just behind
Japan with USD 4.2 billion.

From a relatively small base, innovations in technologies
related to climate change mitigation and solar energy are
an increasing share of patent portfolios. In 2007-09, the
share of Patent Cooperation Treaty (PCT) patents in solar
energy was three times their share in 1997-99. However,
patent applications in energy storage or material recycling
technologies are increasing at a slower pace than total
patents. In terms of geographic distribution, inventive
activity in energy generation from renewable and non-
fossil sources remains centred in European countries: in
the late 2000s, the EU27 represented 37% of all PCT filings
in this field, followed by the United States and Japan.
China’s share in such patents now ranks eighth worldwide.

Definitions

Government budget appropriations or outlays for R&D
(GBAORD) measures the funds committed by the
federal/central government for R&D. It can be broken
down by various socio-economic objectives, defined on
the basis of the primary purpose of the funder, includ-
ing control and care for the environment as well as
energy. Environmental technologies cover seven thematic
areas including energy generation; climate change
mitigation; emissions abatement and fuel efficiency;
energy efficiency in buildings and lighting (see
www.oecd.org/dataoecd/4/14/47917636.pdf). Clean energy
technologies are a subset of environmental technolo-
gies, consisting notably of renewable energy genera-
tion, biofuels, carbon capture and storage. Patents for
energy generation from renewable and non-fossil
sources cover solar, wind, geothermal energy, energy
from sea, hydro-energy, biofuels and fuels from waste.
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Patents in selected environmental technologies, 1997-99 and 2007-09
As a percentage of total PCT patent applications
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Measurability

R&D budgets for control and care for the environment include research on the control of pollution and on developing
monitoring facilities to measure, eliminate and prevent pollution. Energy R&D budgets include research on the
production, storage, transport, distribution and rational use of all forms of energy, but exclude research on prospecting
and on vehicle and engine propulsion, an important area for energy efficiency. In addition to R&D (which includes
basic research, applied research and experimental development), the International Energy Agency collects and
publishes data on government energy R&D which includes funding for demonstration projects. These expenditures
are typically referred to as RD&D.

The European Patent Office (EPO), with the help of experts, including from the Intergovernmental Panel on Climate Change
(IPCC), introduced a new classification scheme for technical attributes of technologies that can be broadly called clean
energy technologies. The OECD Environment Directorate has developed search strategies based on patent classification
systems to separate environmental technologies into seven categories, including clean energy technologies.
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Motivations of firms introducing environmental
innovations, 2006-08

Firms citing factors as motivations, percentage of innovative firms
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Innovation can be a source of environmental benefits for
the firm that introduces the innovation (as part of its
production process) as well as for customers that purchase
the innovation (as part of its end use). Firms introduce
innovations in response to factors such as regulations, the
availability of public support or (current or future) market
demand. In most countries regulations (existing or future)
are the main driver, followed by market demand from
customers. In Sweden, Luxembourg, the Netherlands and
Finland, market demand is identified as the main driver of
environmental innovations.

The effects of environmental innovation take many forms:
reducing material or energy use per unit of output, reduc-
ing the enterprise’s CO, “footprint”, reducing waste or
pollution, etc. For both producers and end users, reduced
energy consumption appears to be an important effect of
environmental innovations: more than 40% of all innovat-
ing firms report this in Switzerland, Germany and Portugal.

Definitions

In the CIS-2008, an environmental innovation is
defined as an innovation that leads to more environ-
mental benefits than alternatives. It can be a product
(good or service), process, organisational or marketing
innovation. The environmental benefits can be the pri-
mary objective or the result of other innovation objec-
tives. The environmental benefits of an innovation
can occur during the production of a good or service
(producer benefits), or during the after sales use of a
good or service by the end user (end-user benefits).

For these two indicators, innovative firms refers to
firms with any of the four types of innovation
(product, process, marketing and organisational).
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4. Innovation and environmental

Benefits of environmental innovations, 2006-08
As a percentage of innovative firms
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Measurability

The CIS-2008 survey was the first to introduce an ad hoc (voluntary) module on environmental innovation.
Given that some of the concepts were new to respondents, some results may be less robust than those of
more established indicators. In principle, all firms were asked questions on innovations with
environmental benefits (not just innovators) although this may not have been the case in some countries.
Some respondents may have found the distinction between (intended) objectives and (observed) effects, as
well as certain concepts, confusing. For example, in some countries data on energy-related benefits for end
users are almost identical to those for producers.
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Average and median advertised download speeds,
September 2010
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Broadband prices have declined continuously over the past
decade across the OECD area, while connection speeds
have increased. Most OECD countries have at least one
operator actively offering fibre-based, high-speed broad-
band connections, although these may be limited to certain
geographical areas. Fibre-to-the-home (FTTH) and fibre-to-
the-building (FTTB) also enable symmetrical upload and
download speeds, which permit new functionalities and
better user experience for a range of online activities, such
as sharing pictures, video conferencing or uploading
content onto social-networking websites.

In September 2010, France and Japan had the fastest median
advertised download speed of up to 100 Mbit/s (megabit per
second). In all OECD countries, the median advertised down-
load speed was 15.4 Mbit/s in September 2010, compared to
the average advertised download speed of 37.5 Mbit/s.

In some countries, there is a considerable difference in
broadband entry prices depending on whether or not line
charges are included. For example, Spain’s broadband entry
price without the line charge was USD 28.29 PPP but
USD 44.48 with the line charge. Spain’s broadband prices
are the most expensive in the OECD area if line charges are
included but the seventh most expensive if they are not.
Italy offers a similar example (USD 21.72 versus USD 30.68).

Chile, Korea, New Zealand and Spain had the most expen-
sive broadband entry prices, while Estonia, Japan, the
Slovak Republic and Turkey had the most affordable. Some
countries boasted a wide range of broadband prices. Prices
in Slovenia range from USD 21 a month to over USD 1 000 a
month for a 1 gigabit per second offer. In Greece instead,
prices only varied between USD 21 and USD 35 per month.

Definition

For the purpose of this data collection, speeds are those
advertised by three operators and likely do not corre-
spond to typical throughput. When not explicitly stated,
maximum speeds have been imputed based on the
technological limitations of the installed technologies.

Prices are divided between those that include fixed
line (PSTN) rental changes and those that do not,
designated as “no line charge”. This also applies to
cable television service offers that cannot be disaggre-
gated, including cable and fibre-based services. Some
offers include phone and television service (triple
play) which cannot be disaggregated. Prices include
modem rental charges (when priced separately). The
pricing information is presented in purchasing power
parity (PPP) terms.
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5. Broadband speed and prices

Range of broadband prices for a monthly subscription - no line charge, September 2010
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Measurability

To gather broadband price and speed data, a survey of 686 stand-alone broadband offers from 102 operators
across the 34 OECD countries was undertaken for the OECD Communications Outlook 2011. A set of three
operators per country was chosen (with an average of seven offers per operator): the incumbent
telecommunications operator, the largest cable provider (if cable exists) and one alternative provider, if
available, over DSL, cable or fibre. The offers must be advertised clearly on the operator’s website; all DSL,
cable and fibre offers are recorded but not used in calculations if speeds are lower than 256 kbit/s; offers are
for month to month service and should be available in the country’s largest city or in the largest regional
city for firms with only regional coverage.
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OECD terrestrial mobile wireless broadband subscriptions
per 100 inhabitants, by technology, June 2010
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Fixed broadband subscriptions in the OECD area reached
292 million in June 2010. Broadband has expanded every
year since cable and DSL services were first launched in the
mid-1990s. Subscriptions grew at an annual compound
growth rate of 39.7% between 2000 and 2009. The largest
growth over the last two years was in Mexico (46%),
followed by Greece (33%), the Slovak Republic (23%) and
Turkey (21%).

The growing popularity of smartphones and tablet comput-
ers is driving growth in mobile broadband services.
Wireless broadband subscriptions in OECD countries had
exceeded 450 million by June 2010. Korea is in the lead,
with 91.8 per 100 inhabitants, followed by Sweden (76%),
Japan (75%) and Norway (73%). The OECD average is 37%.

In OECD countries, the average penetration of fixed broad-
band was 23.1 subscriptions per 100 inhabitants in 2009, up
from 19.7 subscriptions in 2007. Denmark had the highest
broadband penetration rate with 37.4%, followed by the
Netherlands (37.1%) and Switzerland (35.8%). Less expen-
sive and faster broadband Internet access has superseded
dial-up connections. In the United States, dial-up’s share of
the overall household Internet market declined from 11%
to 5% between 2007 and 2009. Such households are likely to
be located in rural areas and have lower income levels.

In June 2010 in the OECD area, DSL continued to lead broad-
band subscriptions (excluding wireless broadband) with
58%, followed by cable (29%), fibre (12%) and others (1%).
Greece, Italy and Turkey have a very large share of DSL
(more than 95%), while cable is the main source of broad-
band access in Canada (56%) and the United States (54%).
Leading countries in fibre subscriptions are Japan (where
58% of fixed broadband subscriptions are fibre-based),
Korea (55%), the Slovak Republic (29%) and Sweden (26%).

Definition

The broadband indicator is made up of two catego-
ries: fixed (wired) and wireless broadband. These are
presented separately. Fixed broadband includes the
following technologies: DSL, cable, FTTH and other
fixed broadband connections. Wireless broadband
includes satellite, terrestrial fixed wireless and terres-
trial mobile wireless. This last is divided into two
sub-categories: standard mobile subscriptions (with
active use) and dedicated data subscriptions. All
components include only connections with adver-
tised data speeds of 256 kbit/s or greater.
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6. Fixed and wireless broadband

OECD fixed (wired) broadband subscriptions per 100 inhabitants, by technology, June 2010

B DSL Cable &85 Fibre/LAN [0 Other

Subscriptions per 100 inhabitants
40

0 feaed
QXX —_—
K
&K B8 K
I XX XXX
0%, X

30

25

20 B EEEE N
XXX

0
SFFSFSET I TLS T LT ITEL IS S TP F g

Source: OECD, Broadband statistics, June 2011.
StatLink sw=r http://dx.doi.org/10.1787/888932486944

Measurability

Wireless connections using satellite or terrestrial fixed wireless have historically been based on a monthly
data subscription model which corresponds to the fixed broadband methodology currently used by the
OECD. These two technologies are now included in the wireless broadband definition along with terrestrial
mobile wireless. It is the terrestrial mobile segment which raises particular challenges for statistics as
many mobile phones are “broadband capable” but never use Internet data services.

A standard mobile subscription is counted as an “active” broadband subscription under two conditions:

1. The subscription must allow for access to the Internet via HTTP. Subscriptions which only offer “walled
garden” or email-only services do not count. A subscription is not counted if the terrestrial mobile
operator only provides access to a limited number of websites, content and/or applications such as
games, ring tones, music and pictures which are customised for its network and devices.

2.“Active use” on a standard mobile subscription requires an Internet data connection to content or
services using the Internet Protocol (IP) during the previous three months.
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Business and household access to broadband, 2010
Percentage of businesses with ten or more employees
and percentage of all households
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Households and individuals in many OECD countries are
now accustomed to using broadband (high-speed) connec-
tions at home. At present, more than one household out of
two has broadband Internet access in three-quarters of
OECD countries. Korea has the largest share of households
with a broadband connection via a computer or mobile
phone (97%). In OECD countries the share ranges from 21%
in Mexico to 97% in Korea, for an OECD average of approxi-
mately 62%.

In every OECD country the share of businesses with access
to broadband exceeds that of households. In fact, the
average is over 20 percentage points higher for businesses
than for households. At 100%, Switzerland has the highest
penetration rate among business with ten or more
employees. The range is from 51% in Mexico to 100% in
Switzerland.

Data on regional broadband access, available for 19 countries,
show that differences within countries may be large. Geogra-
phy seems to matter - small countries such as the Slovak
Republic, the Netherlands and Denmark have the lowest
regional differences in broadband access —but it is not the
main explanation. The difference in broadband access
between the top and the bottom region is the same in the
United States and Germany (32 percentage points) but the
territory of the United States is over 25 times that of Germany.
Spain and Australia also have the same range of regional
differences in broadband access (25 percentage points) but
very different sizes and geography.

Definitions

The OECD Guide to Measuring the Information
Society 2011 defines broadband as an Internet access
service - including optic fibre cable, some mobile
phone access (e.g. UMTS, EDGE), power line, satellite
and fixed wireless — with an advertised download
speed greater than or equal to 256 kbps.

Since 2010, the OECD and the United Nations’ Inter-
national Telecommunication Union (ITU) broadband
statistics are categorised as fixed (wired) broadband
subscriptions and wireless broadband subscriptions.
Fixed (wired) broadband subscriptions include: DSL,
cable modem, fibre to the home/building subscrip-
tions and other fixed (wired) broadband subscriptions
such as power lines. Wireless broadband subscrip-
tions include: satellite subscriptions, terrestrial fixed
wireless subscriptions, terrestrial mobile wireless
subscriptions (the sum of active mobile broadband
and dedicated mobile data subscriptions).
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Households with broadband access, by region, highest to lowest, 2009
Percentages, sorted by country average
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Source: OECD, Regional Database, April 2011. See chapter notes.
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Measurability

There is no universally adopted definition of the threshold speed for broadband. In addition, advertised
speeds are often very different than the actual speeds users may experience. As a result some countries
define broadband in terms of technology (e.g. ADSL, cable, etc.) rather than speed.

Policy makers have an interest in the take-up of various broadband speeds because some services are better
utilised and provide greater customer experience at higher speeds. In the past, broadband has been classified
by advertised broadband speeds but there are several initiatives underway that seek to measure the actual
speeds on broadband lines using a combination of hardware and software solutions. These advancements in
measurement will help policy makers better understand which areas have more robust connectivity and
which other may need additional investment to support the emergence of new, innovative services.
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Number of firms active in biotechnology, 2009
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The economic, environmental and social impacts of
advances in the life sciences create policy interest in rele-
vant economic and innovation indicators of biotechnology.

The number of biotechnology firms is the most widely
available indicator but not the best measure of a country’s
effort, owing to large differences in firm sizes. The United
States has the most biotechnology-active firms (6 213),
followed by Spain (1 095) and France (1 067).

Business enterprise research and development (BERD)
expenditures on biotechnology provide a better measure
of the research effort. In Sweden, every biotechnology-
active firm spent an average of USD 4.1 million PPP on
biotechnology R&D, followed by the United States,
Switzerland and Denmark (all between USD 3.5 million
and USD 3.0 million PPP).

The United States spends the most on biotechnology BERD
(USD 22 030 million PPP), approximately 7% of total US
BERD. It accounts for almost 70% of total biotechnology
BERD expenditures in the 23 countries for which data are
available.

Business expenditure on biotechnology R&D as a share of
total business sector R&D expenditure is an indicator of a
country’s research effort. On average, it accounted for 5.7%
of BERD in 20009. Ireland spends the most as a percentage of
BERD (15.1%). Belgium and Switzerland follow with 12.6%.

Although most biotechnology firms have fewer than
50 employees, most biotechnology R&D is performed by
firms with over 50 employees. For the United States and
France, which spend the most on biotechnology R&D,
approximately 88% of all biotechnology R&D was
performed by firms with over 50 employees.

Definitions

The OECD has both a single definition and a list-based
definition of biotechnology. The single definition is
broad. It covers all modern biotechnology but also many
traditional or borderline activities. For this reason, the
single definition should always be accompanied by the
list-based definition. The single definition is:

“The application of science and technology to living
organisms, as well as parts, products and models
thereof, to alter living or non-living materials for the
production of knowledge, goods and services.”

The (indicative) list-based definition has seven cate-
gories and serves as an interpretative guideline to the
single definition. Respondents are usually given a
write-in option for new biotechnologies that do not fit
in any category. A firm that reports activity in one or
more categories is defined as a biotechnology firm.
The categories are: DNA/RNA, proteins and other
molecules, cell and tissue culture and engineering,
process biotechnology techniques, gene and RNA
vectors, bioinformatics, and nanobiotechnology.
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Total biotechnology R&D expenditures in the business sector, 2009

[ Total biotechnology R&D, millions USD PPP (left-hand scale)
<> Biotechnology R&D as a percentage of total business expenditures on R&D (right-hand scale)
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Source: OECD, Biotechnology Statistics Database, May 2011; and OECD, Main Science and Technology Indicators Database, May 2011. See chapter notes.
Statlink sz http://dx.doi.org/10.1787/888932487020

Biotechnology R&D expenditures by size class, 2009

[ Percentage of biotechnology R&D performed by firms with fewer than 50 employees
Percentage of biotechnology R&D performed by firms with more than 50 employees
% <> Percentage of biotechnology active firms with fewer than 50 employees

Source: OECD, Biotechnology Statistics Database, May 2011. See chapter notes.
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Measurability

Data comparability depends on how biotechnology statistics are collected. Biotechnology activities can be measured
in three ways:

¢ Dedicated surveys of firms active in biotechnology.

¢ Adding questions on biotechnology to national R&D firm surveys.

¢ Constructing databases with information on biotechnology firms from secondary sources and/or data-linking exercises.
Biotechnology firms can be broken down into three types:

1. Biotechnology firm: A firm engaged in biotechnology using at least one biotechnology technique (as defined in the
OECD list-based definition) to produce goods or services and/or to perform biotechnology R&D. These firms are
captured by biotechnology firm surveys.

Two subgroups are largely defined by the data collection method.

2. Dedicated biotechnology firm: Firms whose main activity involves the application of biotechnology techniques to
produce goods or services and/or to perform biotechnology R&D. These firms are captured by biotechnology firm surveys.

3. Biotechnology R&D firm: Firms that perform biotechnology R&D. Dedicated biotechnology R&D firms, a subset of

this group, are firms that devote 75% or more of their total R&D to biotechnology R&D. These firms are captured by
R&D surveys.
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Cyprus
The following note is included at the request of Turkey:

“The information in this document with reference to ‘Cyprus’ relates to the southern part of the Island. There is no
single authority representing both Turkish and Greek Cypriot people on the Island. Turkey recognises the Turkish
Republic of Northern Cyprus (TRNC). Until a lasting and equitable solution is found within the context of the

o

United Nations, Turkey shall preserve its position concerning the ‘Cyprus issue’.

