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FOREWORD

Foreword

The OECD Science, Technology and Industry Scoreboard 2013 draws on the latest
internationally comparable data to uncover the strengths of OECD and other leading economies and
explore the continuing challenges to overcome the effects of the recent financial and economic crises.
It features indicators traditionally used to monitor developments in science, technology, innovation
and industry, and complements them with new and 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 giving policy makers and analysts the means of comparing economies with others of a similar
size or with a similar structure and monitor progress towards desired national or supranational
policy goals. It draws on the OECD’s 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.

Indicators are pointers. They do not address causal relations. Moreover, the validity of a set of
indicators depends on its use. The selected indicators have been developed with the following criteria
in mind:

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

e Indicators should be relevant, particularly for decision makers.

@ Experimental indicators that complement more established ones bring new perspectives and
advance the measurement agenda. They help to stimulate continuing and new policy debates and
uncover new dynamics.

The first chapter, Knowledge economies: trends and features, provides a broad perspective.
It looks at innovation, firm dynamics, productivity and jobs against the backdrop of the economic
crisis. It explores the new geography of growth through the lenses of global value chains, the
changing landscape of innovation, the features of science today and the characteristics of innovation
beyond formal research and development.

Six thematic chapters focus on areas of key policy interest:

e Building knowledge looks at the knowledge assets that many firms and governments view as
their current and future sources of long-term sustainable growth. It focuses on indicators of
knowledge-based capital and on the jobs and employment related to it, scientific skills and
education, and investment in research. It also presents experimental indicators of public funding
and new estimates of R&D tax incentives.

e Connecting to knowledge helps inform the policy debate with a set of metrics on the variety
and nature of mechanisms for knowledge exchange. Among the indicators presented are the
impact of scientific collaboration (based on patent citations) and science-industry linkages (based
on citations of non-patent literature in patent documents). Also included are new indicators on
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researcher mobility that track the careers of scientists who publish in scholarly journals and on the
extent of firms’ collaboration in innovation processes.

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 biotechnology and nanotechnology and in health, environmental and information and
communication technologies, and looks at developments in smart ICT infrastructure. It also
reveals how the development of technologies accelerates over time and how innovations emerge
from the combination of different technologies.

e Unleashing innovation in firms is concerned with the dynamism of the business sector and
shows the strong contribution of young firms to job creation using new microdata-based
indicators. It looks at the main ways in which firms innovate and proposes a novel indicator on the
intellectual property bundle to point to firms’ joint use of patents, trademarks and industrial
designs to protect their innovations. New data on registered designs provide information on how
countries protect creativity. Other indicators address the extent to which governments create the
conditions for young innovative firms to grow and the broader policy environment for innovation.

e Competing in the knowledge economy looks at how countries seek to build their competitive
strengths and uses a wide range of more sophisticated indicators than those that are generally
available. It considers industrial specialisation and diversification, R&D and trade specialisation,
technological advantages and relative strengths, as well as the characteristics of innovative firms
and their use of new technologies in business processes.

e Participating in the global economy draws out the implications of structural characteristics
for economies’ participation in global value chains. Indicators related to firms’ size, survival and
growth and to foreign affiliates accompany employment patterns in key industries and linkages
between manufacturing and services. Novel indicators building on the OECD-WTO Trade in Value
Added Database shed new light on economies’ participation in global trade and value chains and
the implications of this participation for jobs.

The main audience of the STI Scoreboard is policy analysts with a good understanding of the use
of indicators and all those engaged in producing indicators for analytical or policy-making purposes.
A few paragraphs introduce each indicator and offer some interpretation. They are accompanied by
a box called “Definitions” for those less familiar with the methods used. A box titled “Measurability”
summarises measurement challenges, gaps and recent initiatives.

All charts and underlying data can be downloaded via the Statlinks (hyperlink to a webpage).
For the first time, additional data that expand the coverage of countries and time periods are
available in the Statlinks. New tools to visualise indicators and help users develop thematic and
country profiles based on their own interests will be available on the STI Scoreboard website.
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Executive summary

Wth lacklustre growth across much of the globe, promoting new sources of growth has
become a global policy priority. Science, technology, innovation and entrepreneurship —
which foster competitiveness, productivity, and job creation - are important mechanisms
for encouraging sustainable growth.

The 260 science, technology, innovation and industrial performance indicators in this
Scoreboard show how OECD and major non-OECD economies are performing in a wide range of
areas. The STI Scoreboard helps governments design more effective and efficient policies and
monitor progress towards their desired goals. The following are some of the key findings of the
2013 Scoreboard.

Investment in innovation remains a priority, largely through R&D support
measures

In 2012, OECD governments on average invested the equivalent of 0.8% of GDP in direct
funding of R&D at home or abroad; Korea and Finland invested over 1%. In addition, 27 of
the 34 OECD countries and a number of non-OECD economies now indirectly support
business R&D via tax incentives. In 2011, the Russian Federation, Korea, France and
Slovenia provided the most combined support for business R&D as a percentage of GDP. In
Canada and Australia indirect funding of business R&D exceeded direct funding by a factor
of five. R&D tax credits were worth USD 8.3 billion in the United States, followed by France
and China. New estimates show that the cost to a firm of investing in R&D depends on its
size, location and balance sheet. In 2013, Australia, Canada, France, Korea, the Netherlands
and Portugal give more generous treatment to SMEs.

Young, dynamic firms contribute more to job creation than previously
recognised

Between 2008 and 2011, net employment in the OECD area fell by 2%, or 9 million people,
two-thirds of them in the United States. The manufacturing and construction sectors were
the hardest hit (an average loss of 32% and 25%, respectively), but information industries -
ICT manufacturing, publishing or telecommunication services - suffered too. For many
OECD countries, significant losses in employment continued well into 2012 with higher
skilled managers affected just as much as the lower-skilled. During the crisis, most jobs
destroyed in most countries reflected the downsizing of mature businesses; net job growth
in young firms (five years old or less) remained positive. Young firms with fewer than 50
employees represent only around 11% of employment, but they generally account for more
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than 33% of total job creation in the business sector; their share of job destruction is
around 17%.

Trade in value added provides a new perspective on trading relationships

The OECD-WTO Trade in Value Added (TiVA) indicators reveal that countries have become
more dependent on imports from a greater number of economies in order to maintain or
improve their export performance. For example, in China, over 1999-2009, gross exports
increased about 12-fold at current prices to almost USD 1 300 billion, and the foreign value-
added content of exports almost tripled to more than 30%; 20% of the value added of
exports originated from OECD countries, half of it from Japan and Korea.

Foreign consumers sustain jobs

As the interdependency of countries grows, consumers in one country sustain jobs in
countries further up the value chain. In 2008, 20% to 45% of business sector jobs in most
European economies and 20% of jobs in China were sustained by foreign demand. Shares
are smaller in Japan and the United States owing to their relatively large size and lower
dependency on exports and imports. Nonetheless, initial estimates suggest that in 2008,
over 10 million US business sector jobs were sustained by foreign consumers, with East and
Southeast Asian consumers sustaining 2 million.

Emerging economies increasingly play a role in science and innovation

In the global landscape of scientific research, the emergence of new players has changed
the structure of global collaboration networks. In 2011 China was the second-largest R&D
performer after the United States, ahead of Japan, Germany and Korea. It was also the
second largest producer of scientific publications, yet in terms of quality-adjusted research
output (top cited papers) it lags most OECD countries. China accounted for more than
74 000 scientific collaborations in 2011 up from only 9 000 in 1998. Over the period, the
number of Chinese publications co-authored with US-based institutions increased from
nearly 2 000 to more than 22 000. The United States continues to be the centre of the
international research network, accounting in 2011 for nearly 15% of all scientific
collaborations documented in peer-reviewed scientific publications.

University hotspots are still concentrated in a few locations

Worldwide, the top 50 universities with the highest relative impact over 2007-11 are highly
concentrated geographically but less so than over 2003-09. Overall, 34 of the top 50 are
located in the United States. The rest are in Europe, and, for the first time, two are outside
the OECD area, in Chinese Taipei. The United Kingdom is second, with specific strengths in
the medical and social sciences. There are notable differences by subject, with US-based
universities most likely to excel in biochemistry, computer science, neuroscience and
psychology. Universities in non-OECD economies, especially in Asia, play a relatively
prominent role in chemical engineering, energy and veterinary research.

Researchers are increasingly mobile

Researcher mobility and collaboration among institutions are increasing. A new indicator
tracks changes in the affiliation of scientists who publish in scholarly journals. The top
nine international bilateral flows of researchers coming into and leaving a country involve
exchanges with the United States. While total US inflows exceed the outflows, more
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scientists who start by publishing in the United States move to affiliations in China and
Korea than vice versa. The United Kingdom is the second most-connected economy. On
average, the research impact of scientists who move affiliations across national boundaries
is nearly 20% higher than that of those who never move abroad. For many economies,
raising the performance of these “stayers” to the level of their internationally mobile
researchers (those who leave and those who return) would allow them to catch up with
leading research nations.
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TRENDS AND FEATURES

Sources of growth and the crisis

The new geography of growth

The changing landscape of innovation
Science and innovation today

Notes and References

This chapter presents a range of indicators to highlight the long-term trends and
characteristics of global knowledge economies. It addresses the following questions: What
happened to productivity, firm dynamics, jobs and skills during the economic crisis? What are
the implications for R&D and innovation, global investment and trade flows? What have been
the sources of growth in the last two decades? What is the role of knowledge-based capital in
our economies? What are the implications of growing economic interdependencies for trade in
services and economies’ patterns of specialisation? Who are the emerging players in the new
geography of growth? How dispersed or how concentrated are economic and innovation
activities? How intertwined are the actors in the innovation system? What are the features of
scientific research today? What is the impact of the international mobility of scientists? How
“collaborative” is the innovation process? Indicators accompanied by short texts develop a
narrative to help policy makers understand knowledge, science and innovation today.
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ONOMIES: TRENDS AND FEATURES

Sources of growth and the crisis

Productivity and the crisis

The world today faces extraordinary challenges, and the effects of the economic downturn are still being felt five years after
the start of the crisis. In 2010, strong productivity growth accompanied global recovery. However, the pace of recovery varies
across OECD countries and unemployment remains high in many. The BRIICS (Brazil, the Russian Federation, India, Indo-
nesia, the People’s Republic of China and South Africa) were less affected by the global slowdown, and productivity contin-
ued to grow at over 6% in 2009-12, compared to 1.5% in the OECD area. In China, GDP per employee grew at around 9% a year.

1. Labour productivity growth based on hours worked, total economy level, 2001-12
Average annual growth rates in percentage points

% — — — United States Japan e Euro area

_2 | | | | | | | | | | J
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Source: OECD, Productivity Database, August 2013. StatLink contains more data. See chapter notes.
StatLink &i=r http://dx.doi.org/10.1787/888932889307

2. Growth in GDP per capita and GDP per person employed in the BRIICS and the OECD, 2007-09 and 2009-12
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Source: OECD, Productivity Database, www.oecd.org/std/productivity-stats, August 2013. See chapter notes.
StatLink Si=r http://dx.doi.org/10.1787/888932889326
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Sources of growth and the crisis

Jobs: The most pressing challenge

For policy makers, unemployment — which is still rising in many economies, particularly among youth - is the most pressing
challenge, especially in the euro area. The OECD-wide unemployment rate declined by just a 0.5 percentage point from a
post-war high of 8.5% in October 2009 to 8.0% in April 2013. Employment growth in different groups has varied widely during
the recovery. Youth employment rates are of particular concern, as they have declined by almost 7 percentage points in
relative terms. Moreover, lower- and higher-skilled workers do not show any increase in their relative employment rates.

3. Job recovery across socio-economic groups, 2008 Q1-2012 Q4

Youth (aged 15-24) = =— — Older workers (aged 55-64)
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Notes: Ratio of each group’s employment rates to overall employment rate. OECD is the weighted average of 34 countries for data by age, and of
30 countries for data by education (excluding Australia, Chile, Japan and New Zealand). Grey shading refers to the recovery period starting from the
trough in OECD-wide GDP.
Source: OECD calculations based on OECD Short-Term Labour Market Statistics Database and National Labour Force Surveys, June 2013. StatLink
contains more data. See chapter notes.

StatLink SazP http://dx.doi.org/10.1787/888932889345

4. Harmonised unemployment rates, OECD, Euro area, United States and Japan, July 2008-April 2013
Percentage points
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Source: OECD Short-Term Labour Market Statistics, June 2013. See chapter notes.
StatLink %u=r http://dx.doi.org/10.1787/888932889364
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ONOMIES: TRENDS AND FEATURES

Sources of growth and the crisis

Young innovative firms and job creation

New evidence from 15 OECD countries for 2001-11 shows that young businesses play a crucial role in employment creation.
During the financial crisis, the majority of jobs destroyed in most countries reflected the downsizing of old businesses,
while net job growth in young firms remained positive.