The following note is included at the request of all the European Union member states of the OECD and the
European Commission:

“The Republic of Cyprus is recognised by all members of the United Nations with the exception of Turkey. The information
in this document relates to the area under the effective control of the Government of the Republic of Cyprus.”
Israel

“The statistical data for Israel are supplied by and under the responsibility of the relevant Israeli authorities. The use
of such data by the OECD is without prejudice to the status of the Golan Heights, East Jerusalem and Israeli
settlements in the West Bank under the terms of international law.”

“It should be noted that statistical data on Israeli patents and trademarks are supplied by the patent and trademark
offices of the relevant countries.”

Government budget appropriations or outlays for R&D, 2007 and 2010

For Israel, defence is excluded.

In the United States, general support for universities is the responsibility of state governments; therefore general
university funds (GUF) is not included in total GBAORD.

Government budget appropriations or outlays for R&D, by selected socio-economic objectives, 2010

For Israel, defence is excluded.

For Japan, military procurement contracts are excluded from defence in government budget appropriations or
outlays for R&D (GBAORD).

Government budget appropriations or outlays for R&D, by national sector of performance, 2008

This is an experimental indicator. International comparability is currently limited.

Public funding of health-related R&D, 2010

Government budget appropriations or outlays for R&D (GBAORD) measures the funds committed by the federal/
central government for R&D. It can be broken down by various socio-economic objectives, including health care.
Advancement of knowledge comprises non-oriented R&D and general university funds (the estimated R&D
content of government block grants to universities). Other includes other relevant national and international
categories such as general support for R&D in hospitals.

Health-related patents, 1997-99 and 2007-09

Data relate to patent applications filed under the Patent Cooperation Treaty (PCT), at international phase,
published by the WIPO. Patent counts are based on the priority date, the inventor’s country of residence and
fractional counts.

BRIICS refers to Brazil, the Russian Federation, India, Indonesia, China and South Africa.

Countries’ share of pharmaceutical patents filed under the PCT, 2007-09

Data relate to patent applications filed under the Patent Cooperation Treaty (PCT), at international phase,
published by the WIPO. Patent counts are based on the priority date, the inventor’s country of residence and
fractional counts.

BRIICS refers to Brazil, the Russian Federation, India, Indonesia, China and South Africa.
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Patents in selected environmental technologies, 1997-99 and 2007-09

Data relate to patent applications filed under the Patent Cooperation Treaty (PCT), at international phase,
published by the WIPO. Patent counts are based on the priority date, the inventor’s country of residence and
fractional counts.

Patents in technologies related to climate change mitigation in power and heat generation from fossil fuels,
energy storage and solar energy are identified using subclasses of the European Classification (ECLA) Code Y02.

Patents in technologies related to material recycling are based on codes of the International Patent
Classification (IPC).

BRIICS refers to Brazil, the Russian Federation, India, Indonesia, China and South Africa.

Countries’ share of patents for energy generation from renewable and non-fossil sources, 2007-09

Data relate to patent applications filed under the Patent Cooperation Treaty (PCT), at international phase,
published by the WIPO. Patent counts are based on the priority date, the inventor’s country of residence and
fractional counts.

Patents in technologies related to energy generation from renewable and non-fossil sources are identified using
subclasses of the European Classification (ECLA) Code YO02.

BRIICS refers to Brazil, the Russian Federation, India, Indonesia, China and South Africa.

Benefits from environmental innovations, 2006-08

For Brazil, only the following activities are included in the services sector: ISIC Rev. 4 Divisions 58, 61, 62 and 72.

Business and household access to broadband, 2010

Business access to broadband:

¢ For Japan, businesses with 100 or more employees.

¢ For Mexico, businesses with 20 or more employees.

e For New Zealand, businesses with six or more employees and with a turnover greater than NZD 30 000.
¢ For Switzerland, businesses with five or more employees.

Household access to broadband:

e For Japan, households with Internet access via FTTx, ADSL, cable and fixed wireless broadband.

e For Korea, broadband access modes such as xXDSL, cable and other fixed and wireless broadband via
computers, including mobile phone access.

e For Mexico, households with Internet access via cable, ADSL or fixed wireless.

¢ For New Zealand, the information is based on households in private occupied dwellings. Visitor-only dwellings,
such as hotels, are excluded.

Households with broadband access, by region, highest to lowest, 2009
Geographic coverage: All regions within OECD member countries at the TL2 level (See “Territorial Grids of OECD
member countries” available at: www.oecd.org/dataoecd/24/41/42740381.pdf).

Data for the region of Aland in Finland, for the regions of Bremen and Saarland in Germany, and for Northern
Ireland in the United Kingdom are not available.

Ireland has only two regions, the median is therefore not calculated.

Number of firms active in biotechnology, 2009

Biotechnology firm: a firm that uses biotechnology to produce goods or services and/or to perform biotechnology
R&D. These firms are captured by biotechnology firm surveys.
Biotechnology R&D firms: a firm that performs biotechnology R&D. These firms are captured by R&D surveys.

Dedicated biotechnology firm: a biotechnology firm whose predominant activity involves the application of
biotechnology techniques to produce goods or services and/or to perform biotechnology R&D. These firms are
captured by biotechnology firm surveys.

Dedicated biotechnology R&D firms devote 75% or more of their total R&D to biotechnology R&D. These firms are
captured by R&D surveys.
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Biotechnology R&D per firm in the type of firm unless otherwise specified.
For Germany, biotechnology R&D per dedicated biotechnology firm.

For South Africa, biotechnology R&D per dedicated biotechnology firm.
For Spain, biotechnology R&D per biotechnology R&D firm.

For Switzerland, dedicated biotechnology R&D firms are defined as firms that have dedicated 100% or more of
their total R&D to biotechnology R&D.

For the Netherlands, results of the Dutch R&D survey are grossed up to the total target population which
corresponds to all firms with 10 and more employees. However, due to the special way the survey population was
established (i.e. some firms which were identified as biotechnology firms based on registers were added). The
number of 206 biotechnology R&D firms also includes some firms with less than 10 employees. Their results
were not grossed-up.

For the United Kingdom, results exclude firms outside the medical and industrial biotechnology sectors, e.g. agri-
biotech and aquaculture-biotech firms; however, it is estimated that the majority of biotechnology companies in
the UK are included.

For Switzerland, dedicated biotechnology R&D firms are defined as firms that have dedicated 100% or more of
their total R&D to biotechnology R&D.

Total biotechnology R&D expenditures in the business sector, 2009

Biotechnology firm: a firm that uses biotechnology to produce goods or services and/or to perform biotechnology
R&D. These firms are captured by biotechnology firm surveys.

Biotechnology R&D firms: a firm that performs biotechnology R&D. These firms are captured by R&D surveys.

Dedicated biotechnology firm: a biotechnology firm whose predominant activity involves the application of
biotechnology techniques to produce goods or services and/or to perform biotechnology R&D. These firms are
captured by biotechnology firm surveys.

Dedicated biotechnology R&D firms devote 75% or more of their total R&D to biotechnology R&D. These firms are
captured by R&D surveys.

For Germany, Business Expenditures on R&D (BERD) refers to 2009, 2010 BERD was not available.
For the United States, BERD refers to 2008, 2009 BERD was not available.

Biotechnology R&D expenditures by size class, 2009

For the Netherlands, results of the Dutch R&D survey are grossed up to the total target population which
corresponds to all firms with 10 and more employees. However, due to the special way the survey population was
established (i.e. some firms which were identified as biotechnology firms based on registers were added). The
percentage of biotechnology R&D performed by small biotechnology R&D firms also includes some R&D
expenditures by firms with less than 10 employees. Their results were not grossed-up.

For Switzerland, firms with fewer than 100 employees.
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5. UNLEASHING INNOVATION IN FIRMS

1. Mixed modes of innovation

2. Broader innovation

3. Trademarks

4. Public support to R&D

5. Tax incentives for business R&D
6. Entry, exit and survival

7. Access to capital

8. Policy environment

9. Entrepreneurial talent and culture
Notes

References

A dynamic business sector is a key source of technological and non-technological innovation.
Firms’ innovation strategies may or may not require in-house R&D activities. Whatever their
strategy, howeuver, collaboration is essential. Indicators of firms’ birth and death rates reflect the
dynamism of the business sector; however, the timeliness of business registers, and for some
countries their international comparability, need to be improved. Policy areas for particular
attention are the financing of innouative efforts and fostering the start-up and growth of new
firms. Selected indicators reflect the availability of venture capital and business angel networks;
regulatory and taxation indicators are also important as these areas affect entrepreneurial
activities. For their part, governments play an essential role in fostering public and private
investment in innovation; experimental indicators of the mix of direct and indirect public support
are presented. Finally, the extent of innovation and dynamism also depend on the culture and
environment for entrepreneurship. Attitudes and perceptions are hard to measure but are part of
the explanation when comparing rates of innovation and entrepreneurship across countries.
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1. Mixed modes of innovation

Innovation strategies by firm size, 2006-08
As a percentage of all SMEs and large firms
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Firm-level innovation data reveal complementary strate-
gies. The majority of innovative firms (both large firms and
SMEs) introduce product or process innovations, as well as
marketing/organisational innovations. This is true for
firms in manufacturing and services.

Brazil, Germany and Israel have the largest share of non-
technological innovators: more than 85% of large firms and
more than two-thirds of all SMEs introduced organisational
or marketing innovations in 2006-08. Korea, Hungary, Chile
and Poland have the smallest shares with less than 25% of
all firms introducing non-technological innovations. In
most countries the shares of non-technological innovating
firms are relatively similar across manufacturing and
services firms. Exceptions are Portugal, with significantly
more non-technological innovators in services (54% versus
40%), and Germany, with a share almost 10 percentage
points higher in manufacturing.

Definitions

The current edition of the Oslo Manual identifies four
types of innovation:

e Product innovation: the introduction of a good or ser-
vice that is new or significantly improved with respect
to its characteristics or intended uses. This includes
significant improvements in technical specifications,
components and materials, incorporated software,
user friendliness or other functional characteristics.

e Process innovation: the implementation of a new or
significantly improved production or delivery
method. This includes significant changes in tech-
niques, equipment and/or software.

e Marketing innovation: the implementation of a new
marketing method involving significant changes in
product design or packaging, product placement,
product promotion or pricing.

¢ Organisational innovation: the implementation of a new
organisational method in the firm’s business prac-
tices, workplace organisation or external relations.

Complementary innovation strategies refer to the intro-
duction of both technological and non-technological
innovations.

The sectoral coverage is based on the “core” list of
industries included in the CIS-2008 (ISIC Rev. 4/NACE
Rev. 2):

¢ Manufacturing: C.

e Services: G46 (Wholesale trade, except of motor
vehicles and motorcycles), H (Transportation and
storage), J58 (Publishing activities), J61 (Telecommu-
nications), J62 (Computer programming, consul-
tancy and related activities), J63 (Information
service activities), K (Financial and insurance activ-
ities), M71 (Architectural and engineering activities;
technical testing and analysis).

e Total = Manufacturing + Services + B (Mining and
quarrying) + D (Electricity, gas, steam and air condi-
tioning supply) + E (Water supply; sewerage, waste
management and remediation activities).
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5. UNLEASHING INNO

1. Mixed modes of innovation

Innovation strategies in the manufacturing sector, 2006-08
As a percentage of all manufacturing firms
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Source: OECD, based on Eurostat (CIS-2008) and national data sources, June 2011. See chapter notes.
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Innovation strategies in the services sector, 2006-08

As a percentage of all services firms
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Source: OECD, based on Eurostat (CIS-2008) and national data sources, June 2011. See chapter notes.
Statlink sz http://dx.doi.org/10.1787/888932487096

Measurability

These indicators may be affected by differences in the sectoral coverage of innovation surveys across countries.
Although an effort was made to align the data for non-European countries to what is included in the “core” coverage
of the Community Innovation Survey (CIS), this is not always possible due to survey and sample design. For example
in Korea and the Russian Federation, these data only cover the manufacturing sector. Similarly, differences in the
sectoral coverage for Brazil, Canada, Chile, New Zealand and South Africa may have an impact on some indicators.

Some countries do not identify firms with ongoing/abandoned innovation activities, so that (contrary to the CIS data)
these are not included in the figures for innovative (or innovation-active) firms.
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2. Broader innovation

Firms engaged in innovation collaboration
by R&D status, 2006-08

As a percentage of R&D-active and R&D non-active firms
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Firms follow various innovation strategies and these are
not always based on R&D. Collaboration is part of innova-
tion processes whether firms perform R&D or not. In all
countries R&D-active firms tend to collaborate more
frequently on innovation (usually twice as much) than non-
R&D-active firms. In Chile and Korea, R&D status does not
seem to affect collaboration on innovation. In the United
Kingdom, collaboration is embedded in innovation pro-
cesses and over 50% of non-R&D-active firms engage in it.
Policies that stimulate collaboration and network initia-
tives might affect the entire spectrum of innovative firms.

Product innovation is often associated with R&D activities.
Indeed, in most countries, more than half of all product-
innovating firms are also active in R&D (whether they
carry out intramural R&D or purchase extramural R&D).
Conversely, more than two-thirds of product innovators are
not engaged in R&D in New Zealand and the United States
and more than 90% in Chile and Brazil.

For process innovation, the overall share of firms engaged
in R&D is slightly lower. In France and Spain, there is a rela-
tively larger difference between product and process inno-
vators in terms of R&D activity.

Definitions

R&D status is defined as follows: R&D-active firms are
those with intramural or extramural R&D.
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5. UNLEASHING INNO

2. Broader innovation

Product innovators by R&D status, 2006-08
As a percentage of product innovators
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Source: OECD, based on Eurostat (CIS-2008) and national data sources, June 2011. See chapter notes.
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Process innovators by R&D status, 2006-08

As a percentage of process innovators
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Source: OECD, based on Eurostat (CIS-2008) and national data sources, June 2011. See chapter notes.
Statlink sz=7 http://dx.doi.org/10.1787/888932487153

Measurability

In the Community Innovation Survey (CIS) R&D status is found in the section on innovation activities which is only
answered by product/process innovators. In other innovation surveys this information is asked of all innovative firms
(including firms with only non-technological innovation).

Differences in sectoral coverage across surveys affect the comparability of the data based on R&D status since some
non-CIS surveys cover less R&D-intensive industries much more extensively. Two extremes are the US survey (BRDIS)
which covers all industries and the Korean survey which only covers manufacturing. Differences in the size thresholds
used also affect comparability since very small firms are on average less likely to carry out or purchase R&D.

There are also differences among countries in the type of survey used to collect innovation and R&D data. Most use
separate surveys, but some have combined them into single instruments (even in CIS countries). Given that R&D
surveys target R&D performers while innovation surveys have a much wider target population, these differences may
also affect the comparability of R&D-related data collected from different types of instruments.
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3. Trademarks

Trademark applications at JPO, OHIM and USPTO,
2007-09 average
Trademarks relative to GDP, OECD and BRIICS countries
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Accounts Database, June 2011; and IMF, World Economic Outlook
Database, June 2011. See chapter notes.
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Trademarks (TM) may serve as indicators of innovative and
marketing activity, and may proxy non-technological inno-
vations and innovation in services. Firms tend to register
trademarks primarily in their home country. Trademarks
registered by non domestic firms can be used as a measure
of market penetration and may help understand the kind
of products, whether goods or services, exported.

Japan, Luxembourg and the United States show the highest
ratio of trademark activity to GDP at the Japanese Patent
Office (JPO), the European Office for Harmonization in the
Internal Market (OHIM) and the United States Patent and
Trademark Office (USPTO) combined. Korea and Japan regis-
ter more trademarks at the USPTO than at OHIM, and US
firms register more at OHIM than at JPO. On average,
European firms register trademarks more at the USPTO than
at the JPO. Australia and New Zealand register more trade-
marks at the USPTO, followed by the JPO for Australia and
OHIM for New Zealand. Both Mexico and Chile show stron-
ger ties with the United States than with Europe and Japan.

BRIICS’ (Brazil, the Russian Federation, India, Indonesia,
China and South Africa) trademark activity abroad is low
compared to OECD countries, with South Africa the most
outward-oriented, followed by China and Brazil. The
number of trademarks registered at the respective national
offices cannot be compared as different class systems exist
(e.g. China, India. See chapter notes).

TMs for goods have the highest number of applications for
all countries at both OHIM and USPTO. The share of TMs for
services is highest for the United States at the USPTO and
for Norway at the OHIM. Countries tend to file proportion-
ally more service TMs in their home markets. In addition,
most countries show a higher share of trademarks services
at the OHIM than at the USPTO.

Geographic distance and cultural proximity, the presence
and location of foreign affiliates, countries’ competitive
advantages and industrial specialisation, and trade agree-
ments may explain the patterns observed.

Definitions

Trademarks are distinctive signs identifying goods or
services. They help consumers choose products that
meet their needs and expectations in terms of nature,
quality and price. Trademarks are a form of intellectual
property protection granting owners the exclusive right
to use them. This protection is enforced by the courts,
which in most systems may block infringements. A
trademark’s country of origin is defined according to the
address of the firm or economic agent listed in the
trademark document. The word trademark is some-
times used as a synonym for brand, but the concept of
brand is wider than that of trademark. Brands combine
tangible and intangible elements such as image and
reputation, and may or may not involve trademarks.
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3. Trademarks

Trademark applications by BRIICS countries at national IP offices, USPTO, OHIM, and JPO, ratio to GDP, 2007-09 average
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Source: WIPO, Statistics on Trademarks, May 2011; US Patent and Trademark Office (2011), “The USPTO Trademark Casefile Dataset (1884-2010)"; OHIM
Community Trademark Database; CTM Download, April 2011; JPO (2008-10), Annual Reports; OECD, National Accounts Database, June 2011; and IMF,
World Economic Outlook Database, June 2011. See chapter notes.
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Share of goods and services trademark applications at USPTO and OHIM, 2007-09
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CTM Download, April 2011. See chapter notes.
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Measurability

Applications to register trademarks must be filed with the relevant national or regional trademark offices and contain
the list of goods or services (or both) to which the sign would apply. The current edition of the International Classification
of Goods and Services for the Purposes of the Registration of Marks, known as the “Nice Classification” (ninth edition, entered
into force on 1 January 2007) contains 34 classes of goods and 11 classes of services. Good trademarks relate to
classes 1-34; service trademarks correspond to classes 35-45. Fractional counts based on the classes designated in the
TM application are used to quantify good and service trademarks. Most countries allow for multi-class filings; a few
countries allow only single-class applications (e.g. China). The period of protection may vary — it is typically ten years —
and trademarks can be renewed indefinitely upon payment of fees. Fees are generally proportional to the number of
classes designated, with exceptions such as OHIM allowing for up to three designated classes for the same initial fee.
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4. Public support to R&D

Government-financed BERD by firm size, 2009
As a percentage of total government-financed BERD
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See chapter notes.
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SMEs play an important role in innovation. There are
concerns that the recent economic crisis may have affected
them disproportionally in terms of securing funding for
R&D and other innovation-related activities. In some
countries governments play a key role in funding R&D
activities of SMEs. In most, between 40% and 80% of
government-financed business expenditures in research
and development (BERD) goes to SMEs, a figure that reaches
over 90% in Estonia and Hungary. However, in larger
countries such as the United Kingdom, France and the
United States, the bulk of public support goes to large
firms.

Regular training is one of the means by which firms can
maximise the potential of their human capital and is thus
a key part their innovation activities. There is wide varia-
tion across countries in the use of innovation-related
training. Large firms tend to do more, although the gap is
quite narrow in some countries. Compared to earlier data,
the share of firms with innovation-related training appears
to be declining slightly on average, both in larger firms
and SMEs.

Many countries offer various financial incentives for firms
to engage in innovation activities (R&D and other) but the
rate of uptake varies widely. In most countries large firms
tend to be the main beneficiaries of such schemes but the
rate of uptake among innovative firms seems to be declin-
ing over time.

Definitions

Government-financed BERD includes all forms of direct
support such as grants, some types of loans as well as
procurement contracts. It does not include R&D tax
credits or other indirect support measures.

Training relates to internal or external training for
personnel specifically for the development of and/or
introduction of new or significantly improved
products or processes.

Public support for innovation includes financial support
via tax credits or deductions, grants, subsidised loans,
and loan guarantees. It excludes research and other
innovation activities conducted entirely for the public
sector under contract.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY SCOREBOARD 2011 © OECD 2011


http://dx.doi.org/10.1787/888932487229

4. Public support to R&D

Firms engaged in innovation-related training by firm size, 2002-04 and 2006-08
As a percentage of innovative firms
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Source: OECD, based on Eurostat [CIS-2008, CIS-2006 and CIS-2004 (CIS4)] and national data sources, June 2011. See chapter notes.
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Firms receiving public support for innovation by firm size, 2002-04 and 2006-08
As a percentage of innovative firms
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Measurability

BERD data only cover direct support (grants as well as contracts) and should be complemented with additional
information on indirect support (such as foregone revenue from R&D tax credits) to obtain a broader picture of public
support to business R&D.

The data on training and public support refer only to product/process innovations in Community Innovation Survey
(CIS) countries, but could include other types of innovation (notably, non-technological) in other countries.
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5. Tax incentives for business R&D

Direct government funding of business R&D
and tax incentives for R&D, 2009

As a percentage of GDP
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Governments foster business research and development
(R&D) with direct support via grants or procurement and
fiscal incentives, such as R&D tax incentives. Today,
26 OECD governments use fiscal incentives to promote
business expenditure on R&D, up from 12 in 1995 and 18
in 2004. Among those that do not (Germany, Finland,
Sweden), some are discussing their introduction. Brazil,
China, India, the Russian Federation, Singapore and South
Africa also offer incentives for investment in R&D.

The United States and Spain rely more on direct support,
while Canada, the Netherlands, Portugal and Japan mostly
use indirect tax support to foster industrial R&D. The bal-
ance of direct and indirect R&D support varies from coun-
try to country, as each tool addresses different market
failures in various ways and stimulates different types of
R&D activity. The Russian Federation, France and Korea
provide the largest combined support relative to GDP.

The United States, France, Canada, Japan and Korea
provide the largest volumes of tax incentives for R&D
volumes. Countries that spend relatively more in funding
business R&D appear to have a higher business R&D inten-
sities. However, this does not imply a causal relationship
and there are some notable exceptions. Finland and Japan
have relatively high business R&D intensity compared
to their degree of government support, while the Russian
Federation and France have high rates of support relative
to countries with similar business R&D intensities. Finland
and Sweden have high intensities without the use of
tax incentives. Identifying the impact of past or future
government incentives requires data on policy inputs and
research and economic outputs and careful research design
to identify the counterfactual against which to compare
observed performance.

Definitions

Government tax incentives for R&D include R&D tax
credits, R&D allowances, reductions in R&D workers’
wage taxes and social security contributions, as well as
accelerated depreciation of capital used for R&D. These
tax rebates are excluded from the definition of direct
government funding of R&D captured in estimates of
government budget appropriations or outlays for R&D
(GBAORD). The value of remitted taxes is also excluded
from reported government funding of firms’ R&D
intramural expenditures, which only include direct
transfers of R&D funds. Some governments also
provide tax incentives in the form of favourable treat-
ment of income generated through the exploitation of
intellectual property that may be due to previous R&D
activities. These incentives are not included.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY SCOREBOARD 2011 © OECD 2011


http://dx.doi.org/10.1787/888932487400

5. UNLEASHING INNOVATIO

5. Tax incentives for business R&D

Business R&D intensity and government support to business R&D, 2009

Indirect tax support to business R&D, 2009 (USD millions PPP)
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Measurability

Most countries provide fiscal incentives through tax credits or allowances and capital expensing. Corporate taxation
is typically the main conduit, but Belgium, Denmark, France, Korea, the Netherlands and Spain also provide
reductions in R&D workers’ wages, taxes and social security contributions. Sub-national tax incentives for R&D are
generally not captured in the national sources, as in US states and Canadian regions. The cost of tax incentives is
estimated and reported in different ways. The experimental nature of these indicators needs to be recalled when
comparing them to other R&D indicators. For example, when comparing to business intramural expenditures, eligible
R&D expenditures can differ; R&D tax incentives can be used by companies in some circumstances to fund intramural
or extramural R&D, some of which can take place in other sectors. In line with Frascati Manual guidance, tax incentives
are excluded from the definition of government-funded BERD to minimise the risk of double counting. Administrative
data from government R&D budgets (GBAORD) share features with tax incentive data but sectoral breakdowns are
rarely available and cannot be used to estimate support for business R&D to compare with tax incentive data. The
OECD is working on improving the comparability of these statistics for use in policy analysis.
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6. Entry, exit and survival

Two-year survival of firms in manufacturing and services,
2004 cohort

As a percentage of the total population of employer enterprises
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The birth and death of new enterprises are key indicators of
business dynamism. Birth rates reflect an important dimen-
sion of entrepreneurship: the capacity to start up entirely
new businesses. Death rates can give policy makers an indi-
cation of the impact of downturns on businesses and show
that running a business often also involves failure.

Together, employer enterprise birth and death rates reflect
the process of creative destruction. An efficient process of
firm entry and exit makes an important contribution to
aggregate employment and productivity growth: market
selection leads to the death of less productive firms and the
success of more productive ones.

A breakdown by industry shows that there is more entry
and exit in services than in manufacturing, with a net entry
of services enterprises in most countries, and especially in
Estonia and the Slovak Republic. The picture is less clear in
manufacturing; relatively lower birth and death rates result
in net entry of manufacturing enterprises in the Slovak
Republic and Estonia, whereas a net exit is observed in oth-
ers, notably the United States, Portugal and Canada.

Figures on the survival rates of enterprises can provide
insights into key issues such as how long start-ups survive
after creation and the differences in enterprises’ survival
rates across countries and industries. In OECD countries for
which the data are available, two-year survival rates in
manufacturing and in services are on average 71% and 67%,
respectively. Survival rates of employer enterprises are
generally higher in manufacturing than in services.

Definitions

The n-year survival rate for a reference year t is calcu-
lated as the number of n-year survival enterprises as a
percentage of all enterprises that reported at least
one employee for the first time in year t—n. In the
OECD Structural and Demographic Business Statistics
Database, an enterprise is also considered to have
survived if the linked legal unit(s) has (have) ceased to
be active, but their activity has been taken over by a
new legal unit set up specifically to take over the
factors of production of that enterprise (survival by
takeover). This definition of survival excludes cases in
which enterprises merge or are taken over by an
existing enterprise in year t — n. The employer enterprise
birth and death rates are calculated as the number of
births and deaths of employer enterprises, respec-
tively, as a percentage of the population of active
enterprises with at least one employee.
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5. UNLEASHING INNOV

6. Entry, exit and survival

Employer enterprise birth rate (2007) and death rate (2006) in the manufacturing sector
As a percentage of the population of active enterprises with at least one employee
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Source: OECD (2011), Entrepreneurship at a Glance 2011, OECD Publishing, Paris.
Statlink sz http://dx.doi.org/10.1787/888932487305

Employer enterprise birth rate (2007) and death rate (2006) in the services sector
As a percentage of the population of active enterprises with at least one employee
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Source: OECD (2011), Entrepreneurship at a Glance 2011, OECD Publishing, Paris.
Statlink sz http://dx.doi.org/10.1787/888932487324

Measurability

The OECD defines an employer enterprise birth as the birth of an enterprise with at least one employee. This
employer-based indicator, developed in the framework of the OECD-Eurostat Entrepreneurship Indicators Programme
(EIP) and included in the OECD Structural and Demographic Business Statistics Database (SDBS), distinguishes
between start-ups without employees (self-proprietor/self-employed businesses) and the creation of new businesses
with employees. The latter typically have greater growth potential and economic significance. The data are collected
only through official sources, e.g. national statistical offices, and thus ensure the international comparability of the
data, as the main difference in coverage of business registers is due to the inclusion/exclusion of enterprises with no
employees. The current country coverage of EIP will increase progressively over the coming years to cover more OECD
member and non-member economies.
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7. Access to capital

Ease of access to loans, 2007-08 and 2009-10
Scale from 1 to 7 from hardest to easiest, weighted averages
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Bank loans are an important source of financing for
starting a new business or expanding an existing one. The
World Economic Forum'’s Global Competiveness Report,
which collects data through executive opinion surveys,
provides insight on individuals’ views on access to bank
loans in different countries. The data show that bank
financing became more difficult to obtain between 2007
and 2010 in all countries owing to the financial crisis.

Debt financing is the most common source of financing for
small, young firms, although innovative and high-growth
firms seek equity financing more than other types of small
firms (OECD, 2010). Often entrepreneurs seeking equity
investment start with their own funds and those of friends
and family. Depending on the size and scope of the venture,
entrepreneurs may need other external sources of equity
seed capital such as angel investment or venture capital.

Venture capital differs significantly among countries and is
very sensitive to market cycles in terms both of amounts
invested and stages of investment. Under conditions such
as today’s financial environment, venture capital funds
may invest in later stages, leaving gaps at the pre-seed and
seed stages where profit expectations are less clear and
risks much higher.

Business angels, who are often experienced entrepreneurs
or business people, are increasingly recognised as an
important source of equity capital at the seed and early
stage of company formation. Angel investors have sought
to fill the financing gap left by venture capitalists by invest-
ing with other angel investors through groups and syndi-
cates and increasing the deal size for companies seeking
early stage financing.

Definitions

The ease of access to loans indicator measures how easy
it is to obtain bank loans with only a good business
plan and no collateral on a scale of one to seven,;
higher values suggesting easier access. Venture capital
is private capital provided by specialised firms acting
as intermediaries between primary sources of finance
(insurance, pension funds, banks, etc.) and private
start-up and high-growth companies whose shares
are not freely traded on any stock market. A business
angel is a private investor who generally provides
finance and business expertise to a company in
return for an equity share in the firm. Some business
angels form syndicates or networks in order to take
on larger deals and spread risk.

Business angel groups are formed by individual angels
joining together with other angels in order to evaluate
and invest in entrepreneurial ventures. The angels
can pool their capital to make larger investments.

A business angel network is an organisation whose aim
is to facilitate the matching of entrepreneurs with
business angels.
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5. UNLEASHING INNOVA

7. Access to capital

Venture capital investment, 2009
As a percentage of GDP
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Source: OECD (2011), Entrepreneurship at a Glance 2011, OECD Publishing, Paris, based on OECD Entrepreneurship Financing Database, June 2011. See
chapter notes.
Statlink sz http://dx.doi.org/10.1787/888932487362

Business angel networks/groups, 2009
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Source: OECD, calculations based on EBAN (The European Trade Association for Business Angels, Seed funds and other Early Stage Market Players), ACA
(Angel Capital Association), NACO (National Angel Capital Organization) and AANZ (Angel Association New Zealand), March 2011. See chapter notes.
Statlink sz= http://dx.doi.org/10.1787/888932487381

Measurability

The access to loan index is based on the World Economic Forum’s Executive Opinion Survey of business executives’
views of their operating environment. In collaboration with 150 partner institutes in 139 countries, 13 607 surveys
were conducted in 2010 with an average of 98 respondents per country. National and regional venture capital
associations collect data from members. Until recently, these data were not fully comparable internationally, owing to
differences in definitions and classification methods. Given recent changes in methodology, comparability has
improved: inward and outward flows are treated the same way across countries and comparability of industry
classifications has improved (OECD, Entrepreneurship at a Glance 2011). National and regional angel capital associations
are beginning to collect data on the informal angel investment sector. The US Angel Capital Association (ACA) and the
European Business Angel Network (EBAN) work to expand the set of angel investment statistics beyond those
currently available. Angel investment is growing in Asia and other regions, although data are not yet collected in a way
that allows for cross-country and regional comparisons.
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ISL (2004, 2010)

LUX (2006, 2010)

Days needed to start a business, 2003 and 2010
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Source: World Bank, Doing Business Database, June 2011.
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Statlink sz http://dx.doi.org/10.1787/888932487438

Entry and growth of new firms is important, as is their
adaptability to changes in the economy and their ability to
exit when necessary. New enterprises drive a large number
of obsolete firms out of the market and often do not survive
very long themselves. A policy environment that fosters
the start-up and growth of new firms is essential for inno-
vation to flourish.

Cutting red tape to improve the quality of regulation is
important for facilitating business creation. The decrease
in the number of days needed to open a business shows
significant progress in this direction. On average in the
OECD area it takes 14 days to start a business, down from
34 days in 2003. In Indonesia the number has dropped sub-
stantially from 168 to 47 days, while in Brazil it still took
120 days to open a business in 2010.

A high-quality regulatory framework allows businesses to
enter the market and grow. During the last decade, most
OECD countries have lowered barriers to entrepreneurship.
In 2008, barriers to entrepreneurship were highest in China
and India (among OECD and BRIICS countries), especially
owing to administrative burdens on start-ups.

Individuals’ decisions to start a business are also affected
by taxes and tax policy: general taxes (personal income,
corporate and capital gain tax rates, social security contri-
butions) and targeted tax policies (tax incentives for
start-ups, young firms and SMEs). OECD analysis finds that
reducing top marginal personal income tax rates raises
productivity in industries with potentially high rates of
enterprise creation.

Definitions

Days needed to start a business is the median duration
indicated by incorporation lawyers as necessary to
complete the procedures. The barriers to entrepreneur-
ship indicator measures regulations affecting entre-
preneurship on a scale of zero to six; lower values
suggest lower barriers. The index is composed of
barriers to competition (legal barriers, antitrust
exemptions, barriers in network sectors and in retail
and professional services); regulatory and adminis-
trative opacity (licences, permits, simplicity of proce-
dures); and administrative burdens for creating new
firms. The marginal tax rate covers employees’ and
employers’ social security contributions and personal
income tax. The corporate income tax rate is the
statutory tax rate applicable to incorporated busi-
nesses. It combines the central and sub-central
(statutory) corporate income tax rate.
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8. Policy environment

Barriers to entrepreneurship, 2008
Scale from O to 6 from least to most restrictive
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Source: OECD, Product Market Regulation Database, May 2011.
Statlink sz=r http://dx.doi.org/10.1787/888932487457

Taxation on personal income and corporate income, 2010
Marginal personal income tax and social security contribution rates on gross labour income and statutory corporate income tax rates
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Source: OECD (2011), Taxing Wages 2009-2010, OECD Publishing, Paris. See chapter notes.

Statlink sz http://dx.doi.org/10.1787/888932487476

Measurability

Product market regulations indicators are quantitative indicators derived from qualitative information on laws and
regulations that may affect competition. The qualitative information mainly comes from a questionnaire filled by
national administrations. Higher-level (composite) indicators, such as the barrier to entrepreneurship indicator, are
calculated as weighted averages of their lower-level indicators using equal weights for aggregation. Personal income
taxes and the differential between the treatment of self-employment income and wage income affect individuals’
decision to start a business. Corporate taxes determine the after-tax returns on investment and therefore drive firms’
investment decisions. Personal income tax rates on gross wage income are calculated within the OECD Taxing Wages
framework, which allows for international comparability across countries.
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9. Entrepreneurial talent and culture

Self-employed by place of birth, 2007-08

As a percentage of all employed persons, two-year average
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Source: OECD (2011), International Migration Outlook 2011, OECD Publishing,
Paris.
Statlink sz http://dx.doi.org/10.1787/888932487495

156

Entrepreneurship empowers people to take their future
into their own hands, whether through self-employment
or by creating a firm that employs other individuals. A
country’s entrepreneurial activity ranges from self-employ-
ment to the creation of high-growth firms. While data is
not available for all these types of entrepreneurs, self-
employment data is available and helps shed some light
into the diversity of entrepreneurs in a country.

Foreign migrants often pursue entrepreneurial activities in
their country of residence. The potential contribution of
migrant entrepreneurs to the host-country’s economic
growth has drawn the attention of policy makers and
several OECD countries have introduced specific migration
policies to support them. While a first type of measures
consists in supporting migrant entrepreneurs already
established in the host country, a second type includes
specific admission policies that regulate the entry and stay
of foreign entrepreneurs and investors. Self-employment
ratio is indeed higher among the foreign-born population
than the native-born population in most of the OECD
countries over the 2007-08 period. This share is particularly
high in Poland, the Slovak Republic and the Czech Republic.