5. Net job growth, younger versus older firms, 2001-11
Average over 15 countries

% I Young firms (5 years old or less) [0 0ld firms (6 years old or more) m— Total

-6
2001-02 2002-03 2003-04 2004-05 2005-06 2006-07 2007-08 2008-09 2009-10 2010-11
Note: Preliminary results from the OECD DYNEMP project. Average over the following countries: Austria, Belgium, Brazil, Finland, France, Hungary,
Italy, Japan, Luxembourg, the Netherlands, New Zealand, Norway, Spain, Sweden and the United States. The sectors of the economy considered are:
manufacturing, construction and services (except for financial services). Owing to methodological differences, figures may deviate from officially
published national statistics. Net job growth is defined as the ratio of the difference in employment for each group of firms (young, old and total) in
two subsequent years to the average employment in the two years considered.
Source: OECD calculations based on the OECD DYNEMP data collection, July 2013. See chapter notes.
StatLink SazP http://dx.doi.org/10.1787/888932889383

DYNEMP, a new OECD project on firm-level dynamics

The OECD has collected cross-country evidence from countries’ business registers to identify the sources of job creation across
countries and over time. The project - called DYNEMP - currently involves 18 countries: Austria, Belgium, Brazil, Canada, Finland,
France, Hungary, Italy, Japan, Luxembourg, the Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, the United Kingdom
and the United States. The number of participants continues to increase. DYNEMP aims to quantify the extent to which firms that
differ in terms of age, size and sector of activity contribute to job creation and job destruction and to see how firm entry, growth and
exit shape employment dynamics across countries and over time. The resulting statistics also provide insights on the effect of the
recent international financial crisis on business dynamics. The project relies on a special collection of micro-aggregated data
extracted mainly from national business registers (BR) or comparable official sources that provide comprehensive coverage of
economic activity. As the information contained in these sources is often confidential in nature, and national data need to be
harmonised for cross-country analysis, the DYNEMP project has developed an automated routine that allows national
representatives to construct harmonised micro-aggregated data based on BR. DYNEMP is currently extending and deepening its
analysis by gathering a wider range of employment-related information at a more disaggregated level on the overall distribution of
firms (and not only on high-growth or average firms); by involving representatives from other economies; and by starting the
collection of a range of new statistics related to productivity.

20 OECD SCIENCE, TECHNOLOGY AND INDUSTRY SCOREBOARD 2013 © OECD 2013


http://dx.doi.org/10.1787/888932889383

1. KNOWLEDGE ECONOMIES: 1

Sources of growth and the crisis

Young, innovative firms and job creation

Firm-level data also show that, across all countries in the sample, young firms are more dynamic than older firms. Young
firms systematically create more jobs than they destroy. In particular, young firms with fewer than 50 employees represent
only around 11% of employment, they generally account for more than 33% of total job creation in the business sector, while
their share in job destruction is around 17%.

6. Employment, job creation and job destruction, by firm age and size, 2001-11
Non-financial business sector, average over 15 countries

% Il Employment Job destruction 50 Job creation

Small young Small old Medium young Medium old Large young Large old

Source: OECD calculations based on the OECD DYNEMP data collection, July 2013. See chapter notes.
StatLink &a=r http://dx.doi.org/10.1787/888932889402

7. Employment, job creation and job destruction, manufacturing and services 2001-11
By firm age and size, average over 15 countries

% Il Employment Job destruction [0 Job creation

Manufacturing Services

Small Small Medium Medium Large Large Small Small Medium Medium Large Large
young old young old young old young old young old young old

Source: OECD calculations based on the OECD DYNEMP data collection, July 2013. See chapter notes.
StatLink SazPa http://dx.doi.org/10.1787/888932889421
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ES: TRENDS AND FEATURES

Sources of growth and the crisis

Jobs in the crisis

Between 2008 and 2011, the OECD area as a whole suffered a net loss of about 9 million jobs. Although this represents an
overall drop of less than 2%, Estonia, Greece, Ireland and Spain suffered losses of over 8%. The United States alone shed
about 6 million jobs over the period, a fall of about 4%. The construction and manufacturing sectors were the hardest hit,
with significant declines in most OECD countries. Wholesale, retail, hotels, food services and transport sectors also strug-
gled. In many countries, the losses were partly offset by gains in “Public administration, education, health and other ser-
vices”. Along with business services, this sector ensured that Australia, Germany, Israel, Korea and Switzerland saw jobs
increase during this period.

8. Where people lost their jobs, 2008-11

Relative contribution to change in total employment by major sectors of economic activity

I Agriculture, forestry and fishing
[0 Construction
I nformation and communication

[ Mining, manufacturing and utilities
I Wholesale, retail, hotels, transport and communications
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Note: For Israel and Japan certain industry breakdowns are not available. See chapter notes.
Source: OECD, Structural Analysis (STAN) Database, May 2013; OECD National Accounts (SNA) Database and national statistical institutes, June 2013.

See chapter notes.
StatLink SazPa http://dx.doi.org/10.1787/888932889440
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Sources of growth and the crisis

Jobs in the crisis

For many OECD countries, employment continued to decline well into 2012. Available data for Europe show that Greece,
Portugal and Spain endured further falls of more than 4% from 2011. In several countries, including Greece, Portugal, Spain,
Poland, Denmark and the United Kingdom, public sector employment declined substantially in this period.

9. Where people lost their jobs in Europe, 2011-12
Relative contribution to change in total employment by major sectors of economic activity

I Agriculture, forestry and fishing B8 Mining, manufacturing and utilities
8 Construction I Wholesale, retail, hotels, transport and communications
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Source: OECD, National Accounts (SNA) Database and national statistical institutes, June 2013. See chapter notes.
StatLink SazPa http://dx.doi.org/10.1787/888932889459

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, in each country, to the total change in employment between two years.
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.4 classes.

The gains and losses, in thousands, represent the sum of the aggregate sectors with positive changes and the sum of the aggregate sectors
with negative changes, respectively. With a finer activity breakdown (for example, 2-digit ISIC Rev.4), the estimates for total gains and losses
would be different. For example, the apparent loss of about 12 000 jobs between 2008 and 2011 in the Mining, manufacturing and utilities
(B-E) sector in Australia actually includes gains of 57 000 in Mining (B) and 27 000 in Utilities (D-E) that are offset by losses of 96 000 in
Manufacturing (C).

The employment data are mostly drawn from National Accounts (SNA) sources and are measured in terms of persons except for Canada,
Japan, New Zealand and United States which provide figures for jobs. Care should be taken when comparing the changes in structural
employment in these four countries with the others. In general, for countries that measure employment in both persons and jobs, declines
were greater in jobs than in persons employed, as people switched to part-time work and job sharing.
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IES: TRENDS AND FEATURES

Sources of growth and the crisis

Jobs in the crisis

The information industries are considered by many as an important source of growth in OECD countries. Between 2008 and
2011, in nearly all countries, IT and other information services saw gains in employment while employment in manufactur-
ing of computer, electronic and optical products fell significantly. Losses were also apparent in publishing and telecommu-
nication services. Over the period, Mexico and the United States had job losses in the information industries of about 8%
and 6%, respectively.

10. Job creation and destruction in the information industries, 2008-11
Relative contribution to change in total employment in information industries by type of activity

I Manufacture of computer, electronic and optical products [ Publishing, audiovisual and broadcasting activities
[0 Telecommunications I T and other information services
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Source: OECD, Structural Analysis (STAN) Database, ISIC Rev.4, May 2013; Eurostat National Accounts and national sources, June 2013. See chapter
notes.

StatlLink iz http://dx.doi.org/10.1787/888932889478

The new industry classification and the information industries

For this analysis, “Information industries” is defined according to ISIC Rev.4. To allow for better measurement of information and
communication services, ISIC Rev.4 introduced Section ], which consists of Publishing activities (Division 58), Audiovisual and broadcasting
activities (59-60), Telecommunications (61), and IT and other information services (62-63). It brings together elements of four ISIC Rev.3
sections as summarised below. The hierarchy of ISIC Rev.4 also means that as a high-level section, information and communication is now
more likely to feature in statistical collections for which countries typically only report aggregate economic activities, such as labour force
surveys and annual National Accounts (SNA). For the definition of information industries used here, Section J is joined by ISIC Rev.4 Division
26, Manufacture of computer, electronic and optical products. This corresponds approximately to ISIC Rev.3 Divisions 30, 32 and 33.

Approximate ISIC Rev.4 to ISIC Rev.3 2-digit correspondence for ISIC Rev.4 Sector ]

ISIC Rev.4 ISIC Rev.3

18 Printing and reproduction of recorded media
58 Publishing activities
59-60 Audiovisual and broadcasting activities
90-93 Arts, entertainment and recreation

22 Publishing, printing and reproduction of recorded media

92 Recreational, cultural and sporting activities

53 Postal and courier activities -
P 64 Post and telecommunications
61 Telecommunications
62-63 IT and other information services 72 Computer and related activities
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Sources of growth and the crisis

The skills challenge

Occupations provide another way of looking at changes in employment. Analysis of European labour force statistics
suggests that during 2011-12, while there were some hints of recovery in employment, opportunities for managers declined.
There was also a drop in lower-skilled jobs in both business services and manufacturing. However, employment rose for
Professionals and for Technicians and associate professionals, i.e. higher-skilled “non-managerial” occupations.

11. Change in the skill mix in Europe, services and manufacturing, 2011-12
Relative contribution to changes in total employment by major occupation groups
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Source: OECD, based on Eurostat,8 European Labour Force Surveys, June 2013. See chapter notes.
StatLink &a=r http://dx.doi.org/10.1787/888932889497

How to read this figure

To see the occupations most affected by rises and falls in employment between 2011 and 2012, changes in the levels of employment in
occupation groups were “normalised” to show their relative contributions to the total change in each country. This is achieved, for each
country, by expressing changes in the level of occupation groups as a percentage of the sum of absolute change.

Occupations are defined according to the International Standard Classification of Occupations 2008 (ISCO-08). Gains and losses, in
thousands, represent the sum of the occupations with positive changes and the sum of the occupations with negative changes, respectively.
With a finer activity breakdown (for example, 3-digit ISCO-08), estimates of total gains and losses would differ, although the balance would
remain the same.
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INOMIES: TRENDS AND FEATURES

Sources of growth and the crisis

R&D and innovation: emerging from the crisis?

Like other types of investment activity, expenditures on R&D and innovation are pro-cyclical. As data from 1982 to 2012
demonstrate, they mirror and amplify the economic performance of the OECD area. R&D financed by the business sector is
particularly affected by the business cycle and reflects changes in financing constraints and aggregate demand. The unpre-
cedented drop in GDP and business R&D in 2008-09 was partly balanced by a boost in government-funded R&D. From 2010,
business-funded R&D appears to have recovered somewhat, counterbalancing to some extent what appears to be a signifi-
cant reduction in government funding of R&D. Recent data also show that trademark activity in goods and services was
strongly affected by the economic crisis, with drops that slightly preceded the inflection of GDP in the cycle. Several trade-
mark categories that account for a large share of US trademarks (ICT and audiovisual, advertising and business services)
have been on a downward trend since the beginning of 2012.

12. R&D growth over the business cycle by source of financing, OECD area, 1982-2012
Average annual real growth rate, percentage

Business-financed R&D expenditures — — — Government-financed R&D expenditures
% Government R&D budgets (subset of OECD countries) == ==== GDP
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Source: OECD, Main Science and Technology Indicators Database, wwuw.oecd.org/sti/msti.htm, June 2013. See chapter notes.
StatLink =i=m http://dx.doi.org/10.1787/888932889516

13. US GDP and trademark applications at the US Patent and Trademark Office, 2003-13
Comparing cycles, by type of trademarks, percentage deviation from the long-term trend

Health, pharma and cosmetics — — — Leisure and education =~ =----- Advertising and business services
% ICT and audiovisual — - — = United States GDP (right-hand scale) %

Source: OECD, based on US Patent and Trademark Office, Trademark Electronic Search System (TESS), June 2013; and OECD, Quarterly National
Accounts Database, June 2013. See chapter notes.
StatLink s=Pa http://dx.doi.org/10.1787/888932889535
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Sources of growth and the crisis

R&D through the recession

The performance of R&D from 2007 to 2011 has differed significantly across economies and sectors. In Europe, total GERD -
measured in constant USD PPP — grew about 10 percentage points , while in Japan, it has still to recover its 2007 level, largely
owing to the poor performance of the business sector. In the United States, GERD has been on a downward trend since 2008,
due to the fall in business R&D, partly offset by increasing R&D in the higher education and government sectors. The EU28
performance has been more robust, mainly owing to the recovery of business R&D from a trough in 2009. This is principally
due to growth in Germany’s business R&D, which has more than offset reductions in other countries. In China, R&D expen-
diture has nearly doubled in real terms in the space of five years, principally boosted by the business sector. From 2009, R&D
growth in the government and higher education sectors began to slow down but R&D levels continued to increase at a time
when other countries were beginning to implement R&D budget cuts.

14. Recent R&D trends by sector of performance, 2007-11
Constant USD PPPs, index 2007 = 100
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Source: OECD, Main Science and Technology Indicators Database, wwuw.oecd.org/sti/msti.htm, June 2013.
StatLink SazPa http://dx.doi.org/10.1787/888932889554
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Sources of growth and the crisis

Creative destruction in the crisis

“Creative destruction” — the process whereby economic growth and structural change force less productive firms to exit and
allow more innovative firms to enter - can help improve overall economic performance. The process of creative destruction
slowed with the onset of the global financial crisis. Business register data show a decline in the rate of enterprise creation as early
as 2007 for some of the largest economies. In 2009, the downward trend became more pronounced in several European countries.
After six years only a few countries have returned to pre-crisis levels of enterprise creation. Trends in bankruptcies are broadly
indicative of the cash flow situation of enterprises. However, as the length of countries’ bankruptcy procedures varies, insolvent
enterprises are not declared bankrupt at the same pace and this may affect the statistics shown. In several countries, bank-
ruptcies continued to rise until 2011 and in nearly all of them remained much higher than in 2007.