Enabling people throughout the economy and society to
become entrepreneurs will provide new ideas, knowledge
and capabilities, and enhance the influence of market
demand on innovation. Developing entrepreneurial talent
is important for turning innovations into opportunities
which create value, jobs and economic growth. There are
no internationally comparable data on the gender dimen-
sion of entrepreneurship; however surveys from the Global
Entrepreneurship Monitor (GEM) Consortium provide
insights on entrepreneurial activity of women in different
countries. This data shows that the share of women entre-
preneurs has increased between 2005 and 2010, however
women still represent on average one third of entrepre-
neurs, except in Mexico and the Russian Federation where
they are on a par with men.

Contrary to popular belief, the majority of entrepreneurs
start companies later in life. On average across countries,
half of entrepreneurs are over 45 years old. In addition, the
average age of entrepreneurs increased from 2005 to 2010.

Definitions

Self-employed persons are those who work in their own
business, professional practice or farm for the
purpose of earning a profit. They may or may not have
employees. Entrepreneurially active population is
defined by GEM as adults in the working-age popula-
tion who are actively involved in business start-ups
(nascent entrepreneurs or owner-managers of new
firms) and business owners who have paid salaries
and wages for more than 42 months (established
business owners).
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9. Entrepreneurial talent and culture

Women entrepreneurs, 2005 and 2010
As a percentage of all entrepreneurs
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Source: GEM, Global Entrepreneurship Monitor Database, July 2011.

Statlink sz=m http://dx.doi.org/10.1787/888932487514

Entrepreneurs aged less than 45 years-old, 2005 and 2010
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Source: GEM, Global Entrepreneurship Monitor Database, July 2011.
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Measurability

While several proxies have been used to determine the level of entrepreneurship in countries, more work is needed to
develop metrics that provide a complete picture of entrepreneurial activity.

Data on self-employment is based on the European and national labour force surveys whose concepts and definitions
are based upon the ILO’s guidelines to guarantee international comparability. Indicators on entrepreneurial
characteristics by gender and age are derived from the Global Entrepreneurship Monitor (GEM) survey which collects
information on personal assessments, attitudes and perceptions, in addition to intentions of starting a business. Run
by national teams, the GEM survey is conducted among at least 2 000 people within a country’s adult population. See
www.gemconsortium.org for more details on the methodology.
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Cyprus
The following note is included at the request of Turkey:

“The information in this document with reference to ‘Cyprus’ relates to the southern part of the Island. There is no
single authority representing both Turkish and Greek Cypriot people on the Island. Turkey recognises the Turkish
Republic of Northern Cyprus (TRNC). Until a lasting and equitable solution is found within the context of the
United Nations, Turkey shall preserve its position concerning the ‘Cyprus issue’.”

The following note is included at the request of all the European Union member states of the OECD and the
European Commission:

“The Republic of Cyprus is recognised by all members of the United Nations with the exception of Turkey. The information
in this document relates to the area under the effective control of the Government of the Republic of Cyprus.”
Israel

“The statistical data for Israel are supplied by and under the responsibility of the relevant Israeli authorities. The use
of such data by the OECD is without prejudice to the status of the Golan Heights, East Jerusalem and Israeli
settlements in the West Bank under the terms of international law.”

“It should be noted that statistical data on Israeli patents and trademarks are supplied by the patent and trademark
offices of the relevant countries.”

Innovation strategies by firm size, 2006-08

For Brazil, only the following activities are included in the services sector: ISIC Rev. 4 Divisions 58, 61, 62 and 72.

For Canada, data refer to 2007-09 and cover firms with 20 or more employees. Firms with ongoing/abandoned
innovation activities are not identified. The industries covered are NAICS (2007) 31-33, 41, 48, 49, 51, 52 and 54.

For Chile, data refer to 2007-08 and firms with ongoing or abandoned innovative activities are not identified.
Data are based on ISIC Rev. 3.1 and include a wider range of activities such as agriculture, forestry, fishing,
construction, and some services.

For Korea, data refer to 2005-07 and cover only firms with more than 10 employees in the manufacturing sector.
Product innovation only covers innovation for goods.

For New Zealand, data refer to 2008-09 and include firms with 6 or more employees.
For the Russian Federation, data refer to manufacturing firms with 15 or more employees.
For South Africa, data refer to 2005-07 and include the retail trade sector. Firm size is based on turnover.

Innovation strategies in the manufacturing sector, 2006-08

For Canada, data refer to 2007-09 and cover firms with 20 or more employees. Firms with ongoing/abandoned
innovation activities are not identified.

For Chile, data refer to 2007-08 and firms with ongoing or abandoned innovative activities are not identified.

For Korea, data refer to 2005-07 and cover only firms with more than 10 employees. Product innovation only
covers innovation for goods.

For New Zealand, data refer to 2008-09 and include firms with 6 or more employees.
For the Russian Federation, data refer to firms with 15 or more employees.
For South Africa, data refer to 2005-07.

Innovation strategies in the services sector, 2006-08

For Brazil, only the following activities are included in the services sector: ISIC Rev. 4 Divisions 58, 61, 62 and 72.

For Canada, data refer to 2007-09 and cover firms with 20 or more employees. Firms with ongoing/abandoned
innovation activities are not identified. The industries covered are NAICS (2007) 41, 48, 49, 51, 52 and 54.

For Chile, data refer to 2007-08 and firms with ongoing or abandoned innovative activities are not identified.
Data are based on ISIC Rev. 3.1 and include the following sectors: G, 1(60-64), ], K72 and K74.

For New Zealand, data refer to 2008-09 and include firms with 6 or more employees.
For South Africa, data refer to 2005-07 and include the retail trade sector.
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Firms engaged in innovation collaboration by R&D status, 2006-08

For Brazil, only the following activities are included in the services sector: ISIC Rev. 4 Divisions 58, 61, 62 and 72.

For Chile, data refer to 2007-08 and firms with ongoing or abandoned innovative activities are not identified.
Data are based on ISIC Rev. 3.1 and include a wider range of activities such as agriculture, forestry, fishing,
construction, and some services.

For Korea, data refer to 2005-07 and cover only firms with more than 10 employees in the manufacturing sector.

For New Zealand, data refer to 2008-09 and include firms with six or more employees. Innovative firms include
technological and non-technological innovators.

For the Russian Federation, data refer to manufacturing firms with 15 or more employees.

For South Africa, data refer to 2005-07 and include the retail trade sector.

For Spain, R&D status corresponds to 2008 only.

For Turkey, data are based on NACE Rev. 1.1 and exclude some activities within NACE Rev. 2 Divisions J58 and J63.

Product innovators by R&D status, 2006-08

For Brazil, only the following activities are included in the services sector: ISIC Rev. 4 Divisions 58, 61, 62 and 72.

For Chile, data refer to 2007-08 and firms with ongoing or abandoned innovative activities are not identified.
Data are based on ISIC Rev. 3.1 and include a wider range of activities such as agriculture, forestry, fishing,
construction, and some services.

For Korea, data refer to 2005-07 and cover only firms with more than 10 employees in the manufacturing sector.
Product innovation only covers goods innovation.

For New Zealand, data refer to 2008-09 and include firms with six or more employees.

For the Russian Federation, data refer to manufacturing firms with 15 or more employees.

For South Africa, data refer to 2005-07 and include the retail trade sector.

For Spain, R&D status corresponds to 2008 only.

For the United States, data cover all firms with more than five employees across all industries.

Process innovators by R&D status, 2006-08

For Brazil, only the following activities are included in the services sector: ISIC Rev. 4 Divisions 58, 61, 62 and 72.

For Chile, data refer to 2007-08 and firms with ongoing or abandoned innovative activities are not identified.
Data are based on ISIC Rev. 3.1 and include a wider range of activities such as agriculture, forestry, fishing,
construction, and some services.

For Korea, data refer to 2005-07 and cover only firms with more than 10 employees in the manufacturing sector.
For New Zealand, data refer to 2008-09 and include firms with six or more employees.

For the Russian Federation, data refer to manufacturing firms with 15 or more employees.

For South Africa, data refer to 2005-07 and include the retail trade sector.

For Spain, R&D status corresponds to 2008 only.

For the United States, data cover all firms with more than five employees across all industries.

Trademark applications at JPO, OHIM and USPTO, 2007-09 average

Average number of trademark applications at the various offices over the period 2007-09, expressed as a ratio to GDP.

Counts are presented according to the application date and the address of the applicant. Countries are ordered
according to USPTO figures.

Trademark applications by BRIICS countries at national IP offices, USPTO, OHIM, and JPO, ratio to GDP,
2007-09 average

Average number of trademark applications at the various offices over the period 2007-09, expressed as a ratio to
GDP. Counts are presented according to the application date and the residence of the applicant.

National offices’ figures are not directly comparable as some countries have single-class systems (Brazil, China,
South Africa) whereas others have adopted a multi-class system (India, the Russian Federation), and some
countries are currently in a transition phase from single-class to multi-class systems (Indonesia).
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For Brazil national office figure refers to 2006-08.
For India, national office figure refers to 2003-05.
For Indonesia, national office figure refers to 2004-06.

Share of goods and services trademark applications at USPTO and OHIM, 2007-09

Shares of good and service trademarks are calculated using fractional counts of the classes designated in the
trademark application. Classes 1 to 34 relate to goods; classes 35 to 45 relate to services.

Countries are ordered according to the share of good trademarks at USPTO.

Government-financed BERD by firm size, 2009

Small firms (fewer than 50 employees): for the United States, 5-49 employees; for Luxembourg, the Netherlands
and Sweden, 10-49 employees.

Firms engaged in innovation-related training by firm size, 2002-04 and 2006-08

For Austria and Slovenia, the periods are 2004-06 and 2006-08.
For Brazil, only the following activities are included in the services sector: ISIC Rev. 4 Divisions 58, 61, 62 and 72.

For New Zealand, data refer to 2004-05 and 2008-09 and include firms with six or more employees. Innovative
firms include technological and non-technological innovators.

For the Russian Federation, data refer to manufacturing firms with 15 or more employees.
For South Africa, data refer to 2005-07 and include the retail trade sector. Firm size is based on turnover.

Firms receiving public support for innovation by firm size, 2002-04 and 2006-08

For Brazil, only the following activities are included in the services sector: ISIC Rev. 4 Divisions 58, 61, 62 and 72.

For Canada, data refer to 2002-04 and 2007-09 and cover firms with 20 or more employees. Firms with ongoing/
abandoned innovation activities are not identified. The industries covered are NAICS (2007) 31-33, 41, 48, 49, 51,
52 and 54 for 2007-09, and manufacturing only for 2002-04.

For Chile, data refer to 2007-08 and firms with ongoing or abandoned innovative activities are not identified.
Data are based on ISIC Rev. 3.1 and include a wider range of activities such as agriculture, forestry, fishing,
construction, and some services.

For China, data refer to 2004-06 and exclude all services. In addition, large firms are defined as firms with over
2 000 employees, over CNY 300 million turnover and over CNY 400 million capital. SMEs are the remaining firms
with at least CNY 5 million turnover.

For Israel, data refer to public support for R&D.

For Mexico, data refer to 2008-09 and cover firms with 20 or more employees. The industries covered are based
on ISIC Rev. 3.1 and include a wider range of activities such as agriculture, construction and some services.

For the Russian Federation, data refer to manufacturing firms with 15 or more employees.
For Slovenia, the periods are 2004-06 and 2006-08.
For South Africa, data refer to 2005-07 and include the retail trade sector. Firm size is based on turnover.

Direct government funding of business R&D and tax incentives for R&D, 2009

The estimates of R&D tax expenditures do not cover sub-national R&D tax incentives.
Estonia, Finland, Germany, Luxembourg, Sweden and Switzerland do not provide R&D tax incentives.

China, Greece, Iceland, Israel, Italy , the Slovak Republic and the Russian Federation provide R&D tax incentives
but cost estimates are not available.

Estimates for Australia, Hungary and Korea are based on country responses to the 2010 OECD R&D tax incentives
questionnaire.

2008 instead of 2009 for Australia, Chile, France, Germany, Hungary, Iceland, Ireland, Israel, Italy, Japan, Korea,
Portugal, South Africa, Switzerland and the United States.

2007 instead of 2009 for Austria, Belgium, Greece, Mexico, New Zealand and Spain.

The estimate for Austria covers the refundable research premium but excludes other R&D allowances. The value
of research premium has been taken out of direct government funding of business R&D to avoid double counting.
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For 2008, estimates for France are based on accrual accounting measures of tax costs instead of cash-based
measures of foregone tax. Before 2009, unused credits in France could not be refunded for three years, resulting
in significant differences in tax cost estimates according to the method used. For 2008, claims exceeded paid
credits by EUR 2.7 billion while in 2009, as a result of exceptional stimulus measures that allowed for the
immediate payment of tax credit liabilities, tax expenditures exceeded claims by nearly EUR 1.5 billion. 2009 data
for France are not reported due to the unavailability of comparable estimates for business R&D direct funding for
that year.

The United States estimate covers the research tax credit but excludes the expensing of R&D.

Business R&D intensity and government support to business R&D, 2009

The estimates of R&D tax expenditures do not cover sub-national R&D tax incentives.
Estonia, Finland, Germany, Luxembourg, Sweden and Switzerland do not provide R&D tax incentives.

China, Greece, Iceland, Israel, Italy, the Slovak Republic and the Russian Federation provide R&D tax incentives
but cost estimates are not available.

Mexico and New Zealand repealed tax schemes in 2009. No cost estimates are available for Mexico. In 2008, the
cost for R&D tax incentives for New Zealand was NZD 103 million but BERD government funding data are not
available for that year.

Estimates for Australia, Hungary and Korea are based on country responses to the 2010 OECD R&D tax incentives
questionnaire.

2008 instead of 2009 for Australia, Chile, France, Germany, Hungary, Iceland, Ireland, Israel, Italy, Japan, Korea,
Portugal, South Africa, Switzerland and the United States.

2007 instead of 2009 for Austria, Belgium, Greece, Mexico, New Zealand and Spain.

The estimate for Austria covers the refundable research premium but excludes other R&D allowances. The value
of research premium has been taken out of direct government funding of business R&D to avoid double counting.

For 2008 and 2004, estimates for France are based on accrual accounting measures of tax costs instead of cash-
based measures of foregone tax. Before 2009, unused credits in France could not be refunded for three years,
resulting in significant differences in tax cost estimates according to the method used. For 2008, claims exceeded
paid credits by EUR 2.7 billion while in 2009, as a result of exceptional stimulus measures that allowed for the
immediate payment of tax credit liabilities, tax expenditures exceeded claims by nearly EUR 1.5 billion. 2009 data
for France are not reported due to the unavailability of comparable estimates for business R&D direct funding for
that year.

The United States estimate covers the research tax credit but excludes the expensing of R&D.

Venture capital investment, 2009

Other venture capital stage: Includes early expansion for Australia, later stage for European countries and
expansion for the United States.

For European countries, bridge financing have been removed from later stage.

Seed/Start-up/Other early stage: Includes pre-seed stage for Australia.

Data providers are: EVCA (European countries), ABS (Australia), KVCA (Korea), PwCMoneyTree (Israel and the
United States) and Thomson Reuters (Canada).

Business angel networks/groups, 2009

Data refer to networks and groups surveyed by the business angel associations.

Business angel groups are formed by individual angels joining together with other angels in order to evaluate
and invest in entrepreneurial ventures. The angels can pool their capital to make larger investments.

A business angel network is an organisation whose aim is to facilitate the matching of entrepreneurs with
business angels.

For Canada, data refer to 2010.
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ING INNOVATION IN FIRMS

Taxation on personal income and corporate income, 2010

General notes on the chart:

e Marginal tax rate covers employees’ and employers’ social security contributions and personal income tax,
with respect to a change of gross labour costs. It is given for a single person without dependent, at 167% of the
average wage earner/average production worker. It assumes a rise in gross earnings of the principal earner in
the household. The outcome may differ if the wage of the spouse goes up, especially if partners are taxed
individually.

¢ The marginal rates are expressed as a percentage of gross labour costs.

¢ Corporate income tax shows the basic combined central and sub-central (statutory) corporate income tax rate
given by the adjusted central government rate plus the sub-central rate.

Notes on statutory corporate income tax rate:

e For Australia, New Zealand and the United Kingdom, all with a non-calendar tax year, the rates shown are
those in effect as of 1 July, 1 April and 5 April respectively.

¢ In Belgium, the effective CIT rate can be substantially reduced by a notional allowance for corporate equity.

¢ In Chile, individuals and legal entities that are not resident or domiciled in Chile are taxed on any income
derived from Chilean sources with a general tax rate of 35% (lower rates apply for some types of income and
are available under double taxation agreements).

e In Estonia, since 1 January 2000, the corporate income tax is levied on distributed profits.

¢ For France, the rates include a surcharge, but do not include the local business tax (Taxe professionnelle) or the
turnover based solidarity tax (Contribution de Solidarité).

¢ For Germany, the rates include the regional trade tax (Gewerbesteuer) and the surcharge.

¢ For Hungary, the rates do not include the turnover based local business tax, the innovation tax, the financial
institutions’ surtaxes, the energy suppliers’ surtax and the crisis taxes.

e In Israel, within the VAT law, financial institutions pay taxes on the combination of their wages and salaries
and their profits. These amounts are deductible from profits in the assessment of corporate income tax.

e For Italy, these rates do not include the regional business tax (Imposta Regionale sulle Attivita Produttive; IRAP).

¢ In Poland, there is no sub-central government tax; however local authorities (of each level) participate in tax
revenue at a given percentage for each level of local authority.

e In Portugal since 2009, two general tax rates are applied at a Central Government Level. A general tax rate of
12.5% is applied for the first EUR 12 500 of taxable income and a 25% tax rate is applied for the remaining
amount of taxable income (when the total taxable income exceeds EUR 12 500).

¢ For Switzerland, church taxes, which cannot be avoided by enterprises, are included.