15. New enterprise creations, selected OECD countries, 2007-13
Trend cycle average
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Notes: For France, there is a break in series in Q1-2009 when new legislation supporting auto-entrepreneurs led to a substantial increase in individual start-ups.
Source: OECD (2013), Entrepreneurship at a Glance 2013, OECD Publishing. StatLink contains more data. See chapter notes.

StatLink = http://dx.doi.org/10.1787/888932889573
16. Trends in bankruptcies, 2007-11
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Note: Differences in national sources may affect international comparability.
Source: OECD (2013), Financing SMEs and Entrepreneurs 2013: An OECD Scoreboard, OECD Publishing and OECD (2013), Entrepreneurship at a Glance 2013,
OECD Publishing. See chapter notes.

StatLink &i=r http://dx.doi.org/10.1787/888932889592
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1. KNOWLEDGE ECONOMIES:

Sources of growth and the crisis

Financing of young innovative firms

Access to finance for new and innovative small firms involves both debt and equity finance. Venture capital (VC) is an
important source of funding, especially for young technology-based firms. Even before the recent financial crisis, banks
were reluctant to lend to small, innovative firms owing to their perceived riskiness and lack of collateral. The financial crisis
widened the existing gap at the seed and early stage, as bank lending to start-ups fell and VC firms turned to later invest-
ment stages where risks are lower. In Europe venture capital markets appear less developed than in the United States, in
terms both of the amounts invested and the amount per deal. Exits from VC and other private equity investments, through
trade sales (mergers and acquisitions) or initial public offerings (IPOs) on stock markets, provide an opportunity for investors
to realise returns from their investment and potentially free up funding for further investment in innovative young firms.
As a consequence of the financial crisis, both trade sales and IPOs have declined significantly. Exit markets have not yet
recovered (especially in Europe) and further improvement in these markets remains a challenge.

17. Venture capital investment in the United States, 1995-2012 and in Europe, 1995-2010

I VC investment in the United States (left-hand scale) [ VC investment in Europe (left-hand scale)
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Source: OECD calculations based on PwCMoneyTree, EVCA/Thomson Reuters/PwC and EVCA/PEREP_Analytics, June 2013. See chapter notes.
StatLink &a=r http://dx.doi.org/10.1787/888932889611

18. Venture capital exits in the United States and Europe, 2007-12

Trade sales and initial public offerings
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Source: OECD calculations based on EVCA/PEREP_Analytics and Thomson Reuters/National Venture Capital Association, June 2013. See chapter notes.
StatlLink iz http://dx.doi.org/10.1787/888932889630
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Sources of growth and the crisis

Technology development

Data on patent applications can be used to investigate the extent to which inventions occur in different technology areas,
and the pace at which these fields develop and mature. Patents in ICT, health and biotechnologies account for the majority
of patent applications worldwide, although their relative importance has decreased from almost 72% in 2000 to 54% in 2011.
This decline has been mainly driven by a gradual reduction in the number of patent applications in health- and biotechnology-
related technologies. Patents in nanotechnologies and the environment, instead, which in 2000 accounted for about 6% of
all patents, saw their relative share increase to almost 10% in 2010.

19. Patents by technology fields, 1999-2011
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Source: OECD, Patent Database, June 2013. See chapter notes.
StatLink Si=r http://dx.doi.org/10.1787/888932889649

Classifying patents into technology areas

Information contained in patent documents — the invention’s International Patent Classification (IPC) and national patent classification
fields, its title, the abstract describing it, and its list of claims - can be used to classify a patent in the relevant technology. In the case of IPC
classes, one or several codes may be attributed during the patent examination process. However, for emerging and rapidly evolving
technologies, specific categories or classes may not be available when needed. This can make it difficult to identify patents relating to such
technologies at a later date. A careful examination of the IPC classes and subclasses, combined with searches for appropriate keywords in
the text fields of the patent document, makes it possible to define the boundaries of a given technology domain. A comprehensive allocation
of patented inventions based on 4-digit IPC codes was developed by Schmoch (WIPO, 2008, revised in 2013), who subdivided patents into 35
technology classes. Additionally, groups of experts have identified key domains on the basis of IPC classes and the ad hoc tagging system of
the European Classification System (ECLA) to highlight the areas of application of patented inventions.
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Sources of growth and the crisis

Trade in the crisis

Growth of international trade has greatly outpaced growth of GDP over the past decade. Between 2000 and 2008, and before
the financial crisis triggered a worldwide slump in 2009, there was a nearly threefold increase in reported global exports of
goods and services. Movements of intermediate goods were the hardest hit but were also the first to recover. Between 2000
and 2011 growth of exports from emerging economies outpaced exports of OECD countries. By 2011, the OECD’s share of
goods exports had fallen by about 12 percentage points from 2000 and its share of exports of services had fallen by 10 percentage
points. In general, services were less affected by the collapse. By 2011, in both OECD and non-OECD economies, global trade
in goods and services had recovered, supported by increases in commodity prices. The amplitude of the crisis underscored
the depth and breadth of global interdependencies and prompted calls for better tools to link trade, demand and output
flows across countries, sectors and commodities. The recent development of the OECD-WTO Trade in Value Added (TiVA)
Database has made it possible to analyse trade dynamics and relations from a new perspective.

20. The dynamics of merchandise exports in OECD and non-OECD economies, 2000-11
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Source: OECD, STAN Bilateral Trade Database by Industry and End-use (BTDIXE), www.oecd.org/sti/btd, May 2013. StatLink contains more data. See
chapter notes.

StatLink &i=r http://dx.doi.org/10.1787/888932889668

21. The dynamics of trade in services in OECD and non-OECD economies, 2000-12
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StatLink %= http://dx.doi.org/10.1787/888932889687
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Sources of growth and the crisis

Trade in the crisis

Measuring international trade in value added terms makes it possible to avoid counting flows of embodied intermediate
goods and services more than once and offers a new perspective on the 2009 global collapse in trade. Drops in countries’
value added in foreign final demand (value added exports) were slightly less severe than declines in exports measured in
“traditional” gross terms. A value added measure also reveals that falls in exports of primary goods and of services had a
greater impact on the 2008-09 contraction than gross measures would indicate. The influence of manufactured exports on
the trade crisis appears significantly weaker once the widespread fall in flows of intermediate goods is better accounted for.

22. Worldwide collapse in exports, in gross and value added terms between 2008 and 2009
Contributions to total percentage fall by major groups of activity, for top 20 exporting OECD/BRIICS countries
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Source: OECD-WTO, Trade in Value Added (TiVA) Database, http://oe.cd/tiva, May 2013. StatLink contains more data. See chapter notes.
StatLink &i=r http://dx.doi.org/10.1787/888932889706

Measuring trade in value added

The goods and services people buy are composed of inputs from various countries around the world. However, the flows of goods and
services within these global production chains are not always reflected in conventional measures of international trade. Reporting the total
value of an export often means counting embodied imported intermediates every time they cross borders.

The joint OECD-WTO Trade in Value Added (TiVA) Database considers the value added by each country in the production of the goods and
services consumed worldwide. It recognises that growing global value chains mean that a country’s exports increasingly rely on significant
intermediate imports. TiVA indicators are designed to inform policy makers by providing new insights into the commercial relations
between nations. The TiVA database (May 2013) presents indicators for 57 economies (including all OECD countries) for the years 1995, 2000,
2005, 2008 and 2009, broken down by 18 industries. The indicators include: breakdown of gross exports by industry into their domestic and
foreign content; origin of value added in countries’ final demand; the services content of gross exports by exporting industry (broken down
by foreign/domestic origin); bilateral trade balances based on flows of value added embodied in domestic final demand; intermediate
imports embodied in exports.

For example, the indicator FDDVA (domestic value added embodied in [foreign] final demand) accounts for the fact that industries export
value both directly, via exports of final goods and services, and indirectly, via exports of intermediates embodied in other countries’ exports
to meet foreign final demand (household and government consumption or capital investment). It shows the connection of industries
(upstream in a value chain) to consumers in other countries, even when no direct trade relationship exists. It can thus contribute to a better
understanding of the impact on domestic output of changes in final demand in foreign markets. Indicators of trade in value added are
derived from the OECD’s input-output tables, which are integrated into the global Inter-Country Input-Output (ICIO) system using additional
information from the OECD’s Bilateral Trade in Goods by Industry and End-Use (BTDIXE) Database, the bilateral Trade in Services (TIS)
Database, the Structural Analysis (STAN) Database, and aggregate annual National Accounts (SNA) and Balance of Payments statistics.
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Investment in the crisis

1. KNOWLEDGE ECONOMIES:

Sources of growth and the crisis

Since the mid-1990s, foreign direct investment (FDI) has grown at a faster pace than international trade in goods and
services. Although most flows still take place within the OECD, the landscape has changed dramatically in the past decade.
Until 2003, around 95% of FDI outflows originated from OECD countries, but in the following years their share fell below 80%
owing to the spectacular rise in overseas investment by emerging economies. The impact of the 2008 crisis on FDI flows
varied across countries. Non-OECD economies overall experienced a severe slump (about 20%) in 2009 followed by an immediate
recovery. In the OECD area as a whole, both inward and outward flows were already falling in 2008 and by 2011 had still not

reached their pre-crisis levels.
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23. Trends in world foreign direct investment flows 1995-2011
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Sources of growth and the crisis

GDP per capita

GDP per capita is a measure traditionally used to gauge a nation’s welfare. Changes in this measure can result from changes
in labour productivity (GDP per hours worked) and labour utilisation (hours worked per employee and employment per capita).
Differences in GDP per capita growth in OECD countries can be mainly attributed to differences in labour productivity
growth, as labour utilisation has generally increased only marginally over the past 15 years. The picture has been slightly
different since the onset of the financial crisis. In most countries, the decline in GDP per capita was primarily due to sub-
stantial declines in labour utilisation, only partly offset by increases in productivity. These were due to falls both in employ-
ment and hours worked per person, while labour force participation remained broadly unchanged. In 2010 widespread
growth signalled the start of a global recovery. However, the pace of recovery varies in OECD countries and obliges them to
find new and sustainable sources of growth.

24. Decomposition of growth in GDP per capita, 2007-09 and 2009-12
Total economy, annual percentage change
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Source: OECD, Productivity Database, www.oecd.org/std/productivity-stats, August 2013. StatLink contains more data. See chapter notes.
StatLink SazPa http://dx.doi.org/10.1787/888932889744
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GDP per capita

Sources of growth and the crisis

What stands out from the breakdown of GDP per capita is the importance of labour productivity in explaining the cross-
country dispersion in income per capita. Despite rapid convergence in some of the BRIICS, all still have income gaps of
between 65% and 92%, mainly due to large labour productivity shortfalls compared to the United States. Among the BRIICS,
China’s GDP per capita soared during the years of the crisis, narrowing the gap by over 6 percentage points; its labour force
participation rates remained above the OECD average and the difference in income per capita is essentially due to lower
capital per worker and lower multifactor productivity. In Brazil the GDP per capita gap is slowly diminishing, but it remains

large and is mainly due to comparatively weak labour productivity performance.

25. Gap in GDP per capita and GDP per person employed in the BRIICS, with respect to the United States, 1997-2012
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Source: OECD, Productivity Database, www.oecd.org/std/productivity-stats, August 2013. See chapter notes.

StatLink w=r http://dx.doi.org/10.1787/888932889763
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Sources of growth and the crisis

Labour productivity

Understanding the drivers of productivity growth at the total economy level requires an understanding of the contribution
of each industry. An individual sector’s contribution depends not only on its productivity growth but also on its share of
value added and employment. In the years up to the economic crisis, productivity growth was almost entirely driven by
manufacturing and business-sector services. The contribution of manufacturing was generally due to increasing productiv-
ity and not to the growth of the sector. The strong contribution of business-sector services reflected their increasing share in
overall activity; excluding real estate, business-sector services accounted for 35% to 50% of value added across OECD coun-
tries.

26. Labour productivity growth in non-agricultural business sector before the crisis, 2001-07
Contribution to average annual percentage change by industry
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Source: OECD, National Accounts (SNA) Database and Structural Analysis (STAN) Database, ISIC Rev.4, May 2013. See chapter notes.
StatlLink iz http://dx.doi.org/10.1787/888932889782

How to read this figure

Labour productivity growth is defined as the rate of growth in real value added per hour worked. Differences in labour productivity growth
across sectors may relate, for instance, to the intensity with which sectors use capital and skilled labour in their production, the scope for
product and process innovation, the absorption of external knowledge, the degree of product standardisation, the scope for economies of
scale, and involvement in international competition.

Productivity growth rates differ widely across industries. High growth rates are found particularly in the manufacturing sector but also in
some business-sector services. The differences in sectors’ productivity performances do not appear to explain all of the differences in
productivity growth across countries. For instance, in manufacturing, productivity growth rates ranged from less than 1% in Italy to 8% in
the Czech Republic between 1995 and 2011. For most OECD countries for which data are available, labour productivity growth has declined
since the onset of the financial crisis, and the decline is broadly spread across sectors. Spain is a notable exception, but its labour
productivity growth was due to significantly larger falls in employment than in output.
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Sources of growth and the crisis

Labour productivity

Since the crisis, productivity growth has been sluggish in many OECD countries; positive growth, however small, has
typically occurred in manufacturing, information and communication, and, to a lesser extent, finance and insurance.
However, many recent gains, especially in manufacturing, stem from aggregate efficiency increases following heavy job
losses in the sector.

27. Labour productivity growth in non-agricultural business sector after the crisis, 2007-11
Contribution to average annual percentage change by industry
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Source: OECD, National Accounts (SNA) Database and Structural Analysis (STAN) Database, ISIC Rev.4, May 2013. See chapter notes.
StatlLink iz http://dx.doi.org/10.1787/888932889801

Measuring labour productivity by sector

The comparability of productivity growth across industries and countries may be affected by problems in measuring real value added. This
is particularly relevant for services, as it is difficult to isolate price effects due to changes in the quality or the mix of services from pure price
changes. In spite of the substantial progress made in the past ten years in compiling service producer price indices (SPPIs), the methods used
to compute real value added still vary across OECD countries. In many of them, estimates of real value added in some industries are based
on a sum-of-costs approach, which deflates compensation of employees using assumptions about labour productivity growth. For example,
most countries assume no change in labour productivity for public administration activities, which is why this sector is not included here.
Also excluded are real estate services, as the output of this sector mainly reflects the imputation made for the dwelling services provided
and consumed by homeowners. In addition, sectors such as construction and several services are characterised by a high degree of part-time
work and self-employment, which can affect the quality of estimates of actual hours worked. See OECD (2012) Compendium of Productivity
Indicators 2012, OECD Publishing.
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Sources of growth and the crisis

Knowledge-based capital

Innovation stems from more than investment in R&D. It requires complementary assets such as software, design, human
capital and appropriate organisational structures. Investment in such knowledge-based capital (KBC) has been rising in
many OECD economies, often at a faster pace than investment in traditional physical capital. In the United States, the coun-
try with the longest time series, investment in KBC has been rising almost continuously for more than 40 years to reach
some 15% of GDP by 2010. In Denmark, Finland, France, the Netherlands, the United Kingdom and the United States, these
investments exceeded investment in machinery and equipment in 2010. R&D and other innovative property assets only
represent between 26% and 55% of total KBC investments.

28. Investment in physical and knowledge-based capital, 2010
As a percentage of value added of the business sector
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Source: Statistics on knowledge-based investment based on INTAN-Invest Database, www.intan-invest.net, and national estimates by researchers.
Estimates of physical investment are based on OECD Annual National Accounts (SNA) and INTAN-Invest Database, May 2013. See chapter notes.
StatLink SazP http://dx.doi.org/10.1787/888932889820

What do we mean by “knowledge-based capital”?

Sometimes referred to as “intangible assets” or “intellectual capital”, knowledge-based capital has 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 assets in the bundle of KBC is considerably broader. One classification, offered by Corrado et al. (2009), 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, aspects of advertising and
marketing, firm-specific human capital, and the organisational know-how that increases enterprise efficiency). On the basis of that study,
researchers in several countries have computed aggregates for KBC 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 2010 OECD Handbook on Deriving Capital Measures of Intellectual Property Products, OECD Publishing). More work is needed to harmonise
the definition of KBC and collect data on an internationally comparable basis for better identification and measurement of new sources of
growth.
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Sources of growth and the crisis

Dynamics of knowledge-based assets

Evidence suggests that business investment in KBC relates to growth and productivity. KBC can be the source of increasing
returns to scale in production by allowing firms to make use of existing knowledge without re-incurring the costs of
developing it. In addition, some of the knowledge created by assets such as R&D, design and new business processes can
spill over into other parts of the economy, spurring growth. Growth accounting studies for the European Union and the
United States show that business investment in KBC is the source of 20% to 27% of average labour productivity growth.
Recently gathered data suggest that, at least in the early phase of the global economic crisis, business investment in KBC
either grew faster than, or did not decline to the same extent as, investment in physical capital. This characteristic of
aggregate investment in KBC may depend in part on the nature of the expenditures measured, primarily wages, which tend
to be stickier than other forms of business expenditures.

29. Change in business investment intensity between 2008 and 2010
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Source: Statistics on knowledge-based investment are based on INTAN-Invest Database, www.intan-invest.net, and national estimates by researchers.
Estimates of physical investment are based on OECD Annual National Accounts (SNA) and the INTAN-Invest Database, May 2013. See chapter notes.
StatlLink iz http://dx.doi.org/10.1787/888932889839

How to read this figure

Since the start of the global economic crisis, business investment has suffered, although not equally across different types of assets. This
figure shows the change in investment in KBC and in physical assets between 2008 and 2010. For example, in the United States, investment
in physical assets fell from 9.7% to 7.6% of business-sector value added, a drop of 2.1 percentage points. Investment in innovative property
fell by 0.67 percentage points, while investment in economic competencies increased by 0.16 percentage points.
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The new geography c;f grth

Evolving global value chains

The international fragmentation of production has expanded rapidly in the last two decades and production processes in
many economies have specialised in specific tasks and activities. To understand this development it is not enough to com-
pare direct imports to measures of domestic production. A producer that imports components may also purchase compo-
nents from domestic providers that, in turn, use intermediate imports in their production processes. Moreover, imports may
contain elements produced in the domestic economy. Developed in response to demand from policy makers, the OECD-
WTO Trade in Value Added (TiVA) Database offers new insights on international trade patterns and dynamics. For example,
indicators of the foreign value added content of exports reveal the extent to which countries have become more dependent
on imports from a greater number of countries in order to maintain or improve their export performance.

30. Foreign value added content of exports, 1995
Selected flows, by source country/region, USD millions, at current prices
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Source: OECD-WTO, Trade in Value Added (TiVA) Database, http://oe.cd/tiva, May 2013; map source: ARTICQUE® - all rights reserved. StatLink contains
more data. See chapter notes.

StatLink %u=r http://dx.doi.org/10.1787/888932889858

How to read these figures

The size of the bubble represents the total amount of foreign value added embodied in an economy’s or a region’s total exports of goods and
services for final demand (e.g. household and capital consumption). This is broken down to reveal the origin of the imported (intermediate)
content (arrows). As the following figure for 2009 shows, the size of the bubbles and the thickness of the arrows increase considerably
between 1995 and 2009, the latest available year in the TiVA Database, and demonstrate countries’ increased dependency on imports.
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The new geography of growth

Evolving global value chains

In most economies, the share of foreign value added in exports has increased in the last decade, a clear sign of the growing
and evolving reliance on foreign intermediates in production. Among other factors, geography (proximity to markets), size
of the economy (ability to source intermediates from domestic suppliers), and natural endowments of mineral resources all
play a role. For example, in recent years China has increasingly relied on imports, notably from Europe, Japan and other
OECD economies, to produce final goods for export. The foreign value added content of Chinese exports rose from 12% to
33% between 1995 and 20009.

31. Foreign value added content of exports, 2009
Selected flows, by source country/region, USD millions, at current prices
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Source: OECD-WTO, Trade in Value Added (TiVA) Database, http://oe.cd/tiva, May 2013; map source: ARTICQUE® - all rights reserved. StatLink contains
more data. See chapter notes.
StatLink %= http://dx.doi.org/10.1787/888932889877
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The new geography of growth

Evolving global value chains

The exports of countries with relatively open and liberal trade regimes and high shares of foreign direct investment are
likely to have higher foreign value added content. The exports of larger economies that have significant mineral resources
or are relatively far from foreign markets and suppliers tend to have relatively higher domestic (and lower foreign) value
added content than those of smaller economies. Similarly, the exports of countries that specialise in activities upstream in
the value chain, such as mining and agriculture, and those that specialise in services typically have higher domestic value
added content. For the OECD area, foreign value added represented 24% of the value of gross exports in 2009, up from 19%
in 1995. For the largest non-OECD exporters, it ranged from less than 10% in the Russian Federation and Brazil, where the
weight of natural resources in exports is high, up to 50% in Singapore. In China, where gross exports increased about 12-fold
at current prices to almost USD 1 300 billion, this measure of interdependence almost tripled to more than 30%, with 60% of
the foreign value added of exports originating from OECD countries, half of which from Japan and Korea.

32. Foreign value added content of exports, non-OECD economies, 2009
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Source: OECD-WTO, Trade in Value Added (TiVA) Database, http://oe.cd/tiva, May 2013. StatLink contains more data. See chapter notes.
StatLink SazPa http://dx.doi.org/10.1787/888932889896

How to read this figure

The height of the stacked bars represents the percentage of foreign value added included in gross exports in 2009. Economies are ordered
according to the share of foreign value added originating from the OECD area. The right-hand scale indicates the value of gross exports in
USD billions in 2009.
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The new geography of growth

A new look at service trade

Services represent more than 70% of GDP in most OECD countries, while reported trade in services accounts for just over
one-quarter of total international trade in goods and services. However, accounting for the value added by services in the
production of goods reveals that the services sector plays a much more significant role in international trade, surpassing
50% of total exports in the United States, the United Kingdom, France, Germany and Italy. The OECD-WTO Trade in Value
Added (TiVA) Database can provide insights into the role of services in global value chains by revealing, for example, the
extent to which exports of manufactured goods depend on the inputs from various service activities that are required to
produce them. In 2009, about a third of the value of OECD exports of manufactured goods could be attributed to services, a
significant rise since 1995. Services content varies across industries and countries; electrical and transport equipment
(high- and medium-high technology) manufactures have large shares of services content in many countries, often owing to
business services such as IT services. Service content can be further split into domestic and foreign origin. Foreign services
content in high- and medium-high-technology manufactures can represent between 40% and 50% of total services value
added content.

33. Services value added in manufacturing exports by industry, 1995 and 2009
Range of values as a percentage of gross exports
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Source: OECD-WTO, Trade in Value Added (TiVA) Database, http://oe.cd/tiva, May 2013.StatLink contains more data. See chapter notes.
StatLink Sa=m http://dx.doi.org/10.1787/888932889915

How to read this figure

The indicator of services value added in manufacturing exports reflects the share of services value added in manufacturing production. The
distance between 1995 and 2009 average values shows that the average content of services rose about 5 percentage points during the period
to a value ranging from 30% to 35% across all industries. Half of the OECD economies (between the 25 and 75t percentiles) differ by only 5
to 10 percentage points. Lowest and highest country values in each industry are much more diversified, and their interpretation depends on
the industry and the economy under consideration. Differences among countries are very small for machinery manufacturing but very wide
for electrical equipment. For the latter, the share of services in the Netherlands’ manufacturing exports largely concerns R&D and marketing
services while Chile has very little manufacturing in this industry.
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The new geography of growth

FDI shifting east

Foreign direct investment may provide recipient countries with access to new technologies and generate knowledge spill-
overs for domestic firms and additional investment in 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 Southeast Asia have leapt from an average
of about USD 81 billion a year in 1995-2000 to about USD 353 billion a year in 2007-11. According to preliminary OECD 2012
estimates, 44% of global FDI inflows were hosted by just five countries. China, with a five-fold increase in average annual
inflows over 2008-11 became the largest FDI recipient in 2012, followed by the United States, Brazil, the United Kingdom and
France. Rising global FDI outflows are driven by OECD countries and more than doubled between the early and late 2000s.
At the same time, FDI by the BRIICS increased substantially as these economies became more integrated in the global
economy.

34. Foreign direct investment inflows, 1995-2000, 2001-06 and 2007-11
Yearly averages
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Source: IMF, Balance of Payments Database, June 2013. See chapter notes.
StatLink SazPa http://dx.doi.org/10.1787/888932889934

35. Outward foreign direct investment flows from BRIICS, 2001-04, 2005-07 and 2008-11
Billions of USD, current exchange rates, yearly averages
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Source: IMF, Balance of Payments Database, June 2013. See chapter notes.
StatLink Sa=P http://dx.doi.org/10.1787/888932889953
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The new geography of growth

FDI shifting east

Average outward foreign direct investment (OFDI) from India increased more than nine-fold between the early and late
2000s while that of China increased 30-fold. Asia, and particularly Hong Kong, China, remains the largest recipient of
Chinese investment, but the Caribbean countries also receive large amounts of Chinese OFDI. The routing via Hong Kong,
China, and the Caribbean makes it difficult to build a reliable picture of the geographical distribution of China’s OFDI. In
terms of the stocks of inward and outward FDI, the United States remains the top investor and largest destination for FDI,
with an inward stock of about USD 4 trillion, or about 20% of US GDP. Japan and Germany have the largest net active
position, and Brazil is the largest net receiver. Besides Hong Kong, China, the top 20 economies measured by the sum of
inward and outward positions include some very small economies such as Ireland, Singapore and the British Virgin Islands.
Larger economies such as Italy and Japan attract little foreign investment, which contributes to their positive net FDI stock
balance.