¢ For the United States, the sub-central rate is a weighted average state corporate marginal income tax rate.
¢ The Netherlands applies to taxable income over EUR 200 000.

Note on marginal personal income tax rate:

¢ For Turkey, wage figures are based on the old definition of average worker (ISIC D, Rev. 3).
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6. COMPETING IN THE GLOBAL ECONOMY

1. Employment

2. Services-manufacturing linkages
3. Firm size and dynamics

4. Sectoral specialisation

5. Foreign affiliates

6. Trade openness

7. Import content of exports

8. R&D specialisation

9. Technology specialisation

10. E-commerce uptake

11. Patenting firms

12. Innovative sectors

13. Technology performance: quality
14. Technology performance: impact
Notes

References

Today’s knowledge economies are increasingly service-oriented and rely on fewer sectors
to grow and compete in the global economy. This chapter first outlines the characteristics of
economies regarding the employment structure, the role of services in manufacturing, the
weight of multinational firms and differences and similarities in terms of firm size and
growth. Novel indicators of industrial specialisation reveal which sectors contribute more to a
given economy. Indicators of import content of exports show countries' reliance on other
economies to satisfy their consumption and to compete in export markets. Another set of
indicators looks in depth at R&D specialisation, the importance of online activities in the
economy and technology specialisation in new growth areas. Competing in the global economy
also requires dynamic and innovative firms. The focus is then put on patenting firms, including
younger ones, and experimental indicators match patent filings with company data.
Innovative sectors are at the heart of competitive economies and innovation can flourish in
every sector of the economy. A method for developing a new taxonomy of sectors based on
technological and non-technological innovation is proposed. Finally, new experimental
indicators use patent data to construct indexes of patent quality and impact in terms of
breakthrough inventions.
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1. Employmeht

Employment in services, 2009
As a percentage of total employment
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With employment in manufacturing and construction being
particularly badly hit during the recent crisis, the role of ser-
vices in many OECD countries became even more signifi-
cant. By 2009 services accounted for over 72% of OECD
employment reaching about 80% in the United Kingdom, the
Netherlands and United States. Public services continue to
be significant employers; the OECD average was about 30%
in 2009 and reached over 35% in some countries, particularly
in Scandinavia. Countries that still have a significant indus-
trial or agricultural base (such as Poland, Slovenia and
Turkey), inevitably rely less on services; however, services
are still responsible for over half of their employment.

All industries generate or exploit new technology and
knowledge, but some are more technology- or knowledge-
intensive than others. They are leading producers of high-
technology goods and activities (notably services) that are
intensive users of high technology and/or have the highly
skilled workforce needed to benefit fully from technological
innovations.

In general, the share of employment in knowledge-intensive
services increased steadily between 2000 and 2008, mainly
driven by business activities (e.g. IT-related services, legal,
engineering and other technical services) and buoyant finan-
cial sectors. In a few countries these sectors account for over
20% of employment.

In contrast, the share of high- and medium-high-technology
manufacturing in OECD employment has declined steadily
in recent years due to rapid productivity growth and the
continuing shift of such activities to non-OECD countries,
including off-shoring by multinational firms. The decline
has been particularly marked in Ireland and the United
Kingdom, while the Czech Republic, the Slovak Republic,
Hungary and Poland have experienced increases.

Definitions

Market sector services are defined according to ISIC
Rev. 3 Divisions 50-74; public sector services as
Divisions 75-99: Government (75), Education (80),
Health (85), Other community, social and personal
services (90-93) and Private households (95); and
industry as Divisions 10-41: Mining (10-14), Manufac-
turing (15-37) and Utilities (40-41).

Knowledge intensive “market services”: Post and tele-
communications (64), Finance and insurance (65-67)
and Business activities (71-74).

High and medium-high technology manufactures: Chemi-
cals and chemical products (24), Manufacture of
machinery and equipment, n.e.c. (29), Electrical and
optical equipment (30-33) and Transport equipment
(34-35) — determined by analysis of industry R&D
intensity (R&D expenditure relative to output) for an
aggregate of OECD countries.
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1. Employment

Employment in knowledge-intensive “market” services, 2008
As a percentage of total employment
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Source: OECD, Structural Analysis Database (STAN), May 2011. See chapter notes.
Statlink sz http://dx.doi.org/10.1787/888932487571

Employment in high- and medium-high technology manufacturing industries, 2000 and 2008

As a percentage of total employment
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Source: OECD, Structural Analysis Database (STAN), May 2011. See chapter notes.
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Measurability

Using an industry-based definition, the distinction between market and public services is an approximate one. In
OECD countries, private education and health services are available to varying degrees while some transport and
postal services remain in the public realm.

While there have been established methods for classifying manufacturing industries according to technological
intensity (e.g. measurement of direct and indirect, or embodied, R&D expenditure relative to output), determining the
“knowledge-intensive” services sectors has proved more challenging. As many services perform relatively limited
amounts of formal R&D, other metrics have to be used, such as skill composition of the workforce and intensity of
investment in ICT equipment. Recent work has focused on using data from innovation surveys. The development of such
classifications also has to take into account the level of industry detail present in the data collections to be analysed.
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Services-related occupations in manufacturing,
2000 and 2008

As a percentage of all employees in manufacturing
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Manufacturing production in many OECD economies has
declined in recent decades so that, on average, services
now account for about 70% of OECD GDP. In fact, in the
United States and the United Kingdom, employment in
manufacturing industries is now less than 10% of total
employment. As part of this general decline, the scope and
nature of manufacturing has changed so that what was
once dominated by skilled trades and vocations, machine
operators, assembly line workers, etc., now relies increas-
ingly on service occupations and service inputs. This
reflects the increasing use of technology in production,
international sourcing of more sophisticated intermediate
inputs and a range of social factors (such as the changing
skill composition of populations).

Measuring trends in the interdependence of services and
manufacturing industries is not easy. However, the two
indicators presented here suggest that for many countries,
the share of service activities necessary for manufacturing
production has increased in recent years.

Data on occupations show that in the last decade there has
been a steady increase in the share of employees in the
manufacturing sector who are employed in occupations
that can be considered as services-related, such as man-
agement, business, finance and legal professionals.
In 2008, on average, the share in the OECD area had
reached about 35% although it varied between 18% (Poland)
and 52% (United States).

Estimates based on OECD’s “harmonised” input-output
tables can reveal the amount of services embodied in one
unit of final demand for manufactured goods. The contri-
bution of services value added needed to satisfy demand
for manufactured products varies between 10 and 30% -
again highlighting the symbiotic nature of the two sectors.
Between 1995 and 2005, significant increases in total
services embodied in manufacturing were evident in
Poland, Turkey and the United States. Such changes over
time may reflect a shift in industrial structures towards
manufacturing products that are more service intensive.

Definitions

Services related occupations are defined here as ISCO-88
major groups: 1. “Legislators, Senior Officials and
Managers”; 2. “Professionals”; 3. “Technicians and
Associate Professionals”; 4. “Clerks”; and 5. “Service
workers and shop and market sales workers”. Manu-
facturing refers to ISIC Rev. 3 (NACE Rev. 1) Divisions 15
to 37.
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2. Services-manufacturing linkages

Service sector value-added embodied in manufacturing output, 1995 and 2005
As a percentage of total value added of manufactured goods in final demand
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Source: OECD, STAN Input-Output Database, May 2011.
Statlink sz http://dx.doi.org/10.1787/888932487628

Measurability

In an input-output framework, domestic services indirectly embodied in manufactured goods produced for
final demand can be shown to be equal to:

v(l =AY
where v is a 1 x n vector with components vj (the ratio of value added to output in industry j for service
industries and zero otherwise), y’ is the 1 x n vector of domestically produced final demand with zero

entries for non-manufacturing goods and services, and A is an input coefficient matrix describing the ratio
of the inputs from industry i used to make the output of industry j.

Similarly, imported services embodied in manufactured goods is defined as:
m(l - Ay’
where mis a 1 x n vector with components of import ratio for service industries and zero otherwise.

Thus, the percentage of final demand in manufactured goods that reflects services sector value added of
domestic origin and from imports can be calculated thus:

v(I-A)y' Yy yand m(l - Ay /Dy

Considering domestically sourced and imported services separately reveals widespread increases in the
presence of imported services embodied in domestic manufacturing output, albeit from a low level of about 2%.
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3. Firm size and dynamics

Micro firms, 2007
As a percentage of all firms
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Paris. See chapter notes.
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Business dynamics have a significant impact on an econ-
omy'’s overall productivity growth, and this in turn affects a
country’s ability to compete globally. There is mixed empir-
ical evidence on the relation between firm size and busi-
ness dynamics, but small and medium enterprises (SMEs)
play a key role in all countries and are significant genera-
tors of employment and income. In the OECD area, SMEs
employ more than half of the private sector’s labour force.
In the European Union, they account for over 99% of all
enterprises. SMEs employing between 1 and 9 persons, also
called micro firms, represent more than 80% of all firms in
most OECD countries.

In spite of the strong presence of micro firms, a consider-
able part of the business sector’s value added is due to
enterprises with more than 250 employees. In 2007 in
Brazil and Luxembourg, more than 70% of total value added
was created by such firms.

While all forms of entrepreneurship play a critical role in the
economy, whether through self-employment or the creation
of SMEs, high-growth firms contribute most to productivity,
economic growth and job creation. They are a key source of
radical and high-impact innovation and key actors in the
entrepreneurial ecosystem. They contribute to growth not
only directly through the introduction and adoption of novel
technologies, but also indirectly through the increased
competitive pressure they put on incumbent firms.

Despite their key role in the economy, high-growth enter-
prises (measured by employment growth) represent on
average a small share of the total population of enterprises.
In 2007, the share of high-growth firms was larger in
services than in manufacturing in most of the countries for
which data are available.

Definitions

Micro firms have between 1 and 9 employees. High-
growth enterprises, as measured by employment, are
enterprises with average annualised growth in
employees of over 20% a year, over a three-year
period, and with ten or more employees at the begin-
ning of the observation period. The share of high-
growth enterprises is compiled as the number of high-
growth enterprises as a percentage of the population
of enterprises with ten or more employees. In defin-
ing high-growth firms, the OECD Entrepreneurship
Indicators Programme sets the size threshold at ten
employees at the start of any observation period to
avoid the small size class bias that the definition of
high growth inevitably implies.
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3. Firm size and dynamics

Value added by size class, 2007
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Source: OECD (2011), Entrepreneurship at a Glance 2011, OECD Publishing, Paris. See chapter notes.
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High-growth firms (based on growth in employment), 2007
As a percentage of all firms with ten or more employees
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Source: OECD (2011), Entrepreneurship at a Glance 2011, OECD Publishing, Paris. See chapter notes.
Statlink sz=r http://dx.doi.org/10.1787/888932487685
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Measurability

The OECD-Entrepreneurship Indicators Programme (EIP) relies on data from national business registers. In spite of the
aim of full coverage of existing businesses in a given country, there are cross-country differences in terms of coverage of
business registers owing to national circumstances and data availability. To safeguard the international comparability of
its indicators, the OECD-EIP collaborates closely with national statistical offices when using these sources.

Firms’ growth is traditionally assessed in terms of turnover and employment. Employment-based measures are less
affected by the main problems that affect turnover, in particular those related to price changes. Ideally, employment
should be counted in full-time equivalents rather than headcounts, but many countries do not collect this information
in business registers. In addition, changes in employment and turnover figures do not always reflect firms’ organic
growth; they can result from events such as mergers or acquisitions. When constructing comparable business
demography statistics, the OECD-EIP corrects, as much as possible, for such endogenous factors.
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Industrial specialisation, 1998 and 2008
Hannah-Kay index, calculated for theta equal to 2
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An economy can be defined as “specialised” if a few sectors
account for a relatively large share of the country’s GDP,
whereas it is “diversified” if each of a relatively high
number of sectors accounts for a small share of GDP. Indus-
trial specialisation or diversification patterns relate to
economies’ long-run productivity, resilience to a crisis,
investment patterns, innovativeness and performance of
firms and sectors. The Hannah-Kay (HK) diversification
index captures a country’s full sectoral composition and
accounts for the influence of larger sectors. A lower HK
corresponds to rising sectoral specialisation. The concen-
tration ratio (CR) index shows the share of value added
accounted for by the economy’s top four sectors.

In the last decade almost all economies became more speci-
alised albeit to different extents. Diversified economies
show HK values above 10 (the Czech Republic and Korea
in 1998 and 2008); less diversified economies have values
between 6 and 7 (France, Luxembourg and the United States
in 1998 and 2008; Norway, Israel, Belgium, Germany and the
United Kingdom in 2008). Between 1998 and 2008 Norway
had the greatest increase in sectoral specialisation (the HK
index decreased by almost 40%). Poland is the only country
showing slightly greater diversification in 2008 than in 1998,
whereas Korea’s HK index fluctuated but remained basically
unchanged between 1998 and 2008.

A few broad sectors, typically “Wholesale and retail” and
“Business activities”, are consistently among the top four in
terms of share of value added. The size of the two leading
sectors differs considerably across countries: in Norway,
Mining and quarrying is three times the size of the second
largest sector but in Spain, the top sectors are more evenly
distributed. In the G7 countries, the concentration ratio has
grown over the last 30 years; the top four sectors represent
on average 55% of total value added.

Definition

The Hannah-Kay (HK) index is calculated for a value of 6
(theta) equal to 2, value for which the HK corresponds
to the inverse of the Herfindahl index. 8 measures the
extent to which the index is influenced by large
sectors. The HK(2) is calculated on 20 sectors and takes
values ranging from 1 to 20. According to the measure
used, and in analogy to the threshold values suggested
by the concentration literature, countries can be con-
sidered diversified if HK(2) is bigger than 10, moder-
ately diversified for HK(2) values between 10 and 6,
moderately specialised if HK(2) values are between
6 and 4 and specialised for HK(2) smaller than 4. The
concentration ratio CR(4) is calculated on four sectors
and is defined as the cumulative share of the top four
sectors in an economy in terms of share of value
added.
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4. Sectoral specialisation

Value added of the top four industries, 2008
As a percentage of total value added (excluding real estate and the public sector)
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Source: OECD, Structural Analysis Database (STAN), May 2011. See chapter notes.
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Value added of the top four industries, G7, 1980-2009
As a percentage of total value added (excluding real estate and the public sector)
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Measurability
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Statlink sz http://dx.doi.org/10.1787/888932487742

Given data availability and coverage, and to ensure comparability across countries and over time, sectors are
considered individually (e.g. 45 is the construction sector) or at an aggregate level (e.g. 65-67 is the financial
intermediation sector). The HK(2) and CR(4) indicators shown rely on 20 main industries. Value added is taken at
current prices and non-market sectors are excluded from the calculation. Different levels of sectoral aggregation,
reference periods, value added measures and parameters would change the results. Greater sectoral disaggregation
improves the ability of the HK and CR indicators to identify key industries and trends. The indicators should be

considered experimental.
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5. Foreign affiliates

Distribution of foreign-controlled employment
by broad sectors, 2008
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Foreign affiliates contribute to a host country’s interna-
tional competitiveness through several channels. They
provide access to new markets and new technologies for
domestic suppliers and buyers, generate knowledge spill-
overs for domestic firms and typically invest a higher share
of their revenues in R&D. Foreign affiliates are responsible
for a large part of host countries’ employment, turnover
and value added. The share of foreign-controlled employ-
ment in OECD countries ranged from close to 5% to 35%
in 2008. In terms of value added, the foreign share is higher,
partly because multinational enterprises are typically
active in capital- and scale-intensive industries. Smaller
countries such as the Czech Republic, the Slovak Republic
and Hungary have a stronger presence of foreign-owned
firms; in addition, the presence of foreign affiliates has
increased significantly in these countries during the last
decade. Foreign affiliates account for a significantly smaller
share of total activity in the United States and Italy.

In most OECD countries, the largest number of jobs
controlled by foreign affiliates in 2008 was in service
industries. This was particularly true in Norway, the
Netherlands, Denmark, Spain and the United Kingdom.
The growing importance of foreign affiliates’ activities in
service industries is due to various factors: the shift from
manufacturing to services in developed economies; the
growing tradability of services following improvement in
information and communication technologies; and more
open policies for foreign investment in services.

Foreign affiliates’ employment in manufacturing is signifi-
cantly larger in central European countries. Many western
European companies have relocated production facilities to
the Slovak Republic, the Czech Republic, Hungary and
Poland over the past decade, especially following these
countries’ accession to the European Union.

Definitions

The term foreign affiliate is restricted to affiliates under
foreign control. The notion of control implies the ability
to appoint a majority of administrators empowered to
direct an enterprise and determine its strategic
choices. In most cases, this ability can be exercised by
a single investor holding more than 50% of the shares
with voting rights. The notion of control allows all of a
company’s activities (turnover, staff, value added) to be
attributed to the controlling investor. An investor
(company or individual) is considered to be the inves-
tor of ultimate control if it is at the head of a chain of
companies and controls directly or indirectly all the
enterprises in the chain without itself being controlled
by any other company or individual.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY SCOREBOARD 2011 © OECD 2011


http://dx.doi.org/10.1787/888932487761

5. Foreign affiliates

Share of national employment under control by foreign affiliates, 2000 and 2008
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Source: OECD, AFA, FATS and AMNE Databases, May 2011; Eurostat, NewCronos Database, April 2011. See chapter notes.
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Share of national value added under control by foreign affiliates, 2000 and 2008
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Source: OECD, AFA, FATS and AMNE Databases, May 2011; Eurostat, NewCronos Database, April 2011. See chapter notes.
Statlink sz http://dx.doi.org/10.1787/888932487799

Measurability

The share of affiliates under foreign control in host country employment may reflect the importance of foreign direct
investment in maintaining and/or creating employment in a compiling country. However, this information is not
sufficient to evaluate the net job creation of foreign investment in the compiling country.

Value added is the portion of an enterprise’s output that originates within the enterprise. It therefore provides a better
measure than turnover since foreign affiliates largely source intermediates within their multinational network.

The data come from the Activity of Multinational Enterprises (AMNE) database, which provides comparable data on the
performance of foreign affiliates and parent companies in the business sector. It contains 17 variables broken down by
country of origin (inward investment) or location (outward investment) and by industrial sector (based on ISIC Rev. 4).
These data provide a measure of the impact of foreign direct investment on the economies of OECD countries.
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Average of total exports and imports
as a percentage of GDP, 2000, 2008 and 2009
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The relative impact of the economic crisis on international
trade can be seen in a comparison of exports and imports as
a percentage of gross domestic product (GDP) between 2008
and 2009. GDP was severely affected in many countries, but
international trade suffered even more. After widespread
increases in the trade-to-GDP ratio between 2000 and 2008,
all OECD countries (except Iceland and Ireland) and the
BRIICS (Brazil, the Russian Federation, India, Indonesia,
China, South Africa) saw a drop in this ratio between 2008
and 2009, mostly owing to significant drops in trade in
goods. In many countries it fell below the ratio recorded at
the beginning of the decade.

For Canada, Estonia, Ireland and New Zealand as well as
Indonesia and the Russian Federation, the decline in the
relative importance of trade started before 2008, owing in
part to the expansion and changing structure of their
domestic economies.

In 2009, the average trade-to-GDP ratio of OECD countries
was about 41%, nearly double that of the BRIICS. In part,
this is because the OECD includes many relatively small
economies. Considering the OECD as a single aggregate,
with high weights for Japan and the United States, would
give a ratio closer to 20%, similar to that of the BRIICS.

Despite significant falls in 2009, trade in goods remains
many countries’ principal channel for economic integra-
tion. It represents, on average, three times the value of
trade in services in OECD countries and more than four
times in the BRIICS. However, the crisis had a much smaller
impact on trade in services than in goods; few countries
experienced significant falls in the ratio of trade in services
to GDP.

International trade in services continues to expand.
Countries such as Ireland and India are particularly active
in this area.

Definitions

The trade-to-GDP ratio is frequently used to measure
the importance of international transactions relative
to domestic transactions. This indicator is calculated
for each country as the simple average (i.e. the mean)
of total trade (i.e. the sum of exports and imports of
goods and services) relative to GDP. This ratio is often
called the trade openness ratio, although the term
“openness” may be somewhat misleading, since a low
ratio does not necessarily imply high (tariff or non-
tariff) barriers to foreign trade, but may be due to
factors such as size of the economy and geographic
remoteness from potential trading partners. For the
OECD and the BRIICS the unweighted averages of
countries’ shares of GDP are presented to indicate, for
example, a typical OECD country’s share rather than
an aggregate share heavily influenced by countries
such as the United States and Japan.
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6. Trade openness

Average of exports and imports of goods as a percentage of GDP, 2000, 2008 and 2009
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Source: OECD, National Accounts Database, June 2011; International Monetary Fund, World Economic Outlook and Balance of Payments Databases,
May 2011. See chapter notes.
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Average of exports and imports of services as a percentage of GDP, 2000, 2008 and 2009
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May 2011. See chapter notes.
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Measurability

The aggregate value of international trade in goods and services reflects countries’ integration into the world
economy. Small countries are generally more integrated: their exports tend to be in a limited number of sectors and
they need to import more goods and services than larger countries in order to satisfy domestic demand. Nonetheless,
size is not the only determinant of trade integration. Other factors help to explain differences across countries:
geography, history, culture, trade policy, structure of the economy (in particular the weight of non-tradable services)
and integration in global production chains, where measured trade may include a significant proportion of re-exports
and intra-firm trade linked to the presence of multinational firms.
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7. Import content of exports

Import content of exports, 1995 and 2005
As a percentage of total exports
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The “import content of exports” measure (proposed by
Hummels et al., 2001), provides an indication of the increas-
ing importance of the international fragmentation of
production processes. By linking OECD’s “harmonised”
national input-output tables (which show countries’ inter-
industry transaction patterns) with bilateral trade by
industry statistics, the value of imported intermediate
goods and services subsequently embodied in exports can
be estimated. While this highlights the imports required to
meet the demand for exports, changes in the import
content of exports can also reveal the evolution of domestic
value added due to exporting activities.

Smaller economies tend to have higher shares of imports
embodied in their exports. The availability of a wider variety
of domestically sourced intermediate goods means that
larger countries are less reliant on imports of intermediates,
such as primary goods and parts and components, for their
production of export-oriented goods. Countries with sub-
stantial natural resources such as Australia, Norway, South
Africa and the Russian Federation also have lower shares of
import content of exports, as mining activities require few
intermediate consumption goods to produce their output.
Imported capital goods, such as machinery and equipment,
are excluded from this analysis.

Between1995 and 2005, the share of import content
increased in most of the countries covered — 31 OECD and
the 6 BRIICS (Brazil, the Russian Federation, India, Indonesia,
China, South Africa) — owing to sharp increases in import
penetration rates of many intermediate goods. However,
factor analysis by Meng et al. (2011) suggests that changes in
the composition of goods exported have also driven changes
in import content shares, in particular shifts in exports
from labour- and domestic resource-intensive sectors to
assembly-oriented machinery sectors.

The import content of household final consumption can
also be estimated using a similar methodology. This indica-
tor includes both direct imports and indirect intermediate
imports for final consumption. As for total exports, the
import content share in household consumption increased
between 1995 and 2005 in most countries, reducing the
contribution of domestic value added. In China, India and
Brazil, the share of indirect import content is relatively high
owing to lower import penetration of final goods and
services for household consumption compared to OECD
countries.

Definitions

Import content of exports (vertical specialisation shares)
is measured as the share of total intermediate
imports used in the production of a country’s total
exports. The vertical specialisation aggregate can be
broken down by import-sourcing countries using
bilateral trade statistics on goods and services.
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7. Import content of exports

Import content of household final consumption, 1995 and 2005
As a percentage of total household final consumption
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Measurability

Import content of exports is measured using the domestic input coefficients and import matrices of the OECD’s
harmonised Input-Output Database.

Import content of exports =

uAm (I — Ad)~! Ex
u Ex

where Am and Ad are input coefficient matrices (n sectors by n sectors) of imported and domestic goods and services,
respectively; Ex is the export vector; and u is a (1 by n) vector with all elements equal to 1.

Import content of household final consumption =

u (CPm) +uAm (I— Ad)~* CPd
u (CPd + CPm)

where CPd and CPm are the household consumption vectors of domestic and imported goods and services,
respectively.
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Business R&D intensity adjusted
for industrial structure, 2008

As a percentage of value added in industry
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When comparing total business research and development
(R&D) intensity (R&D expenditure relative to value added or
gross domestic product) across countries it is important to
take into account differences in their industrial structure.
While there is significant variation in R&D intensity within
sectors, some sector-specific patterns make it very difficult
for a country to raise its R&D intensity significantly without
fundamentally changing its industrial structure. An under-
standing of the extent to which structural differences can
account for observed differences in overall business R&D
intensity can be achieved by constructing an indicator that
shows what a country’s total R&D intensity would be if it
had the same industrial structure as the average for OECD
countries.

In Finland, Germany and Korea, adjusted business R&D
intensity would be below the OECD average of 2.5%: these
economies are relatively specialised in high- and medium-
high-technology industries such as information and
communication technology (ICT) or motor vehicles. If
France, Iceland and the Netherlands had an average OECD
industry structure, their business R&D intensity would be
higher. For countries in southern and eastern Europe and
for Mexico, an industry structure closer to the OECD
average would not raise their overall R&D intensity. This
indicates that their business R&D is lower than average
regardless of sectoral specialisation.

High-technology industries in Ireland, Finland, the United
States and Iceland perform more than two-thirds of all
manufacturing R&D, while medium-high-technology
industries account for more than half of manufacturing
R&D in the Czech Republic, Turkey, Germany and Austria.
In Mexico, Australia, Estonia and Portugal, manufacturing
R&D is still mainly concentrated in medium-low- and
low-technology industries.

Many service industries are increasingly knowledge-
intensive and R&D often plays a significant role. In most
OECD countries services account for one-third or more
of business R&D expenditure (BERD), a share that has
increased over the last decade. Cross-country comparisons
of the sectoral distribution of BERD should nonetheless be
made with care owing to differences in how countries allo-
cate R&D to various industries.

Definitions

R&D intensity adjusted for industry structure is a
weighted average of the R&D intensities of a country’s
industrial sectors, using the OECD industrial struc-
ture’s sector value added shares as weights instead of
the actual shares used in the calculation of the unad-
justed measure of R&D intensity. Manufacturing
industries are classified by level of technology (high-,
medium-high-, medium-low- and low-technology
activities) on the basis of average OECD R&D intensity
as revealed by R&D relative to value added and gross
output statistics.
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8. R&D specialisation

Business R&D in the manufacturing sector by technological intensity, 2008
As a percentage of manufacturing business enterprise R&D

% Il High-technology I Medium-high technology 888 Medium-low and low technology

X
2R

obs

ot

X

g0
%
s
%% %
&
LS K
2
%

3
25
bt

&
&
&

0XX

2R
X

9

XS

s
:

ot
et
et
o
XS
2%
225
5%
0%’
b90es
XS
%5
1353
5

e,
XRRS

.
%
X
X
%
s
5%
RS
K8
2535555
K
RS
%
X505
%
o
X
%

%5
&
XX
XXX
B3

X
X

XS

QKRR

25
2
0
%
55
X
%S

%
%
B
B
XS
B
oo
%
B
5

25
XS
%
QRAAAKAK,
QBB
ORI

X

S
R
o
%5
B

ot
10
RRX

i

&
X

o
LRRRRERRRRKS
P3RX
EKRRIRIKKK

QS RERRIIEALL

&
R

%S
ORI
00RRRAA
R RRRRRRRRRRRRRS
NS
RRERKIKKKEE,

%

-
o
T
2
XX

R
K%
o

o3

=
S
T
<
R
0
X
R
B

o
%

0

%

RIS

I FIFIT T T ILTCCLE LI ETESEEE

Source: OECD, ANBERD Database, May 2011. See chapter notes.
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Share of services in business R&D, 1998 and 2008
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Source: ANBERD Database, May 2011. See chapter notes.
Statlink sz=r http://dx.doi.org/10.1787/888932487951

Measurability

Allocating R&D by industry presents a number of challenges. Some countries adopt a “principal activity” approach
whereby a firm’s R&D expenditure is assigned to that firm’s principal industrial activity code. Other countries collect
information on R&D by “product field”, so the R&D is assigned to the industries of final use, allowing reporting
companies to break down expenditures across product fields when more than one applies. Many countries follow a
combination of these approaches, as product breakdowns are often not required in short-form surveys. The Frascati
Manual (2002) recommends following a main activity approach when classifying statistical units, but for firms carrying
out significant R&D for several kinds of activities it recommends subdividing the R&D by units or product fields. This
applies to all industry groups and, at a minimum, to the R&D industry (ISIC Rev. 3 Division 73), although not all
countries follow this method. The ANBERD Database is based on the product field breakdown whenever countries can
provide such information. This may cause comparability problems with countries that only report on the basis of the
main activity.
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Patent documents contain several types of information
(e.g. technical class code, title, abstract, claims, etc.) which
are useful for classifying patents in particular fields and
investigating the emergence and growth patterns of new
technologies. The rise in patent applications filed under
the Patent Cooperation Treaty (PCT) stabilised at an average
rate of 5% in the 2000s. The increase was not evenly distrib-
uted across countries or technological fields. Since 2000,
patenting in the information and communication tech-
nology (ICT) and nanotechnology sectors grew at a similar
pace (respectively 3% and 4%), whereas biotechnology
patenting showed an inverse trend (—4%).

The revealed technological advantage index is based on
patent counts and provides an indication of the relative
specialisation of a given country in selected technological
domains. In 2007-09, the share of ICT-related patents
applied for by Asian countries (China, Korea, Japan and
Singapore) was above the average. China (39%) had the
largest increase in ICT-related PCT filings in the 2000s; this
is reflected in its larger ICT specialisation index in 2007-09
as compared to 1997-99. The ICT specialisation index for
Europe has been decreasing since the late 1990s, with a
significant drop in Germany and the Netherlands.

While the number of biotechnology patents remained fairly
stable during the 2000s, most countries’ relative specialisa-
tion in biotechnology patenting increased. Denmark had
the largest specialisation ratio in biotechnology in 2007-09,
with nearly 15% of Danish patented inventions relating to
biotechnology.

In 2007-09 nanotechnology patenting activity remained
low, and represented only 0.8% of all filings, a share similar
to 1997-99. The revealed technological advantage in nano-
technology was highest in Singapore (2.6), followed by the
Czech Republic (1.6), Ireland (1.5) and the Netherlands (1.5).
In the late 2000s Japan and the United States generated
more than half of PCT filings in nanotechnology, an indica-
tion of their importance in the field.

Definitions

The index of revealed technological advantage is based on
patent applications filed under the Patent Cooperation
Treaty. It is defined as a country’s share of patents in a
particular technology field divided by the country’s
share in all patent fields. The index is equal to zero
when the country holds no patents in a given sector; is
equal to 1 when the country’s share in the sector
equals its share in all fields (no specialisation); and
above 1 when a positive specialisation is observed.
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9. Technology specialisation

A corrigendum has been issued for this page. See: http://www.oecd.org/dataoecd/26/8/48742541.pdf
Revealed technological advantage in biotechnologies, 1997-99 and 2007-09
Index based on patent applications filed under the PCT
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Source: OECD, Patent Database, May 2011. See chapter notes.
Statlink sz http://dx.doi.org/10.1787/888932487989

Revealed technological advantage in nanotechnologies, 1997-99 and 2007-09
Index based on patent applications filed under the PCT
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Source: OECD, Patent Database, May 2011. See chapter notes.
Statlink sz http://dx.doi.org/10.1787/888932488008

Measurability

The information provided by the International Patent Classification (IPC) constitutes a first reference for identifying patents
in a specific domain. One or several IPC codes are attributed to the patent during the examination process. However, for
emerging or enabling technologies, the patent classification system may not have a specific class. The OECD has designed
definitions of ICT and biotechnology patents consisting of a list of IPC classes (www.oecd.org/sti/ipr-statistics). The
definitions, like the technologies, can evolve over time. This has been the case for nanotechnologies: in 2003 the EPO
created a working group (NTWG) to develop a definition of the field that would identify nanotechnology patents through
keyword searches and expert analysis. Patent applications from 15 countries or organisations were analysed and
documents tagged as YOIN.
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Firms’ turnover from e-commerce, 2010
As a percentage of total firm turnover
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Source: OECD, ICT Database, May 2011; and Eurostat, Community Surveys
on ICT Usage in Enterprises, April 2011.
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In 2010, Internet and other e-commerce sales transactions
averaged 13% of total turnover in countries for which data are
available. Ireland, Norway and the Czech Republic reported
the largest shares. In Ireland the share of e-commerce sales is
almost twice the average.

Use of the Internet to sell goods or services varies across
countries. In all OECD countries the share of business-to-
business (B2B) transactions exceeds business-to-consumer
(B2C) transactions. On average, over 35% of all businesses
(with ten or more employees) use the Internet for purchas-
ing and about 18% for selling goods or services.

In Switzerland, New Zealand, Canada, Australia, Norway
and Sweden, over half of all businesses purchase via the
Internet. For sales of goods or services via the Internet, the
leaders are New Zealand, Israel, Norway, Australia and
Switzerland, with approximately one-half to one-third of
all businesses doing so.

Security concerns remain an important impediment to
e-commerce. The growth of broadband has created a
greater need for users to protect their security and privacy
actively in the online environment. Both individual users
and businesses report that computer viruses are the
“malware” they encounter the most.

The Slovak Republic, Hungary, Italy and Estonia reported
the largest shares of Internet users encountering viruses.
For businesses, incidents include: destruction or corruption
of data due to hardware or software failures and unavail-
ability of information and communication technology (ICT)
services following attacks from outside, e.g. denial of
service attack; destruction or corruption of data due to
infection or malicious software or unauthorised access;
and disclosure of confidential data due to intrusion or
phishing. The countries reporting the most incidents were
Japan, Portugal, Greece, Denmark and Finland.

Definitions

In 2009, OECD member countries reviewed the OECD
definition of e-commerce, which dated from 2001.

The 2009 OECD definition of e-commerce is: “An e-com-
merce transaction is the sale or purchase of goods or
services, conducted over computer networks by
methods specifically designed for the purpose of
receiving or placing of orders. The goods or services
are ordered by those methods, but the payment and
the ultimate delivery of the goods or services do not
have to be conducted online. An e-commerce tran-
saction can be between enterprises, households,
individuals, governments, and other public or private
organisations. To be included are orders made over
the web, extranet or electronic data interchange. The
type is defined by the method of placing the order. To
be excluded are orders made by telephone calls,
facsimile or manually typed e-mail.”
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10. E-commerce uptake

Internet selling and purchasing for total industry, 2010
Percentage of businesses with ten or more employees
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Source: OECD, ICT Database, May 2011; and Eurostat, Community Survey on ICT Usage in Enterprises, April 2011. See chapter notes.
Statlink sz= http://dx.doi.org/10.1787/888932488046

Businesses and individuals experiencing ICT security incidents, 2010
Percentage of businesses with ten or more employees and percentage of Internet users
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Source: OECD, ICT Database, May 2011; and Eurostat, Community Survey on ICT Usage in Enterprises and Survey on ICT Usage in Households and by
Individuals, April 2011. See chapter notes.
Statlink sz http://dx.doi.org/10.1787/888932488065

Measurability

While Internet security is a challenging area to measure, differences among countries can highlight progress in
working towards a culture of security. An important statistical challenge in terms of measurement is the fact that
questions about security incidents encountered are problematic. There is significant anecdotal evidence that
businesses will either not answer such questions or will understate the extent of any problems.
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11, Paténtlng firms

Patenting activity by sector, 2007-09
As a percentage of patents filed by firms, at the EPO and USPTO
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Database, EPO, April 2011; and ORBIS© Database, Bureau van Dijk
Electronic Publishing, December 2010; matched using algorithms in the
Imalinker system developed for the OECD by IDENER, Seville, 2011.
See chapter notes.
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Applicants in patent documents can be enterprises, organ-
isations or persons. Business registers include information
on enterprises and their main characteristics. By matching
patent applicants’ names to enterprise names in business
registers the patenting behaviour of firms can be linked to
firm characteristics such as industrial sector, age and size.
Matched patent and firm data can also review industries’
contribution to the development of key technologies, such
as biotechnology and information and communication
technology (ICT).