36. Outward foreign direct investment flows from China, yearly average 2007-11
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Source: OECD calculations based on Chinese Ministry of Commerce, Statistical Bulletin of China’s Outward Foreign Direct Investment 2011. Map source:
ARTICQUE® - all rights reserved. See chapter notes.
StatLink SazPa http://dx.doi.org/10.1787/888932889972

37. Top 20 countries, total stock of foreign direct investment, 2012
Inward and outward positions, USD billions at current exchange rates
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Source: UNCTAD, FDI/TNC Database, www.unctad.org/fdistatistics, July 2013. See chapter notes.
StatLink SazPa http://dx.doi.org/10.1787/888932889991
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The new geography of growth

The structure of economies

As manufacturing production declines in OECD countries, the contribution of services to GDP rises: they now represent
more than 70% of OECD value added and surpass 75% in eight OECD countries, including France and the United States. Even
as manufacturing has expanded in the BRIICS in the last 20 years, natural resources continue to play a significant role in
their economies, especially in the Russian Federation. Among OECD countries, Australia, Chile, Norway and Mexico rely
heavily on natural resources.

38. Composition of GDP in OECD and BRIICS countries, 2011
Value added of major activity groups as a percentage of total industry value added
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Source: OECD National Accounts (SNA) Database and Structural Analysis (STAN) Database, ISIC Rev.4; and national statistical institutes, June 2013. See

chapter notes.
StatLink SazP http://dx.doi.org/10.1787/888932890010

39. Top 20 OECD and BRIICS countries reliant on natural resources, 2011
Natural resource rents as a percentage of GDP
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Source: World Bank, World Development Indicators Database, June 2013. See chapter notes.
StatLink SazP http://dx.doi.org/10.1787/888932890029
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The new geography of growth

Top manufacturing players

Manufacturing has globalised over the last 20 years. In 1990, the G7 countries accounted for two-thirds of world manufac-
turing value added but now account for about 40%. In 2010, China passed the United States to become the world’s leading
manufacturer, and Brazil, India and Korea moved slightly ahead of France and the United Kingdom, two leading European
manufacturers. China is also the top exporter of manufactured goods. However in value added terms, its lead over the
United States is less clear. In fact, in 2009, the latest year available in the OECD-WTO TiVA Database, the share of the United
States still exceeded that of China by a small margin. Japan and the United Kingdom also have higher shares of manufac-
turing exports in value added terms owing to their exports of high-quality parts and components that are subsequently
embodied in other countries’ exports.

40. Top manufacturers, 1990, 2000 and 2011
Percentage share of total world manufacturing value added
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Source: United Nations Statistical Division (UNSD), National Accounts Main Aggregates, May 2013; OECD National Accounts (SNA) Database and
Structural Analysis (STAN) Database, ISIC Rev.4, June 2013. See chapter notes.
StatLink == http://dx.doi.org/10.1787/888932890048

41. Top 20 exporters of manufactured goods in gross and value added terms, 1995 and 2009
Percentage shares of total world manufacturing goods
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Source: OECD-WTO, Trade in Value Added (TiVA) Database, http://oe.cd/tiva, May 2013.
StatLink =P http://dx.doi.org/10.1787/888932890067
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The new geography of growth

Relying on energy

Energy-intensive products make up over a quarter of total OECD exports of manufactures. For most OECD countries the
share has increased since 2000, partly because of price increases in commodities. Energy-intensive does not necessarily
mean carbon-intensive, but for many countries, industrial production is an area in which efforts to reduce the carbon
content of output can still be made.

42. Exports from energy-intensive manufacturing industries, 2011
As a percentage of total manufacturing exports
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Source: OECD, STAN Bilateral Trade Database by Industry and End-use (BTDIXE), May 2013. See chapter notes.
StatLink %= http://dx.doi.org/10.1787/888932890086
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The new geography of growth

Growth and carbon emissions

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 environ-
ment 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.

43. Biggest net CO, importers and net CO, exporters, 2009
Estimates of production-based CO, emissions and consumption-based CO, emissions, selected countries, million tonnes
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Source: OECD, Inter-Country Input-Output Database, May 2013. International Energy Agency (2013), CO, emissions from fuel combustion. See chapter
notes.
StatLink Si=m http://dx.doi.org/10.1787/888932890105

How to estimate imports and exports of CO,

The OECD’s input-output tables, bilateral trade in goods and services statistics, and 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 15% higher in 2009 than conventional measures of production-based emissions
would suggest. The divergence exceeds 25% in France, Italy and the United Kingdom. The magnitude of the difference increased in the late
1990s as trade in goods and services increased, except in Japan and Germany where both the production and the consumption of CO,
emissions decreased between 1995 and 2009. 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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AIES: TRENDS AND FEATURES

The changing landscae of innovation

R&D in the global landscape

The United States is the world’s largest R&D performer, with nearly USD 415 billion of domestic R&D expenditures in 2011.
This is about twice the amount of R&D performed in China, which is now the second largest performer, ahead of Japan,
Germany and Korea. Korea has the highest ratio of R&D expenditures to GDP owing to rapid increases in recent years. Non-
OECD economies account for a growing share of the world’s R&D, measured in terms of total researchers and R&D expendi-
tures. Personnel costs account in most economies for the bulk of R&D expenditures. This explains the close relationship
between R&D as a percentage of GDP and the number of researchers as a percentage of total employment. Variations can be
related to differences in the price of R&D inputs, such as researcher costs, the pattern of R&D specialisation and R&D capital
expenditures, as some countries may be developing their research infrastructure for future use.

44. R&D in OECD and key partner countries, 2011
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Source: OECD, Main Science and Technology Indicators Database, www.oecd.org/sti/msti.htm, Brazil’s Ministry of Science, Technology and Innovation
and UNESCO Institute for Statistics, June 2013. See chapter notes.

Statlink &a=r http://dx.doi.org/10.1787/888932890124
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1. KNOWLEDGE ECONOMIES: TREND

The changing landscape of innovation

The policy mix for R&D

Governments can choose among various instruments to promote business R&D. In addition to giving grants or loans and
procuring R&D, many also provide fiscal incentives. Today, 27 of the 34 OECD countries and a number of non-OECD economies
give preferential tax treatment to R&D expenditures. New estimates of the cost of these incentives have been combined
with data on direct R&D funding (R&D grants and purchases), as reported by firms, to provide a more complete picture of
government efforts to promote business R&D. Across countries, R&D intensity in the business sector is significantly correlated
with total government support for business R&D. This does not imply a causal relationship and there are notable exceptions.
Germany and Korea have relatively high business R&D intensity compared to their degree of government support, while
Canada, the Russian Federation and Turkey have high rates of support relative to countries with similar business R&D-to-GDP
ratios. In 2011, Finland, Germany, Sweden and Switzerland did not offer tax incentives but had very R&D-intensive business
sectors. In 2013, Finland introduced a new R&D tax allowance.

45. Business R&D intensity and government support to business R&D, 2011
As a percentage of GDP
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Note: This is an experimental indicator. International comparability may be limited. For more information, see www.oecd.org/sti/rd-tax-stats.htm.
Source: OECD, based on OECD R&D tax incentives questionnaire, publicly available sources and OECD, Main Science and Technology Indicators
Database, www.oecd.org/sti/msti.htm, June 2013. See chapter notes.

StatLink Sa=r http://dx.doi.org/10.1787/888932890143

How to read this figure

Bubble sizes represent the total amount of tax incentive support for R&D expenditures in USD PPP. For example, in the Netherlands, tax
support for R&D is just above USD 1 billion. Total government support for business R&D is just above 0.2% of GDP and business R&D is close
to 1% of GDP. Across countries, the correlation between the two variables is 29%.

How to measure the cost of tax incentives

The OECD data collection on R&D tax incentives, now in its fourth edition, attempts to identify and address subtle differences in the tax
treatment of R&D, the relevant tax benchmark and measurement approaches. National experts on science and technology indicators have
collaborated with public finance and tax authorities to provide the most up-to-date and internationally comparable figures possible. The
estimated cost of provisions for the treatment of R&D expenditures by firms is presented relative to a common benchmark whenever
possible. Estimates reflect the sum of foregone tax revenues —on an accrual basis — and refunds where applicable. However, many authorities
can only report the cost of government tax liabilities realised in a given period (cash basis).
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The changing landscape of innovation

Smart infrastructure

The Internet is a key infrastructure for businesses, individuals and the public sector alike and continues to expand rapidly.
Global Internet Protocol (IP) traffic rose from 20 000 Petabytes a month in 2010 to 55 000 in 2013 and has increased 19-fold
since 2005. Always-on and mobile connectivity are already reshaping people’s daily behaviour and will continue to do so in
coming years. Originally designed as a research network, the Internet’s subsequent widespread commercialisation and
expansion have meant that the Internet Protocol, IPv4, no longer meets today’s needs. In fact, freely available IPv4 addresses
ran out in early 2011. IPv6 was designed to succeed IPv4 and its deployment began in 1999. It provides significantly greater
address space, but it is being implemented slowly. While it appears that over half of the equipment deployed on the wired
Internet is capable of supporting IPv6 today, less than 1% of it connects to a service that provides IPv6. Only four countries
- France, Luxembourg, Japan and the United States - are above the OECD average in this respect.

46. Global Internet Protocol (IP) traffic, 2005-13
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Source: Cisco Visual Networking Index (VNI), June 2013. See chapter notes.
StatLink SazPa http://dx.doi.org/10.1787/888932890162

47. 1IPv6 deployment by country, November 2012
As a percentage of Internet users
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1. KNOWLEDGE ECONOMIES:

The changing landscape of innovation

Towards near ubiquity

Around three-quarters of the world’s inhabitants now have access to a mobile phone. The number of mobile subscriptions
in use worldwide, both pre-paid and post-paid, has grown from fewer than 1 billion in 2000 to over 6 billion today, of which
nearly 5 billion in developing countries. Mobile cellular penetration (per 100 inhabitants) in the OECD area passed 100% in
2008 and world subscriptions are estimated to approach this level in 2013. Emerging countries are now looking to replicate
the success of the pre-paid model for mobile devices with Internet access capability. In 2011 Brazil overtook the OECD, with
123 subscriptions per 100 inhabitants, while China and India had about three subscriptions for every four inhabitants.
Ownership of multiple subscriptions is increasingly common and their numbers may soon exceed that of the population.
Convergence of mobile broadband penetration to OECD levels has yet to occur, but this service is recent and affordability
and quality are improving fast. Subscriptions in the OECD area rose from 20% in 2008 to 55% in 2011 (less than 20% at world
level). They are expected to reach 63% in the OECD area in 2012. In 2011, about 45% of OECD cellular mobile subscribers were
3G-enabled, and LTE (a more powerful version of 3G known as 4G) has reached most OECD countries. The story of mobile
communications will now shift from the phone to how it is used. Near ubiquity brings new opportunities.

48. Mobile cellular and broadband penetration worldwide, 2001-11
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Source: OECD, Telecom Database and ITU, World Telecommunication/ ICT indicators Database, June 2013. StatLink contains more data. See chapter
notes.
StatLink SazPa http://dx.doi.org/10.1787/888932890200
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The changing landscape of innovation

University hotspots

Worldwide, the top 50 universities with the highest relative impact in 2007-11 — in terms of normalised citations to academic
publications across disciplines — are highly concentrated geographically but less so than in 2003-09. Overall, 34 of the top 50
are located in the United States. The rest are in Europe, and, for the first time, two are outside the OECD area, in Chinese
Taipei. The United Kingdom is the second-ranked economy, with specific strengths in the medical and social sciences.
There are interesting differences by subject, with US-based universities most likely to excel in biochemistry, computer
science, neuroscience and psychology. Universities in non-OECD economies, especially in Asia, play a relatively prominent
role in chemical engineering, energy and veterinary research. These results refer to measures of output quality per unit of
production, not absolute values of high-quality publications. Economies also differ in the share of scientific output
produced outside the higher education sector, for example in government research institutes.

49. University hotspots, geographical distribution of highest impact institutions, 2007-11
Location of top 50 universities by main subject areas
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StatLink contains more data. See chapter notes.
StatLink &a=r http://dx.doi.org/10.1787/888932890219

How to read this figure

The X axis 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 was at least 100 documents in 2011, except for some disciplines for which the
threshold was set at 50 documents. 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 2007-11 and only for the production in which the country is the main contributor (production in which the
corresponding author belongs to the institution).
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1. KNOWLEDGE ECONOMIES: TREND

The changing landscape of innovation

Regional innovation hotspots

Location seems to matter. Many of the leading firms in knowledge-intensive industries — such as information and commu-
nication technologies, biotechnology and nanotechnology — have emerged in a limited number of regions. The top 20
patenting regions in these enabling technologies are concentrated in a handful of countries, particularly the United States
(34% of these regions’ patent applications in 2008-10, down from about 50% ten years earlier) and Japan (29%, up from about
17% ten years earlier). China also has innovation hotspots, with the Beijing region relatively specialised in all three technol-
ogies but particularly in biotechnology and nanotechnology, and the Guangdong region relatively more specialised in ICT (a
90-fold increase in ICT applications over a ten-year period). Seven European regions are among the top innovation hotspots
in enabling technologies, with a share in top patenting regions of about 21% (down from about 29% ten years earlier). Such
regions appear to provide environments that are particularly conducive to business innovation. Much of the effort of policy
makers in other regions goes to replicating or nurturing the conditions present in the best-performing regions.

50. Innovation hotspots in ICT, biotechnologies and nanotechnologies, 1998-2000 and 2008-10

Regional comparative advantage by technology field, top patenting regions
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Source: OECD, REGPAT Database, June 2013. See chapter notes.
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How to read this figure

The world’s top 20 patenting regions in ICT, biotechnology and nanotechnology are presented. The size of the bubble represents the volume
of patent applications in all three fields in the two periods covered. Each region’s share in the country’s patents in the selected technology
fields is normalised to the region’s share in the country’s patents for all technologies. This corrects for the average likelihood of some regions
to patent more than others. Top patenting regions along the 45-degree line have an equal relative propensity to patent in ICT, on the one
hand, and in biotechnology and nanotechnology, on the other. Top patenting regions to the right of the x value = 1 are relatively more
specialised in these three technologies than in any other technology. For example, California is an innovation hotspot for ICT, biotechnology
and nanotechnology, with ICT the dominant field of specialisation.
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The changing landscape of innovation

Innovation for new markets

Because trademark registrations often accompany the launch of new products and services, trademark-based indicators
can point to the presence of incremental and marketing innovations. While trademark applications have increased over
time, the share of trademark applications related to service classes has remained stable or declined slightly over the last
decade in most OECD economies. In contrast, the share of service-related trademarks protected on both the European and
US markets by the BRIICS economies has increased since 2000-02. Trademarks in knowledge-intensive business services
account for the majority of service trademarks registered by all the economies considered, and especially in Brazil and the
United States. A breakdown of trademarks in knowledge-intensive services (KIS) helps reveal firms’ strategies in different
markets. R&D-related trademarks applied for by the G7 and the BRIICS economies appear relatively more likely to be
protected in the United States than in Europe, while the BRIICS have a relatively larger share of registrations of business-
services-related trademarks on the European market.

51. Service-related trademark applications at USPTO and OHIM, selected OECD and non-OECD economies,
2000-02 and 2010-12

As a percentage of total trademark applications
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Source: US Patent and Trademark Office Bulk Downloads: Trademark Application Text hosted by Google, May 2013; OHIM Community Trademark
Database CTM Download, May 2013. StatLink contains more data. See chapter notes.

StatLink =P http://dx.doi.org/10.1787/888932890257

52. Trademarks in knowledge-intensive services, selected OECD and non-OECD economies, 2010-12
As a percentage of total service-related trademark applications
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1. KNOWLEDGE ECONOMIES: TRENDS

Science and innovation today

Innovation everywhere

Indicators of triadic patents and of trademarks abroad suggest the worldwide spread of innovative activities, in terms of
both technological and non-R&D-based innovation. Economies featuring relatively large manufacturing sectors or speciali-
sations in information and communication technologies have a greater propensity to patent than to “trademark”. Econo-
mies with relatively larger services sectors tend instead to engage relatively more in trademark protection. Emerging
economies, although they are generally less likely to seek protection for their innovations via patents or trademarks than
OECD countries, increasingly rely on intellectual property protection to appropriate the results of their innovative activities.

53. Patents and trademarks per capita, 2000-02 and 2009-11

Average number per million population, OECD and G20 countries
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Source: OECD, Patent Database, June 2013; US Patent and Trademark Office Bulk Downloads: Trademark Application Text hosted by Google, May 2013;
OHIM Community Trademark Database CTM Download, May 2013; JPO, Annual Reports 2001-12, June 2013. See chapter notes.
StatLink SazP http://dx.doi.org/10.1787/888932890295

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 United
States 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 filing, trademark-based indicators can provide very timely information on the level of certain types of
innovative activities.
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Science and innovation today

Collaboration in scientific research

In the global landscape of scientific research, scientific output has grown rapidly and collaboration between institutions in
different countries has intensified. The emergence of new players has changed the structure of global collaboration net-
works.

54a. International collaboration networks in science, 1998
Whole counts of internationally co-authored documents
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Source: OECD calculations based on Scopus Custom Data, Elsevier, version 5.2012, June 2013. See chapter notes.

How to read these figures

The position of selected economies (nodes) exceeding a minimum collaboration threshold of 10 000 documents is determined by the number
of co-authored scientific documents published in 2011. A visualisation algorithm has been applied to the full international collaboration
network to represent the linkages in a two-dimensional chart on which distances approximate the combined strength of collaboration
forces. Bubble sizes are proportional to the number of scientific collaborations in a given year. The thickness of the lines (edges) between
countries represents the intensity of collaboration (number of co-authored documents between each pair).

The positions derived for 2011 collaboration data have been applied to 1998 values. New nodes and edges appear in 2011 as they exceed the
minimum thresholds.
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Science and innovation today

Collaboration in scientific research

China and several other economies have become increasingly integrated in the global science system. China accounted for
more than 74 000 collaborations in 2011 compared with only 9 000 in 1998. Over the period, its number of co-authored
documents with US-based institutions increased from nearly 2 000 to more than 22 000. The United States continues to be
at the centre of the international research network, accounting in 2011 for nearly 15% of all scientific collaborations

documented in peer-reviewed scientific publications.

54b. International collaboration networks in science, 2011
Whole counts of internationally co-authored documents
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Source: OECD calculations based on Scopus Custom Data, Elsevier, version 5.2012, June 2013. See chapter notes.
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Science and innovation today

The impact of scientific collaboration

The production of scientific research is progressively shifting from individuals to groups, from single to multiple institutions, and
from national to international. Because they draw on larger pools of expertise, international research collaborations are more
likely to have a bigger impact in terms of citations in subsequent scientific publications. Differences across countries suggest a
positive relationship between measures of scientific research collaboration and impact, the latter proxied in this case by the aver-
age normalised citation index. The relationship appears to be stronger in economies with lower scientific production, suggesting
the importance of scale, which smaller economies can overcome by participating in global networks.

55. The impact of scientific production and the extent of international scientific collaboration, 2003-11
Whole counts of internationally co-authored documents
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Source: OECD and SCImago Research Group (CSIC), Compendium of Bibliometric Science Indicators 2014, based on Scopus Custom Data, Elsevier, May 2013.
See chapter notes. StatLink &i=r http://dx.doi.org/10.1787/888932890314

How to measure the impact of scientific collaboration

To measure the impact of scientific publications it is possible to either 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 during 2003-11. 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, citing takes time, particularly in some
disciplines. A trade-off exists between the length of time over which citations are accounted for and the timeliness of the indicator: 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 documents 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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1. KNOWLEDGE ECONOMIES: TRENDS

Science and innovation today

Researchers on the move and their impact

Scientists are known to be highly mobile and internationally mobile scientists tend to publish in higher-quality journals
than their counterparts who stay in the same country throughout their research careers. New analysis of bibliometric data
unveils the mobility patterns of scientific authors. For a majority of economies, the median impact of scientists whose affil-
iation shifts abroad tends to be higher than for new arrivals. The performance gap between inflows and outflows is largest
for countries with relatively low average research performance. Causality could go both ways: high performers may be more
enticed than others by better prospects elsewhere, while mobility can also enhance their performance, especially when
moving to work in organisations with better resources and with leading experts.

56. The impact of internationally mobile scientists, inflows versus outflows, 1996-2011
Based on citation impact and changes in the affiliation of scientific authors
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Source: OECD calculations based on Scopus Custom Data, Elsevier, version 5.2012, and SNIP2 Database, www.journalmetrics.com, Elsevier, Scimago and
University of Leiden. May 2013. StatLink contains more data. See chapter notes.
StatLink Sa=m http://dx.doi.org/10.1787/888932890333

How to read this figure

The scientific impact of researchers moving across countries is proxied by a measure of the quality of the journals they publish in. SNIP
(source-normalised impact per paper) is the ratio of a journal’s average citation count per paper and the citation potential of its subject field.
The citation potential represents the likelihood of being cited for documents in a particular field. Impact is estimated by calculating, for each
author and mobility profile, the median across the relevant journals’ SNIP, over the entire period. An impact value higher than one means
that the median-attributed SNIP for authors of that country/category is above average.

Switzerland has the highest impact factor of incoming (inflows) and outgoing (outflows) authors and these are nearly identical. In Korea,
both types have higher impacts than the world average, but outflows have a higher citation impact than inflows (distant from the 45-degree
line). For India, the impact of outgoing researchers is above average whereas it is below average for incoming ones. The size of bubbles is
proportional to the degree of mobility among scientific authors in an economy, as reflected in the average of inflows and outflows over
1996-2011.
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Science and innovation today

Knowledge networks

The mobility of researchers contributes to the diffusion of scientific and technological knowledge across institutions, at a
national and international level. The trail of affiliation changes left by scientific authors in their scholarly publication
records provides a partial means of identifying the international network of researcher flows. As expected, leading research
countries tend to attract more scientific authors from abroad than they have authors who leave. Flows within each pair of
countries tend to be of a similar order of magnitude in both directions, suggesting the existence of complex patterns of
knowledge circulation representing the mobility of individuals at different stages of their careers, from students to estab-
lished professors. The international mobility network also displays a number of interesting patterns that reveal affinities
between different economies based on linguistic, historical as well as political and cultural linkages, such as the link
between Spain and Latin America countries.

57. International mobility network, 1996-2011
Counts of bilateral flows, by first and last affiliation
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Source: OECD calculations based on Scopus Custom Data, Elsevier, version 5.2012, June 2013.

How to read this figure

The position of selected economies (nodes) is determined by the number of bilateral flows of publishing scientific authors from 1996 to 2011.
A visualisation algorithm has been applied to the international mobility network to represent the linkages in a two-dimensional layout
where distances reflect the combined strength of mobility forces between economies. Bubble sizes are proportional to the number of
scientific authors who stay in the economy. The thickness of the arrows joining the nodes represents the number of moves between each
pair. A difference in the size of the arrow tip within each pair denotes a marked difference in the volume of flows in each direction.
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Science and innovation today

Innovation on the shoulders of science

Much can be learned from citations to scientific publications by patents in different technology areas. This new indicator
shows that patented inventions in biotechnology, pharmaceuticals, organic chemistry and analysis of biological materials
account for the majority of citations to scientific literature in patent documents. The life sciences - biology and biochemistry,
immunology, microbiology, molecular biology and genetics — and the medical sciences are the most frequently cited
scientific fields. Micro-structural technology and nanotechnology rely particularly on chemistry, materials science,
engineering and physics. Publications in the social sciences appear relevant to patents on IT methods for management,
alongside computer science, engineering, life and medical sciences. The diversity of scientific sources shows the impossi-
bility of identifying a single major scientific field for an invention in any area. It also reveals the fundamental interdiscipli-
narity and reliance on basic science for important advances in innovation.

58. The innovation-science link by technology area, 2001-11
Share of scientific fields in non-patent literature cited in patents
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Source: OECD and Japan Science and Technology Agency (JST), based on Thomson Reuters Web of Science, Derwent World Patents Index and Derwent
Patents Citation Index data, June 2013. See chapter notes.
StatLink SazPa http://dx.doi.org/10.1787/888932890352

What is a patent-science link?

The link between patents and scientific literature is based on the non-patent literature (NPL) listed as relevant references in patent
documents in the Thomson Reuters Derwent World Patents Index and Derwent Patents Citation Index databases. It is applied to patents in
selected technology areas, based on the International Patent Classification (IPC) codes in the patent document, which define technology
areas according to the classification presented in Schmoch (WIPO, 2008 revised in 2013). To identify whether NPL corresponds to a scientific
document, NPL references were matched to Thomson Reuters Web of Science Database, an index of scientific literature. For successfully
matched references, it is possible to extract bibliographical information, including on the field(s) of science.

How to read this figure

36% of citations to scientific literature in telecommunication patents are to articles in computer science and mathematics, 34% to
engineering science articles and 22% to physics-related articles.
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Science and innovation today

Openness in science and innovation

Collaboration among institutions is a pervasive feature of research in, and increasingly between, countries. This is
confirmed by an analysis of the affiliations and geographic locations of co-authors and co-inventors in scientific publica-
tions and patent documents. International co-authorship appears more widespread for scientific publications than for
patented inventions, except in India and Poland. The positive correlation between international scientific collaboration and
cross-border patent applications may signal the existence of common underlying factors. Smaller countries tend to have
higher rates of international collaboration. This may be partly due to the need to overcome limited domestic opportunities
for collaboration and, in some cases, to the possible proximity (not only geographical) to centres of knowledge located
abroad.

59. International collaboration in science and innovation, 2007-11
Co-authorship and co-invention as a percentage of scientific publications and PCT patent applications
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Source: OECD, Patent Database, June 2013; OECD and SCImago Research Group (CSIC), Compendium of Bibliometric Science Indicators 2014, based on Scopus
Custom Data, Elsevier, May 2013. See chapter notes.
StatLink Sa=m http://dx.doi.org/10.1787/888932890371

How to read this figure

International co-authorship of scientific publications is based on the share of articles featuring 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. For Switzerland, 60% of publications featuring Swiss institutions involve
co-authorship with institutions based abroad. For Japan, scientific co-authorship just exceeds 20% but this is still more than its level of
international patent co-invention, which stands at less than 5%. Most countries fall below the 45-degree line; this indicates that they have
more international scientific co-authorships than patent co-inventions.
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1. KNOWLEDGE ECONOMIES: TREND

Science and innovation today

Domestic and foreign ownership of inventions

Companies worldwide look at home and abroad for the knowledge and innovative capacity they need to become and remain
competitive. As a result, knowledge is increasingly owned and used in a different country from the one in which it was
developed. To use the knowledge and inventions of others, companies acquire the legal rights associated with intellectual
property (IP) rights, including patents. Differences in the owner’s and the inventor’s country of residence are often due to
the activities of multinationals: the owner is an international conglomerate and the invention is that of a foreign subsidiary.
The propensity to create knowledge and appropriate the returns to knowledge through IP varies across economies. Italy and
Sweden applied for a similar number of patents over 2009-11 and have a similar share of patents controlled by foreign firms
(about 21%), but they exhibit very different shares of inventions generated abroad, around 31% in Sweden and 8% in Italy. In
general, small open economies with a strong presence of multinationals are more likely to appropriate returns from knowledge
created elsewhere. Companies resident in Luxembourg, Switzerland and Ireland own a substantial proportion of inventions
generated abroad, but only up to a third of their patented inventions are owned by foreign firms. The reverse is true in
Poland, Hungary and India.