Statistics obtained by matching patent and enterprise data
show that firms in high- and medium-high-technology
manufacturing sectors perform on average 56% of all pat-
enting. Exceptions are Ireland, Poland and the United King-
dom, where more than 50% of patents come from firms in
the business services sector. Medium-low-technology
manufacturing firms seldom contribute more than 10% of
patent filings.

Matched enterprise and patent data also reveal the broad
industrial basis of key enabling technologies. Chemical
firms contribute to the advancement of pharmaceuticals
and biotechnologies, and to a lesser extent to nanotechnol-
ogies. Not surprisingly, research and development service
providers are essential to these fields, as are institutions
such as universities. New ICT-related technologies are
concentrated in a set of computer and communications
industries, while environmental technologies are shaped
by the patenting activity of specialised machinery manu-
facturers and certain technical and engineering service
activities.

The presence of young firms among patent applicants
underlines the inventive dynamics of firms early in their
development and their desire to develop new activities
and products; this may affect their survival and growth.
During 2007-09 firms less than five years old filing at least
one patent application represented on average 25% of all
patenting firms, and generated 10% of patent applications.
The share of young patenting firms varies considerably
across countries, led by Ireland (42%) and followed by the
Nordic economies.

Definitions

Patenting firms were linked to the ORBIS© database
using combinations of string matching algorithms that
optimise the precision of the match. The patent port-
folio of firms refers to patents filed at the European
Patent Office (EPO) and at the US Patent and Trademark
Office (USPTO) between 2007 and 2009. The industry
list is based on ISIC Rev. 3. Young patenting firms
are those with an incorporation date in ORBIS©
between 2004 and 20009.
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11. Patenting firms

Top three industries patenting in selected technology fields, 2007-09
Share of industries’ contribution to patent applications in selected technology fields, EPO and USPTO patents
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Source: OECD, calculations based on the Worldwide Patent Statistical Database, EPO, April 2011; and ORBIS® Database, Bureau van Dijk Electronic
Publishing, December 2010; matched using algorithms in the Imalinker system developed for the OECD by IDENER, Seville, 2011. See chapter notes.
Statlink sz=m http://dx.doi.org/10.1787/888932488103

Patenting activity of young firms, 2007-09
Share of young patenting firms and share of patents filed by young patenting firms, EPO and USPTO
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Source: OECD, calculations based on the Worldwide Patent Statistical Database, EPO, April 2011; and ORBIS® Database, Bureau van Dijk Electronic
Publishing, December 2010; matched using algorithms in the Imalinker system developed for the OECD by IDENER, Seville, 2011. See chapter notes.
Statlink sz http://dx.doi.org/10.1787/888932488122

Measurability

Linking patent data to enterprise data requires harmonising firms’ names. This is done using country-specific
“dictionaries” covering legal entities, common names and expressions, as well as phonetic and linguistic rules that may
affect how enterprise names are written. String matching algorithms — mainly token-based and string-metric-based
- then use this information to compare the names in the different datasets and provide a matching accuracy score. Using
software developed for OECD by IDENER, Seville, 68 million patents in EPO’s Worldwide Patent Statistical Database
(PATSTAT) and 80 million companies in Bureau van Dijk’s ORBIS® firm data were matched for enterprises worldwide.
Ideally, the matching should be performed on official data such as national business registers, as ORBIS’s firm coverage
is not exhaustive and differs across countries — in particular small firms are underrepresented. To partially address this
and other selection and data consistency issues, the analysis is restricted to countries with matching rates above 60% of
patent filings over the period considered.
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Innovation intensity in sectors, 2002-06
Aggregate rank based on combined CIS 2004 and CIS 2006 results
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A classification based on innovation can complement the
established and widely used technology classification that
is based on industry R&D intensities. By considering the
more general scope of innovation it draws on sectors,
particularly services, that do not undertake relatively high
levels of formal R&D. Innovation surveys capture a broad
range of innovation activities from product and process to
marketing and organisational innovations and account for
both innovation inputs and outputs.

The experimental methodology presented here uses
results from Eurostat’s Community Innovation Survey
(CIS), for the periods 2002-04 (CIS4) and 2004-06 (CIS6), to
identify “innovation-intensive sectors”. NACE Rev. 1 (ISIC
Rev. 3) 2-digit industry divisions are ranked according to
the innovative performance resulting from combined CIS
scores of firms within each industry. Sectors that perform
high levels of formal R&D do not necessarily rank high
when broader innovation inputs are considered. For
example, “Manufacturing of transport equipment” (Division 35)
is relatively R&D-intensive but only just features in the top
20 innovation ranking. Meanwhile, like many services,
“Computer and related activities” (Division 72) has a low R&D
intensity but ranks highly for innovation intensity —
reflecting its role as a source of non-technological innova-
tion.

According to this preliminary classification and available
data, innovation-intensive manufacturing sectors seem to
account for about 25% of manufacturing value added, on
average. Innovation-intensive services account for a
similar share of total “market” services value added, for the
countries shown, mainly owing to telecommunications,
financial and computing services.

Definition

Innovation-intensive sectors are defined on the basis of a
combined CIS score. To this end, a number of CIS vari-
ables are grouped into four main categories that are
homogenous with respect to the information
provided and the innovation-related feature
addressed, namely: product and process innovations,
organisation and market innovations, intellectual
property rights and innovation-related expenditures.
Some of these variables are dichotomous (i.e. yes/no
answers), whereas the expenditure questions are
considered as a continuous variable. Sectoral “perfor-
mance” of the dichotomous variables is calculated as
the share of firms answering “yes” to the total num-
ber of respondents to that question. In the case of the
continuous variable, sectors are ranked on the basis
of average expenditures.
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12. Innovative sectors

Value added of innovation-intensive manufacturing sectors, 2008
As a percentage of total manufacturing value added
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Source: OECD, Structural Analysis (STAN) Database, June 2011. See chapter notes.
Statlink sz http://dx.doi.org/10.1787/888932488160

Value added of innovation-intensive service sectors, 2008
As a percentage of “market” services value added

Il 64: Post and telecommunications [ 72: Computer and related activities
2&%  65: Financial intermediation (except insurance and pension funding) 73: Research and development

0 / . i i
% 777, 66: Insurance and pension fundin
50
s
40T
35 EEEEEE 77
30 | &% QXK
sl B Z 4

&2 X 7 .
2wl B B 8 & 7 % & w % % w w

5 SRR X SR 358 -~ 02 5 8 W/ 777>

R R L XX &R oo LR XX KKK X3 &8 R R o R &6 s oo (7774 s55555%
15 & B2 & 8 R s & R &K R &KL &K R X B8 &K X B XX
10 | &8 2 K KBS OR R 2 B RO R OB OB KR

XXX2 %%4%% 5

5 -
0

\x v N N > N & S N NS Q & & A & N ) N\ >

S R I A SO S -

& &
S\

Source: OECD Structural Analysis Database (STAN), June 2011. See chapter notes.
Statlink sz=m http://dx.doi.org/10.1787/888932488179

Measurability

The most innovative sectors are identified by means of a distribution-based approach which only considers the sectors
performing above the mean in all four innovation dimensions. Sectors are then assigned a score proportional to their
position, with top performers assigned 20 points. The others receive a progressively lower score and the last ranked sec-
tor in the upper part of the distribution has one point. The scores are then aggregated to produce an overall ranking.
Sectoral estimates rely on unweighted statistics (data are not adjusted for the representativeness of the respondent firm)
and company data aggregated at the most detailed NACE Rev. 1 level enabled by national sampling designs and Euro-
stat’s data disclosure rules. Sectoral coverage varies across countries and tabulations may rely on a subset of countries
and not be fully representative. Rankings rely on the same set of variables in CIS4 and CIS6 to ensure consistency and
comparability over time. In this type of exercise, cut-off points for the top innovative sectors may sometimes not be clear.
For example, the top ten sectors in this preliminary selection do not include Sector 30 (Manufacture of computing and office
equipment), which is 11th in the ranking and thus could arguably be included in the innovation intensive group.
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13. Teghl:lology peformance: q

Patent quality index by country, 1990-2000 and 2000-10

Composite index based on patents granted by the EPO

I Average 2000-10
< Median 2000-10

[ Average 1990-2000
A Median 1990-2000

Patent quality indicators try to capture both the technologi-
cal and the economic value of innovations, and are typically
based on patent citations, claims, patent renewals and
patent family size. They are considered meaningful mea-
sures of research productivity and are found to be correlated
with the social and private value of the patented inventions.

ZAF & A\ 0.3
The difference in average patent quality across firms is
IRL L2 A 07 generally associated with the market evaluation of firms.
LUX * A 05 A new composite index suggests that patent quality has
declined steadily in the last decade. It shows an average 20%
GBR © = LU decline between the two periods considered. Comparisons
NOR * A 10 of the differences between median and mean values indi-
cate reduced quality dispersion in recent years, i.e. there are
CAN % A 3.7 in general smaller differences between patents of different
ISR . A 19 quality levels. The difference in average patent quality
between top and bottom ranking countries has also
DNK & = 25 decreased over time, passing from 15% in the 1990s to about
AUT & 2 37 9% in the 2000s. A selection effect — the tendency to file
relatively high-quality patents abroad - may explain the
FRA * A 22.3 higher average scores of some non-European countries for
CHE o X . patents filed at the European Patent Office (EPO).
Renewable energy technologies, nanotechnologies and
ITA © = 1 information technology methods exhibit the highest
KOR o N 44 patent quality index during 2000-10, although statistics
rely on small samples for these sectors. Differences
BEL % = 2.8 between top performers and average sector quality levels
USA * A 59.6 may be indicative of competitive advantages. Sectors
generally believed to be highly innovative and known to
FIN * A 3.9 rely more on basic science, e.g. biotechnology and pharma-
EU27 & A 146.6 ceuticals, show on average relatively lower patent quality.
OECD & A 275.3
WLD & A 281.2
DEU 5 X 696 Definitions
NLD * A 104 The patent quality index is a composite indicator based
on six dimensions of patents’ underlying quality: for-
AUS © = 12 ward citations (number of citations a patent receives);
JPN S A 485 backward citations (number of patents and scientific
papers a patent cites); patent family size, i.e. the num-
ESP < A 2.0 ber of countries in which the patent is taken; number
SWE 7y A 74 of claims; generality index, measuring the dispersion
of citing patents over technology classes; and grant
BRA & 0.3 lag. The index does not use weights. All components
CHN . Number of patents o are normalised and given equal importance. Data
granted, thousands, refer to EPO patents granted for which the application
IND : & ‘ 2000-05 06 document was published during 1990-95 and 2000-05.
0 01 0.2 0.3 Forward citations are counted up to five years after
Index the publication date. This means considering citation

lengths of 6.5 years, as publication normally occurs
18 months after the patent filing date. Self-citations
are not controlled for. Technology fields are defined
according to Schmoch’s classification (WIPO, 2010)
and rely on the International Patent Classification
(IPC) codes contained in the patent document.

Source: OECD, calculations based on the Worldwide Patent Statistical
Database, EPO, April 2011. See chapter notes.
Statlink sz=7 http://dx.doi.org/10.1787/888932488198
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13. Technology performance: quality

Patent quality index by technology field, 2000-10
Composite index based on patents granted by the EPO
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Source: OECD, calculations based on the Worldwide Patent Statistical Database, EPO, April 2011. See chapter notes.
Statlink sz=7 http://dx.doi.org/10.1787/888932488217

Measurability

Patent cohorts are stratified by year and sector. All six components of the patent quality index are normalised on the
basis of the cohort’s maximum values. For each patent, the grant lag indicator is calculated as follows: 1 — [At/max(At)],
where At is the number of days between application and granting date; and max(At) is the maximum number of days
it has taken any patent belonging to the same cohort to be granted. The patent quality indicator is bounded between
0 (notincluded) and 1 (maximum value). Zone aggregates are based on weighted averages over the periods considered.
The patent quality indicator is an experimental index of the OECD and may be subject to further refinement. It builds
on Lanjouw and Shankerman (2004) and incorporates the generality measure proposed by Hall and Trajtenberg (2004),
and a measure accounting for the length of the examination process (Régibeau and Rockett, 2010). Using different data
sources, e.g. US Patent and Trademark Office or Japan Patent Office, different methodologies or observation periods
may affect patents’ scores, countries’ rank and sectors’ positions.
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Generality of patent applications, 1996-2000 and 2001-05
Average index based on patent applications to the EPO
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Index

A number of indicators use information on the technologi-
cal fields of patents based on the International Patent Clas-
sification (IPC) system and on the forward citations
(citations a patent receives) and backward citations
(patents and scientific papers a patent cites).

The “generality index” captures the range of 4-digit IPC
technology classes covered by citing patents: the wider the
range, the higher the index for the cited patent. Patents
associated with a high generality index are relevant to later
inventions spanning in several technology areas.
Conversely, low index values mean that the citations
received are concentrated in a few fields and reflect the
technological specialisation of the cited patent.

The index of patent “scope” measures the breadth of the
patented invention by counting the number of technology
classes assigned to each patent during the patent examina-
tion. The larger the number of distinct 4-digit IPC classes, the
broader the “scope” index. Finally, a third indicator aims to
identify breakthrough inventions, defined as the top 1% of
cited patents in each technology field for a given year’s cohort.

On average, patent generality differs across countries and has
decreased over time in OECD and BRIICS economies (Brazil,
the Russian Federation, India, Indonesia, China, South Africa)
by almost 30% and 40%, respectively. In both periods consid-
ered, the highest values are more than twice the lowest
values. There are also differences among top values: for
instance, for patent applications published in 2001-05, Japan
and Korea have 46% and 30% higher generality index values,
respectively, than the third country, Switzerland.

The “scope” index varies much less and differences across
countries are smaller. Except in a few countries, there is a
general but moderate increase in patent scope over time.

Many countries generate breakthrough inventions. In both
periods considered, the United States, Japan and Germany
have a significant proportion of highly cited patents (about
70% in 1996-2000 and 60% in 2001-05). In recent years China
and India have emerged and Korea has gained in importance.

Definitions

The generality index follows Hall and Trajtenberg

(2004):

Generality = G; =1- Sij
J

where s; is the percentage of citations received by

patent i belonging to patent class j out of n; patent

classes.

The scope index is based on Lerner (1994) and is the
number of international patent classes to which a
European Patent Office (EPO) patent is assigned.
Breakthrough inventions are defined following Ahuja
and Lampert (2001) as the top 1% of cited patents in
each field and year. Technology fields are defined
according to Schmoch’s classification (WIPO, 2010)
and rely on the International Patent Classification
codes in the patent document.
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14. Technology performance: impact

Patent scope by country, 1996-2000 and 2001-05
Average number of IPC classes per patent application to the EPO
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Source: OECD, calculations based on the Worldwide Patent Statistical Database, EPO, April 2011. See chapter notes.
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Highly cited patent applications to the EPO (top 1%), 1996-2000 and 2001-05
As a share of all EPO patent applications in the top 1% in their field
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Measurability

The generality index is based on the Hirschman-Herfindahl Index (HHI) and relies on information concerning the
number and distribution of citations received and the IPC classes of the patents these citations come from. Highly
cited patents are computed by grouping all published applications by technology fields and year of publication.
Applications belonging to more than one field are assigned to the field of the majority of its 4-digit IPC subclasses.
Within each year’s cohort, applications are weighted by the number of citations received up to five years after
publication. The top 1% of patent applications are considered highly cited. For all three indicators, the values displayed
are calculated as averages (shares in the case of breakthrough inventions) of the inventor’s country and are based on
all applications published in the period.
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Cyprus

The following note is included at the request of Turkey:

“The information in this document with reference to ‘Cyprus’ relates to the southern part of the Island. There is no single
authority representing both Turkish and Greek Cypriot people on the Island. Turkey recognises the Turkish Republic of
Northern Cyprus (TRNC). Until a lasting and equitable solution is found within the context of the United Nations, Turkey

’”

shall preserve its position concerning the ‘Cyprus issue’.

The following note is included at the request of all the European Union member states of the OECD and the
European Commission:

“The Republic of Cyprus is recognised by all members of the United Nations with the exception of Turkey. The information
in this document relates to the area under the effective control of the Government of the Republic of Cyprus.”
Israel

“The statistical data for Israel are supplied by and under the responsibility of the relevant Israeli authorities. The use
of such data by the OECD is without prejudice to the status of the Golan Heights, East Jerusalem and Israeli
settlements in the West Bank under the terms of international law.”

“It should be noted that statistical data on Israeli patents and trademarks are supplied by the patent and trademark
offices of the relevant countries.”

Employment in services, 2009

“Market sector services” is defined according to ISIC Rev. 3 Divisions 50-74.

“Public sector services” is defined according to ISIC Rev. 3 Divisions 75-95, i.e. Government (75), Education (80),
Health (85), Other community, social and personal services (90-93) and Private households (95).

“Industry” is defined according to ISIC Rev. 3 Divisions 10-41, i.e. Mining (10-14), Manufacturing (15-37) and
Utilities (40-41).
Using an industry based definition, the distinction between market and public services is an approximate one.

In OECD countries private education and health services are available to varying degrees while some transport
and postal services remain in the public realm.

Iceland and Turkey: Labour Force Survey (LFS) data by industry are used in the absence of employment by activity
statistics published in a National Accounts (SNA) context.

New Zealand: based on employment estimates for fiscal years 2008-09 and 2009-10.

Employment in knowledge-intensive “market” services, 2008

Knowledge-intensive “market services” refers to Post and telecommunications (ISIC Rev. 3 Division 64), Finance
and insurance (Divisions 65-67) and Business activities (Divisions 71-74).

Employment in high- and medium-high technology manufacturing industries, 2008

High- and medium-high technology manufacturing is defined as Chemicals and chemical products (ISIC Rev. 3
Division 24); Manufacture of machinery and equipment, n.e.c. (Division 29); Electrical and optical equipment
(Division 30-33); and Transport equipment (34-35).

Services-related occupations in manufacturing, 2000 and 2008

Services-related occupations correspond to ISCO-88 major groups: 1. “Legislators, senior officials and managers”;
2. “Professionals”; 3. “Technicians and associate professionals”, 4. “Clerks”; and 5. “Service workers and shop and
market sales workers”.

Manufacturing refers to ISIC Rev. 3 (NACE Rev. 1) divisions 15 to 37.
For Australia, manufacturing does not include publishing of recorded media.
For Japan, estimations include the self-employed.
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Micro firms, 2007

Micro firms have between 1 and 9 employees.
The statistical unit for all countries is enterprise except for Japan, Korea and Mexico which refer to establishments.

Data cover the market economy (excluding financial intermediation) except for Brazil, Ireland, Israel, Japan,
Korea, Luxembourg, and the Slovak Republic where data refer to manufacturing sectors only.

Value added by size class, 2007

The statistical unit for all countries is enterprise except for Japan, Korea and Mexico which refer to establishments.

Data cover the market economy (excluding financial intermediation) except for Brazil, Hungary, Ireland, Israel,
Japan, Korea, Luxembourg and the Slovak Republic where data refer to manufacturing sectors only.

High-growth firms (based on growth in employment), 2007

As measured by employment, high-growth enterprises have an average annualised growth in employees greater than
20% a year, over a three-year period, and with ten or more employees at the beginning of the observation period.

Industrial specialisation, 1998 and 2008

The HK index is specified as:

where s; is the relative output of the ith sector, N the total number of sectors in an economy, and 6 measures the
extent to which the index is influenced by large sectors. The HK(2) is calculated for a value of 6 (theta) equal to 2,
value for which it corresponds to the inverse of the Herfindahl Index.

The index is constructed using the OECD STAN Structural Analysis Database. The sectors considered cover the
following ISIC Rev. 3 Divisions: 01-05 (Agriculture), 10-14 (Mining and quarrying), 15-16 (Food products, beverages
and tobacco), 17-19 (Textiles, textile products, leather and footwear), 20 (Wood and products of wood and cork),
21-22 (Pulp, paper, paper products, printing and publishing), 23-25 (Chemical, rubber, plastics and fuel products),
26 (Manufacture of other non metallic mineral products), 27-28 (Basic metals and fabricated metal products),
29 (Manufacture of machinery and equipment, n.e.c.), 30-33 (Electrical and optical equipment), 34-35 (Transport
equipment), 36-37 (Manufacturing, n.e.c.), 40-41 (Electricity, gas and water supply), 45 (Construction),
50-52 (Wholesale and retail trade; repair of motor vehicles, motorcycles and personal and household goods),
55 (Hotels and restaurants), 60-64 (Transport, storage and communications), 65-67 (Financial intermediation),
71-74 (Renting of machinery and equipment and other business activities).

Value added of the top four industries, 2008

The sector Concentration Ratio index shown is the analogous to the K-firm concentration ratio and is defined as
the cumulative share of the Kth sector, where s; is the relative output of the ith sector. CR(4) is calculated for a

value of K equal to 4.
K
CRK = Z S;
i=1

The index is constructed using the OECD STAN Structural Analysis database. The sectors considered cover the
following ISIC Rev. 3 Divisions: 01-05 (Agriculture), 10-14 (Mining and quarrying), 15-16 (Food products, beverages
and tobacco), 17-19 (Textiles, textile products, leather and footwear), 20 (Wood and products of wood and cork),
21-22 (Pulp, paper, paper products, printing and publishing), 23-25 (Chemical, rubber, plastics and fuel products),
26 (Manufacture of other non-metallic mineral products), 27-28 (Basic metals and fabricated metal products),
29 (Manufacture of machinery and equipment, n.e.c.), 30-33 (Electrical and optical equipment), 34-35 (Transport
equipment), 36-37 (Manufacturing, n.e.c.), 40-41 (Electricity, gas and water supply), 45 (Construction),
50-52 (Wholesale and retail trade; repair of motor vehicles, motorcycles and personal and household goods),
55 (Hotels and restaurants), 60-64 (Transport, storage and communications), 65-67 (Financial intermediation),
71-74 (Renting of machinery and equipment and other business activities).

The denominator “total value added” excludes “Real estate activities” (ISIC Rev. 3 Division 70) and “Community,
social and personal services” (Divisions 75-99).
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Value added of the top four industries, G7, 1980-2009

Data for Germany prior to 1991 are for western Germany only.

The denominator “total value added” excludes “Real estate activities” (ISIC Rev. 3 Division 70) and “Community,
social and personal services” (Divisions 75-99).

Distribution of foreign-controlled employment by broad sectors, 2008
Financial intermediation excluded completely or in part for all countries except Austria, the Czech Republic,
Denmark, Finland, Italy, Sweden, Switzerland and the United States.

Community, social and personal services excluded for Austria, Denmark, France, Germany, Hungary, Israel, Italy,
the Netherlands, Norway, Poland, Portugal, the Slovak Republic, Slovenia and Spain.

For Switzerland, manufacturing includes other sectors.

Share of national employment under control by foreign affiliates, 2000 and 2008

Financial intermediation excluded completely or in part for all countries except Austria, the Czech Republic,
Denmark, Finland, Italy, Sweden, Switzerland and the United States.

Community, social and personal services excluded for Austria, France, Germany, Hungary, Israel, Italy, the
Netherlands, Norway, Poland, Portugal, the Slovak Republic, Slovenia and Spain.

Share of national value added under control by foreign affiliates, 2000 and 2008

Financial intermediation excluded completely or in part for all countries except Austria, the Czech Republic and
the United States.

Community, social and personal services excluded for Austria, France, Germany, Hungary, Israel, Italy, the
Netherlands, Norway, Poland, Portugal, the Slovak Republic, Slovenia and Spain.

Average of total exports and imports as a percentage of GDP, 2000, 2008 and 2009

OECD and BRIICS refer to the simple averages (un-weighted means) of the countries’ shares of GDP.
OECD excludes Luxembourg.

Average of exports and imports of goods as a percentage of GDP, 2000, 2008 and 2009

OECD and BRIICS refer to the simple averages (un-weighted means) of the countries’ shares of GDP.
OECD excludes Luxembourg.

Average of exports and imports of services as a percentage of GDP, 2000, 2008 and 2009

OECD and BRIICS refer to the simple averages (un-weighted means) of the countries’ shares of GDP
OECD excludes Luxembourg.

Import content of exports, 1995 and 2005
Data refer to fiscal years 1994/95 and 2004/05 for Australia; fiscal years 1993/94 and 2006/07 for India; 1996
and 2002 for Turkey.

Data refer to 2004 (instead of 2005) for Israel; Ireland, Slovenia and South Africa: data refer to 1998, 1996
and 1993, respectively (instead of 1995).

Import content of household final consumption, 1995 and 2005

Data refer to fiscal years 1994/95 and 2004/05 for Australia; fiscal years 1993/94 and 2006/07 for India;
1996 and 2002 for Turkey.

Data refer to 2004 (instead of 2005) for Israel; Ireland, Slovenia and South Africa: data refer to 1998, 1996
and 1993, respectively (instead of 1995).
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Business R&D intensity adjusted for industrial structure, 2008

The structure-adjusted indicator of R&D intensity is a weighted average of the R&D intensities of a country’s
industrial sectors, using the OECD industrial structure — sector value added shares in 2007 — as weights instead
of a country’s actual shares (which are used in the calculation of the unadjusted measure of BERD intensity).

BERD data are from 2009 for the Czech Republic, Estonia and Italy. 2007 for Austria, Belgium, Finland, France,
Germany, Greece, Mexico, Norway, Sweden, the United Kingdom and the United States. 2006 for Denmark, the
Netherlands and Poland. 2005 for Australia, Canada, Iceland and Ireland.

R&D series are presented as a percentage of value added in industry estimated as the value added in all activities
excluding “Real estate activities” (ISIC Rev. 3 70), “Public administrations and defence” (ISIC Rev. 3 75),
“Education” (ISIC Rev. 3 80), “Health and social work” (ISIC Rev. 3 85) and “Private households with employed
persons” (ISIC Rev. 3 95).

Business R&D in the manufacturing sector by technological intensity, 2008

Technology groupings give a broad sense of the relative specialisation of countries in terms of business R&D, but
do not take into account the fact that in some countries the technology intensity of a given industry may be
significantly different from that of the OECD average. Further details on the technology classification are
available at: http://oecd.org/dataocecd/43/41/48350231.pdf.

2010 data for Italy. 2009 data for the Czech Republic, Estonia and Japan. 2007 data for Austria, Belgium, Canada,
Finland, France, Germany, Greece, Mexico, Sweden and the United States. 2006 data for the Netherlands and
Poland. 2005 data for Iceland and Ireland.

Share of services in business R&D, 1998 and 2008

For the Slovak Republic, estimates are also based on additional national sources in order to allocate the R&D by
firms engaged primarily in R&D (registered in ISIC 73 in ANBERD) to industry served. For this country, the
redistribution of ISIC 73 by industry served was not directly implemented in ANBERD because the breakdown is
not available at a detailed sector level.

Revealed technological advantage in ICT, 1997-99 and 2007-09

Data relate to patent applications filed under the Patent Cooperation Treaty (PCT), at international phase,
published by the WIPO. Patent counts are based on the priority date, the inventor’s country of residence and
fractional counts.

The revealed technological advantage index is calculated as the share of country in ICT-related patents relative
to the share of country in total patents. Only countries with more than 500 patents in 2007-09 are included in the
figure.

BRIICS refers to Brazil, the Russian Federation, India, Indonesia, China and South Africa.

Revealed technological advantage in biotechnologies, 1997-99 and 2007-09

Data relate to patent applications filed under the Patent Cooperation Treaty (PCT), at international phase,
published by the WIPO. Patent counts are based on the priority date, the inventor’s country of residence and
fractional counts.

The revealed technological advantage index is calculated as the share of country in biotechnology patents
relative to the share of country in total patents. Only countries with more than 500 patents in 2007-09 are
included in the figure.

BRIICS refers to Brazil, the Russian Federation, India, Indonesia, China and South Africa.

Revealed technological advantage in nanotechnologies, 1997-99 and 2007-09

Data relate to patent applications filed under the Patent Cooperation Treaty (PCT), at international phase,
published by the WIPO. Patent counts are based on the priority date, the inventor’s country of residence and
fractional counts.

The revealed technological advantage index is calculated as the share of country in nanotechnology patents
relative to the share of country in total patents. Only countries with more than 500 patents in 2007-09 are
included in the figure.

BRIICS refers to Brazil, the Russian Federation, India, Indonesia, China and South Africa.
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Internet selling and purchasing for total industry, 2010

The definition of Internet selling and purchasing varies between countries, with some explicitly including orders
placed by conventional e-mail (e.g. Australia and Canada) and others explicitly excluding such orders
(e.g. Ireland, the United Kingdom and some other European countries). Most countries explicitly use the OECD
concept of Internet commerce, that is, goods or services are ordered over the Internet but payment and/or
delivery may be off line.

For Australia, Internet income results from orders received via the Internet or the web for goods or services,
where an order is a commitment to purchase.

For Japan, businesses with 100 or more employees.
For Mexico, businesses with 50 or more employees.
For New Zealand, businesses with 6 or more employees and with a turnover greater than NZD 30 000.

For Switzerland, businesses with 5 or more employees and connections equal to or faster than 144 kbits per
second (mobile and fix).

Businesses and individuals experiencing ICT security incidents, 2010

For businesses, ICT related incidents can include: destruction or corruption of data due to hardware or software
failures, unavailability of ICT services due to attacks from outside, e.g. denial of service attack, destruction or
corruption of data due to infection or malicious software or unauthorised access, or disclosure of confidential
data due to intrusion, pharming, phishing attacks.

For Japan, Mexico, Korea: just incidents involving virus’ , trojans or worms.

For New Zealand, Internet users having been victim of fraudulent activity which has resulted in some loss
(e.g. money).

Patenting activity by sector, 2007-09

Patenting firms were linked to the ORBIS© database, using combinations of string matching algorithm that
maximise the precision of the match. The patent portfolio of firms refers to patents applied at the European
Patent Office (EPO) and at the US Patent and Trademark Office (USPTO) between 2007 and 2009. Only countries
with matching rates above 60% of patent filings over the period considered are shown.

The list of industries follows the ISIC, Rev. 3. High and medium-high technology manufactures cover Sectors 24,
29-35 less 351; medium-low technology manufactures include 23, 25-28, 351; and business sector
services - excluding real estate - refer to 50-67, 71-74.

Top three industries patenting in selected technology fields, 2007-09

Patenting firms were linked to the ORBIS© database, using combinations of string matching algorithm that
maximise the precision of the match. The patent portfolio of firms refers to patents applied at the European
Patent Office (EPO) and at the US Patent and Trademark Office (USPTO) between 2007 and 2009. Only countries
with matching rates above 60% of patent filings over the period considered are included.

The list of industries follows the ISIC, Rev. 3.

Patents in biotechnologies and health- and ICT-related technologies are based on a selection of International
Patent Classification (IPC) classes.

Patents in environment-related technologies are defined using combinations of IPC classes (for EPO and USPTO)
and codes Y02 of the European Classification (ECLA) for EPO only.

Patents in nanotechnologies are identified by the ECLA Code YO01.

Patenting activity of young firms, 2007-09

Patenting firms were linked to the ORBIS© database, using combinations of string matching algorithm that
maximise the precision of the match. The patent portfolio of firms refers to patents applied at the European
Patent Office (EPO) and at the US Patent and Trademark Office (USPTO) between 2007 and 2009. Only countries
with matching rates above 60% of patent filings over the period considered are shown.

Young patenting firms are firms featuring an incorporation date in ORBIS®© between 2004 and 2009.
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Innovation intensity in sectors, 2002-06

Industries are defined according to 2-digit ISIC Rev. 3 (NACE Rev. 1) divisions:
¢ 73 Research and development.

¢ 24 Chemicals and chemical products.

¢ 66 Insurance and pension funding, except compulsory social security.
¢ 23 Coke, refined petroleum products and nuclear fuel.

¢ 32 Radio, television and communication equipment.

¢ 65 Financial intermediation except insurance and pension funding.

e 72 Computer and related activities.

¢ 33 Medical, precision and optical instruments, watches and clocks.

¢ 34 Motor vehicles, trailers and semi-trailers.

* 64 Post and telecommunications.

¢ 30 Office, accounting and computing machinery.

e 01 Agriculture, hunting and related service activities.

¢ 80 Education.

¢ 16 Tobacco products.

¢ 31 Electrical machinery and apparatus, n.e.c.

* 02 Forestry, logging and related service activities

¢ 11 Extraction of crude petroleum and natural gas; service activities incidental to oil and gas extraction surveying.
¢ 29 Manufacture of machinery and equipment, n.e.c.

¢ 91 Membership organisations, n.e.c.

¢ 35 Other transport equipment.

Industry R&D intensity defined as R&D expenditure as a percentage of value added.

Value added of innovation-intensive manufacturing sectors, 2008

Industries are defined according to 2-digit ISIC Rev. 3 (NACE Rev. 1) classes.

Value added of innovation-intensive service sectors, 2008

Industries are defined according to 2-digit ISIC Rev. 3 (NACE Rev. 1) classes.
“Market” services are defined as ISIC Rev. 3 Divisions 50-74 excluding 70 (real estate).

Patent quality index by country, 1990-2000 and 2000-10

The Patent Quality Index is a composite index based on a set of normalised indicators (backward and forward
citations, family size, number of claims, grant lag and patent generality), ranging from 0 to 1 (maximum quality).
The data refers to patents granted by the European Patent Office (EPO) up to 2010, by applicant’s residence
country and filing date. Only countries with more than 250 granted patents are included in the figure.

BRIICS refers to Brazil, the Russian Federation, India, Indonesia, China and South Africa.

Patent quality index by technology field, 2000-10

The Patent Quality Index is a composite index based on a set of normalised indicators (backward and forward
citations, family size, number of claims, grant lag and patent generality), ranging from 0 to 1 (maximum quality).
The data refers to patents granted by the European Patent Office (EPO) up to 2010, by applicant’s residence
country and filing date. Patents are allocated to technology fields using International Patent Classification (IPC)
codes following the classification presented in Schmoch (2008). Only countries with more than 50 granted
patents per field over the period are included in the figure. The threshold is lower to 10 granted patents for solar
energy, micro-structural and nano-technology, wind energy technology and IT methods for management.
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Generality of patent applications, 1996-2000 and 2001-05

The generality index measures the dispersion of citing patents over technology classes, and follows the
specification proposed by Hall and Trajtenberg (2004). It relies on information concerning the number and
distribution of citations received, and the IPC classes of the patents these citations come from. The measure is
high if a patent is cited by subsequent patents belonging to a wide range of fields —i.e. the considered invention
has been relevant for a number of later inventions, and not only in its own technology class. Conversely, if most
citations are concentrated in a few fields the generality index is low, i.e. close to zero.

Data refer to patent applications published by the European Patent Office (EPO) up to 2005, by inventor’s
residence country and publication date. Only OECD and BRIICS countries with at least 250 patent applications
are included.

BRIICS refers to Brazil, the Russian Federation, India, Indonesia, China and South Africa.

Patent scope by country, 1996-2000 and 2001-05

The scope of each patent application is calculated as the number of distinct IPC subclasses (i.e. 4-digit IPC
classification) into which the application is assigned by the EPO. The graph displays the average by inventor’s
residence country and publication date, up to 2005.

Data refer to patent applications published by the European Patent Office (EPO) up to 2005, by inventor’s
residence country and publication date. Only OECD and BRIICS countries with at least 250 patent applications
are included.

BRIICS refers to Brazil, the Russian Federation, India, Indonesia, China and South Africa.

Highly cited patent applications to the EPO (top 1%), 1996-2000 and 2001-05

The top 1% patent applications in terms of received citations within a field and year are considered highly cited.
The data refers to patent applications published by the EPO up to 2005, by inventor’s residence country and date
of publication.

Countries included are OECD countries, BRIICS countries and Singapore. Only countries with at least one highly
cited patent application are shown.
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