60. Cross-border ownership of patents, 2009-11
As a percentage of total patents by countries
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Source: OECD, Patent Database, June 2013. StatLink contains more data. See chapter notes.
StatLink si=P http://dx.doi.org/10.1787/888932890390

How to read this figure

Foreign ownership of domestic inventions is measured as the share of patents invented in one country that is owned by residents in another
country in total patents invented domestically. Domestic ownership of inventions from abroad is measured as the share of patents owned
by country residents with at least one foreign inventor in total patents owned by country residents. In Belgium the two measures are almost
identical. Some 38% of Belgian patents filed over 2009-11 are owned by foreign companies or individuals and about 38% of the patents in the
hands of Belgian residents were invented or co-invented by foreigners.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY SCOREBOARD 2013 © OECD 2013 65


http://dx.doi.org/10.1787/888932890390

ES: TRENDS AND FEATURES

Science and innovation today

Collaboration with new players

Geographical and cultural proximity influences international scientific collaboration. The widespread use of English and
information and communication technologies has helped to extend the scope of international research collaboration. While
Europe increases scientific collaboration in the European research area, the rest of the world reaches out to emerging econ-
omies. Co-inventions are an indicator 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 conditions of appropriability,
especially their IP regimes. International co-invention typically involves multinational corporations with units in several
countries and joint research ventures between firms and institutions of various types (e.g. universities, public research
organisations). While co-invention with the BRIICS continues to increase, it remains limited as only about 1.7% of European
patents and around 2.5% of US patents are co-invented with partners in BRIICS economies.

61. Scientific collaboration with BRIICS countries, 2001 and 2011
As a percentage of total international co-authored articles
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Source: OECD calculations based on Scopus Custom Data, Elsevier, version 5.2012, May 2013. See chapter notes.
StatLink SazPa http://dx.doi.org/10.1787/888932890409

62. Co-inventions with the BRIICS countries, 1991-2011
As a percentage of patents in each country or aggregate
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Source: OECD, Patent Database, June 2013. See chapter notes.
StatLink Si=m http://dx.doi.org/10.1787/888932890428
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Science and innovation today

Technology flows

The ownership of “higher-value” patents, i.e. triadic patent families, in non-OECD economies is increasing as competition
becomes global and the capacity of non-OECD countries to generate innovations and penetrate key OECD markets
increases. As they have developed, emerging economies have benefited to varying degrees from technologies and inno-
vations generated elsewhere. Patented technologies that were invented in Europe, Japan, Korea and the United States and
that are filed at patent offices of BRIICS economies bear witness to this. On average 40% of world inventions and over 45%
of Japanese inventions are protected in China; the technology flows are predominantly in the field of electrical and mechanical
engineering. The strategic behaviour of firms, the location of both subsidiaries and competitors, and the attractiveness of
emerging markets may help to explain the patterns observed.

63. Triadic patent families by blocs, 2001 and 2011
Share in total triadic patent families
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Source: OECD, Patent Database, June 2013. StatLink contains more data. See chapter notes.
StatLink &i=r http://dx.doi.org/10.1787/888932890447

64. Technology transfers to selected BRIICS, 2005-09
Share of patent families by origin of inventor and patent office of destination in total patent families
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Source: OECD calculations based on the Worldwide Patent Statistical Database, EPO, April 2013. StatLink contains more data. See chapter notes.
StatLink Sa=P http://dx.doi.org/10.1787/888932890466
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Science and innovation today

Internet and society

One of the primary uses of the Internet in everyday life is to find information. The search for health-related information
ranks among the top activities, with over 50% of users doing so. While cross-country differences are important, the data
suggest that in all countries and across all age cohorts women search more actively for such information, with a gender gap
of about 15 percentage points. The Internet is also increasingly used to search for employment: on average, almost one-
quarter of working-age Internet users seek job-related information on the Internet, with cross-country differences likely to
reflect labour market conditions and the opportunities offered by this channel. The diffusion of this activity is higher among
younger users, especially in the Nordic countries.

65. Gender differences in seeking health-related information on the Internet, 2011
Percentages of 16-74 year-old Internet users and of users by age group
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Source: OECD, ICT Database, June 2013; Eurostat; and national sources, May 2013. See chapter notes.
StatLink SazPa http://dx.doi.org/10.1787/888932890485

66. Age differences in seeking employment-related information on the Internet, 2011
Percentage of Internet users in working age population, by age group
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Source: OECD, ICT Database, June 2013; Eurostat; and national sources, May 2013. See chapter notes.
StatLink Si=m http://dx.doi.org/10.1787/888932890504
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Science and innovation today

Science and technology and society

Developments in science and technology have visible impacts on people’s lives. Surveys carried out across a large number
of countries indicate that the public has a mainly positive view of the impact of science and technology on their personal
well-being. However, the surveys do find that a significant fraction of the population has mixed or critical opinions as
regards the balance of the beneficial and harmful effects of scientific research. They also suggest that non-European countries
tend to have more positive views of science and technology.

67. Public perception of the impact of science and technology on personal well-being, 2010
“Science and technology are making our lives healthier, easier and more comfortable”
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Source: OECD, based on European Commission, US National Science Foundation and other national data sources. June 2013. See chapter note.
StatLink SazP http://dx.doi.org/10.1787/888932890523

68. Public perception of scientific research benefits, 2010
“Have the benefits of scientific research outweighed the harmful results?”
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Source: OECD, based on European Commission, US National Science Foundation and other national data sources, June 2013. See chapter notes.
StatLink SazPa http://dx.doi.org/10.1787/888932890542
Measuring public perceptions and engagement in science and technology

Surveys on the public perception and awareness of, and engagement in science and technology have been carried out in several countries.
A new OECD project is reviewing the methodological challenges faced by such surveys and their international comparability. Given the
methodological differences and potential biases that affect responses, results should be interpreted with caution.
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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 recognizes 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
Union:

“The Republic of Cyprus is recognised by all members of the United Nations with the exception of Turkey. The infor-
mation 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 or third
party. 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.”

1. Labour productivity growth based on hours worked, total economy level, 2001-12

Euro area here excludes Cyprus and Malta.

2. Growth in GDP per capita and GDP per person employed in the BRIICS and the OECD, 2007-09 and
2009-12

Calculations are based on GDP at constant prices, converted to USD using 2005 purchasing power parities. GDP for Brazil,
Indonesia and South Africa are from OECD, Quarterly National Accounts, April 2013. GDP for India is from OECD, Annual
National Accounts, April 2013; the series was extended after 2009 using OECD, Quarterly National Accounts, April 2013.

Employment estimates for Brazil, China, India and Indonesia are based on GGDC, Total Economy Database, January 2013.

Employment data for South Africa are from OECD, Annual National Accounts, April 2013; the series was extended after 2010
using GGDC, Total Economy Database, January 2013.

3. Job recovery across socio-economic groups, 2008 Q1-2012 Q4

The skill dimension is based on ISCED97 as follows: low-skilled (ISCED97 0/1/2), less than upper secondary education;
medium-skilled (IECD97 3/4), upper secondary education; high-skilled (ISCED97 5/6); tertiary education.

4. Harmonised unemployment rates, OECD, Euro area, United States and Japan, July 2008-April 2013

The OECD harmonised unemployment rates, compiled for all 34 OECD member countries, are based on the International
Labour Office (ILO) guidelines. The unemployed are persons of working age who, in the reference period: are without work;
are available for work; and have taken specific steps to find work.

Rates are seasonally adjusted.

Euro area here excludes Cyprus and Malta.

5. Net job growth, younger versus older firms, 2001-11

Establishments and firms that appear only for one year are excluded.

Mergers and acquisitions are not taken into account in determining firm age and firm exit.
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The shares are calculated as shares of total employment, job destruction and job creation.

Small firms have between 1 and 49 employees, medium firms have between 50 and 249 employees, and large firms have
more than 250 employees.

For Austria, data are at the establishment level.

For Japan, data are at the establishment level and refer to the manufacturing sector only.
For Austria, Italy, Luxembourg and Sweden, data refer to 2001-10.

For Brazil, data refer to 2002-10.

For France, data refer to 2002-07.

For Japan and New Zealand, data refer to 2001-09.

For Spain, data refer to 2003-09.

6. Employment, job creation and job destruction, by firm age and size, 2001-11

See notes under 5.

7. Employment, job creation and job destruction, manufacturing and services 2001-11

See notes under 5.

8. Where people lost their jobs, 2008-11

General note:

The aggregate activity groups are defined according to ISIC Rev.4 Divisions 01-03 (Section A), 05-39 (B-E), 41-43 (F), 45-56 G-I),
58-63 (), 64-68 (K-L), 69-82 (M-N) and 84-99 (O-U).

Additional notes:
For Australia, calendar year averages from the Quarterly Labour Force Survey (QLFS), June 2013. Finance, insurance and real
estate activities includes renting and hiring of machinery and equipment (77).

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

For Israel, estimates based on SNA employment data provided to OECD according to ISIC Rev.3. Professional, scientific,
technical and other business services (69-82) includes Information and communication (58-63) and Finance, insurance and
real estate activities (64-68).

For Japan, public administration, education, health and other services (84-99) includes Professional, scientific, technical and
other business services (69-82).

For New Zealand, data are based on employment estimates for fiscal years 2008/09 and 2011/12. Agriculture, forestry and
fishing (01-03) includes Mining and quarrying (05-09).

The OECD aggregate does not include Chile and Turkey.

9. Where people lost their jobs in Europe, 2011-12

See general note under 8.

10. Job creation and destruction in the information industries, 2008-11

To assess the effects of the economic crisis on employment across information industries, sectoral changes in levels of
employment can be “normalised” in order to highlight their relative contributions, within each country, to the total change
in information industry employment between 2008 and 2011. This is achieved, for each country, by expressing the sectoral
changes as a percentage of the sum of the absolute changes.

The four activity groups comprising “information industries” are defined according to ISIC Rev.4 Divisions 26 (CI), 58-60 (JA),
61 (JB) and 62-63 (JC) respectively.
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The gains and losses, in thousands, represent the sum of the aggregate sectors with positive changes and the sum of the
aggregate sectors with negative changes, respectively. With a finer activity breakdown (such as 3-digit ISIC Rev.4), the esti-
mates for total gains and losses could differ. For example, within the losses noted for Manufacture of computer, electronic
and optical products (26), certain (3- or 4-digit) activities may have experienced gains in employment.

The employment data are measured in terms of persons except for Canada and the United States where number of jobs is
the unit of measurement.

For Spain, IT and other information services (JC) includes Telecommunications (JB).

11. Change in the skill mix in Europe, services and manufacturing, 2011-12

Occupations are defined according to International Standard Classification of Occupations 2008 (ISCO-08). The following
major groups are used 1) Managers, 2) Professionals, 3) Technicians and associate professionals, 4) Clerical support workers,
5) Service and sales workers, 7) Craft and related trades workers, 8) Plant and machine operators and assemblers, and
9) Elementary occupations.

Craft and related trades workers includes ISCO-08 major group 6, Skilled agricultural, forestry and fishery workers, which
are reported by a few countries under manufacturing and business-sector services.

Manufacturing corresponds to ISIC Rev.4 (NACE Rev.2) Divisions 10-33 (Section C) while business-sector services cover
Divisions 45-82 (G-N).

12. R&D growth over the business cycle by source of financing, OECD area, 1982-2012

Business and government-financed R&D expenditures are subcomponents of gross domestic expenditure on R&D (GERD),
i.e. intramural R&D expenditures on R&D performed in the national territory. Funding sources are typically identified by the
R&D-performing units.

Estimates for government R&D budgets are based on GBAORD (government budget appropriations or outlays for R&D) data
for OECD countries with information available for 2012 (Denmark, Estonia, Finland, Germany, Greece, Hungary, Iceland, Ire-
land, Italy, Japan, Luxembourg, the Netherlands, New Zealand, Norway, Portugal, the Slovak Republic, Slovenia and the
United States). Rates of growth for this series only from 2008. Government budget data tend to be more timely but may not
coincide with R&D performer-reported funding by government, owing to factors such as differences between budgetary
plans and actual disbursements.

13. US GDP and trademark applications at the US Patent and Trademark Office, 2003-13

US GDP is based on the series of seasonally adjusted GDP, expenditure approach, in volume (chained volume estimates)
contained in the OECD Quarterly National Accounts Database, June 2013.

The following aggregated fields based on the Nice Classification are used: Health, pharma and cosmetics: classes 3, 5, 10 and
44; Leisure and education: classes 13, 15, 16, 28 and 41; Advertising and business services: classes 35, 36 and 45; ICT and
audiovisual: classes 9 and 38.

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 2013 for trademark
applications and to March 2013 for GDP. For more information on the methodology, see OECD (2012), “OECD System of
Composite Leading Indicators”, www.oecd.org/std/leading-indicators/41629509.pdyf.

The figure shows a peak around 2004 for the trademark series that does not correspond to 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.
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15. New enterprise creations, selected OECD countries, 2007-13

The trend cycle reflects the combined long-term (trend) and medium-to-long-term (cycle) movements in the original series.
For Australia, data exclude non-incorporated companies.
For Spain, data exclude natural persons and sole proprietors.

For the United States, data only refer to establishments with employees.

16. Trends in bankruptcies, 2007-11

For France, Norway and Spain, data refers to SMEs only.

17. Venture capital investment in the United States, 1995-2012 and in Europe, 1995-2010

Data for the United States refer to market statistics, data for Europe refer to industry statistics.

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

18. Venture capital exits in the United States and Europe, 2007-12

Trade sale refers to the sale of company shares to industrial investors.
Initial public offering refers to the sale or distribution of a company’s shares to the public for the first time.

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

19. Patents by technology fields, 1999-2011

The data refer to counts of patent applications filed under the Patent Cooperation Treaty (PCT), at international phase, by
priority date. Data for 2011 are estimates.

Patents in biotechnologies, nanotechnologies 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).

20. The dynamics of merchandise exports in OECD and non-OECD economies, 2000-11

Underlying values are in current USD. Data refer to manufactured goods and goods stemming from primary activities (i.e.
agriculture, fishing, forestry, mining and quarrying); a few utilities, such as electricity and some community services, are
also covered.

22. Worldwide collapse in exports, in gross value added terms between 2008 and 2009

Gross exports of goods and services are estimated from the underlying inter-country input-output (ICIO) system used to
produce the OECD-WTO Trade in Value Added (TiVA) indicators. Of necessity, the system requires consistent bilateral trade
matrices in which exports of products X from country A to B are equal to imports of products X by B from A. Efforts are made
to ensure consistency with aggregate exports and imports as reported in countries' National Accounts or Balance of
Payments statistics. However, because of the required balancing of global bilateral trade matrices, certain results may not
match countries’ perceptions of their trading patterns.
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23. Trends in world foreign direct investment flows, 1995-2011

From 2005, data refer to the definition of FDI of the 6th revision of the Balance of Payments Manual.

The OECD share in world total is based on the average of inward and outward FDI flows.

24. Decomposition of growth in GDP per capita, 2007-09 and 2009-12

Calculations are based on GDP at constant prices, converted to USD using 2005 purchasing power parities.
For Australia, estimates refer to fiscal years beginning 1st july.

For New Zealand, underlying GDP series refer to fiscal years beginning 1st April.

25. Gap in GDP per capita and GDP per person employed in the BRIICS, with respect to the United
States, 1997-2012

Calculations are based on GDP at constant prices, converted to USD using 2005 purchasing power parities.

26. Labour productivity growth in non-agricultural business sector before the crisis, 2001-07

General notes:

The contribution of each sector to aggregate labour productivity growth is computed as the difference between the growth
rate of real value added and that of hours worked, weighted by the sector’s share in total nominal value added and total
hours worked, respectively.

The aggregate activity groups are defined according to ISIC Rev.4 Divisions 05-39 (Sections B-E), 41-43 (F), 45-56 (G-I), 58-63 (J),
64-66 (K) and 69-82 (M-N) respectively. Total non-agriculture business sector thus includes all activities except ISIC Rev.4
Sections A: Agriculture, forestry and fishing (Divisions 01-03), L: Real estate (68), and O-U: Public administration, education,
health and other services (84-99).

Additional note:

Korean hours worked for 2001 are a Secretariat estimate which applies the 2004 industry distribution of hours worked to a
2001 total economy figure.

27. Labour productivity growth in non-agricultural business sector after the crisis, 2007-11

See general notes under 26.

28. Investment in fixed and knowledge-based capital, 2010

For Canada, Japan and Korea estimates refer to 2008.

Estimates refer to the business sector for all countries except Korea, for which estimates refer to the total economy. Value
added in the business sector is adjusted to include knowledge-based investments.

Data on knowledge-based capital (KBC) for Australia provided by L. Talbott; all data for Canada provided by J. Baldwin, W. Gu
and R. Macdonald; data on KBC and physical assets for members of the European Union, Norway and the United States
provided by the INTAN-Invest consortium led by C. Corrado, J. Haskel, C. Jona-Lasinio and M. lommi; all data for Japan
provided by K. Fukao and T. Miyagawa; data on KBC for Korea provided by H. Chun. Data on tangible investment for Australia,
Austria, Denmark, Finland, France, Ireland, Italy, Korea, Luxembourg, the Netherlands, Spain and Sweden and data on
adjusted value added for Australia, Korea, Luxembourg and Portugal are OECD calculations based on OECD and Annual
National Accounts Databases, May 2013.

74 OECD SCIENCE, TECHNOLOGY AND INDUSTRY SCOREBOARD 2013 © OECD 2013



1. KNOWLEDGE ECONOMIES: TREND

Notes and References

29. Change in business investment intensity between 2008 and 2010

Estimates refer to the business sector for all countries.

Data on knowledge-based capital (KBC) for Australia provided by L. Talbott; data on KBC and physical assets for members of
the European Union, Norway and the United States provided by the INTAN-Invest consortium led by C. Corrado, J. Haskel,
C.Jona-Lasinio and M. Iommi. Data on tangible investment for Australia, Austria, Denmark, Finland, France, Ireland, Italy,
Luxembourg, Netherlands, Spain and Sweden and data on adjusted value added for Australia, Luxembourg and Portugal are
OECD calculations based on OECD and Annual National Accounts Databases, May 2013.

30. Foreign value added content of exports, 1995

Regional aggregations are as follows:

ASEAN: Brunei Darussalam, Cambodia, Indonesia, Malaysia, the Philippines, Singapore, Thailand and Viet Nam. The aggregate
does not include Laos and Myanmar.

EU15: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, Portugal,
Spain, Sweden and the United Kingdom.

Other EU: Bulgaria, Cyprus, the Czech Republic, Estonia, Hungary, Iceland, Latvia, Lithuania, Malta, Norway, Poland, Romania, the
Slovak Republic, Slovenia and Switzerland.

Rest of the world (world excluding TiVA countries, see www.oecd.org/sti/ind/TiVA_Guide_to_Country_Notes.pdf).

For the regions ASEAN, EU15 and Other Europe, intra-regional trade is included. For example, the arrow from USA to EU15
includes USA value added embodied in EU15 countries’ exports to other EU15 countries.

This document and any map included herein are without prejudice to the status of or sovereignty over any territory, to the
delimitation of international frontiers and boundaries and to the name of any territory, city or area.

31. Foreign value added content of exports, 2009

See notes under 30.

32. Foreign value added content of exports, non-OECD economies, 2009

OECD calculated as a weighted average of OECD countries.

33 Service value added in manufacturing exports by industry, 1995 and 2009

The manufacturing activities covered are based on the following ISIC Rev.3 industries: 15-16 (Food products, beverages and
tobacco); 17-19 (Textiles, wearing apparel, leather and related products); 20-22 (Wood, paper products, printing and publish-
ing); 23-26 (Chemicals, pharmaceuticals, plastics and other non-metallic mineral products); 27-28 (Basic metals and fabri-
cated metal products); 29 (Machinery and equipment); 30-33 (Electrical and optical equipment); 34-35 (Transport
equipment); 36-37 (Other manufacturing and recycling).

Outliers were excluded from the computation of indices.

34. Foreign direct investment inflows, 1995-2000, 2001-06 and 2007-11

Data from 2005 to 2011 refer to the IMF (2009), Balance of Payments and International Investment Position Manual, 6th edition,
definition of FDI. Data prior to 2005 refer to the IMF (1993), Balance of Payments and International Investment Position Man-
ual, 5th edition definition of FDI.

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

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

Southeast Asia includes: Cambodia, Chinese Taipei, Hong Kong (China), Laos, Malaysia, Myanmar, the Philippines,
Singapore, Thailand and Viet Nam.
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35. Outward foreign direct investment flows from BRIICS, 2001-04, 2005-07 and 2008-11

For Indonesia, the 2001-04 average is not available.

The IMF (2009), Balance of Payments and International Investment Position Manual, 6th edition definition of FDI is used for
2005-07 and 2008-11, IMF (1993), Balance of Payments and International Investment Position Manual, 5th edition definition
for 2001-04.

36. Outward foreign direct investment flows from China, yearly average 2007-11

Offshore financial centres include Antigua & Barbuda, the Bahamas, the British Virgin Islands, the Cayman Islands, St Vincent &
the Grenadines, and Bermuda.

Southeast Asia includes Brunei Darussalam, Cambodia, Chinese Taipei, Indonesia, Laos, Macau, Malaysia, Myanmar, the
Philippines, Singapore, Thailand and Viet Nam.

37. Top 20 countries, total stock of foreign direct investment, 2012

Top 20 countries by the sum of inward and outward positions.
Countries are ranked by their inward position.

38. Composition of GDP in OECD and BRIICS economies, 2011

The major activity groups defined according to ISIC Rev.4 are: Market services: ISIC Divisions 45-82 (G-N); Non-market
services: 84-99 (O-U); Industry: 05-39 (B-E), i.e. Mining (05-09), Manufacturing (10-33) and Utilities (35-39); Construction:
41-43 (F); and Agriculture: 01-03 (A).

Value added is measured in basic prices except for Indonesia and Japan (market prices) and India and the United States
(factor costs).

For Australia data refer to the fiscal year ending June 2012.

For Brazil and Canada data refer to 2009.

For India data refer to the fiscal year ending March 2012.

For New Zealand data refer to the fiscal year ending March 2010.

39. Top 20 OECD and BRIICS economies reliant on natural resources, 2011

For Estonia, previous year data refer to 1995.

Total natural resources rents are the sum of oil rents, natural gas rents, coal rents (hard and soft), mineral rents, and forest
rents. Rents are estimated as the difference between the value of production at world prices and total costs of production,
including depreciation of fixed capital and return on capital.

40. Top manufacturers, 1990, 2000 and 2011

For Canada the 2011 share is based on a Secretariat extrapolation from official current price value added statistics available
up to 2009.

For China the 2011 share is based on an estimate calculated by the United Nations Statistics Division and derived by apply-
ing the average 2008-10 share of manufacturing value added to total industry value added published for 2011.

42. Exports from energy-intensive manufacturing industries, 2011

The five industries considered are those included in ISIC Rev.4 Divisions 17, 19, 20, 23 and 24.
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43. Biggest net CO, importers and net CO, exporters, 2009

Countries are listed by production-based CO, emissions, in descending order on the left-hand side, in ascending order on
the right-hand side.

44. R&D in OECD and key partner countries, 2011

Figures for researchers are in full-time equivalent units.

For Brazil, Chile and the Netherlands, data refer to 2010.

For Iceland, Indonesia and South Africa data refer to 2009.

For Switzerland, data refer to 2008.

For Greece, data refer to 2007.

For Australia, data refer to 2010 for R&D expenditures and 2008 for researchers.
For India, data refer to 2007 for R&D expenditures and 2005 for researchers.
For Canada, France and Germany, data for researchers refer to 2010.

For United States, data for researchers refer to 2007.

Data for Brazil are provided by Brazil’s Ministry of Science, Technology and Innovation. Data for India and Indonesia from
the Science & Technology Statistics collected and published by the UNESCO Institute for Statistics. Owing to methodological
differences, data for these countries may not be fully comparable with those for other countries.

45. Business R&D intensity and government support to business R&D, 2011
This is an experimental indicator. International comparability may be limited. For more information, see www.oecd.org/sti/
rd-tax-stats.htm.

For Australia, Belgium, Brazil, Chile, Ireland, Israel and Spain, figures refer to 2010. For China, Luxembourg and South Africa,
figures refer to 2009 and for Switzerland to 2008.

Estimates of direct funding for Belgium, France, Italy and Portugal are based on imputing the share of direct government-
funded BERD in the previous year to the current ratio of BERD to GDP. For Austria, the 2009 share is used for 2011. For Brazil,
the 2008 share, based on national sources, is used for 2010.

In Austria, Poland and South Africa, R&D tax incentive support is included in official estimates of direct government fund-
ing of business R&D. It is removed from direct funding estimates to avoid double-counting.

Estonia, Finland, Germany, Luxembourg, Mexico, New Zealand, Sweden and Switzerland did not provide information on
expenditure-based R&D tax incentives for 2011. For Israel the R&D component of incentives cannot be separately identified
at present.

Estimates do not cover sub-national and income-based R&D tax incentives and are limited to the business sector (excluding
tax incentive support to individuals). Data refer to estimated initial revenue loss (foregone revenues) unless otherwise
specified.

Estimates refer to costs of incentives for business expenditures on R&D, both intramural and extramural unless otherwise
specified. Direct support figures refer only to intramural R&D expenditures, except for Brazil.

Country specific notes are available at www.oecd.org/sti/rd-tax-stats.htm.

46. Global Internet Protocol (IP) traffic, 2005-13

VoD: video on demand. WAN: wide area network.
2013: estimates.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY SCOREBOARD 2013 © OECD 2013 77


http://www.oecd.org/sti/rd-tax-stats.htm
http://www.oecd.org/sti/rd-tax-stats.htm
http://www.oecd.org/sti/rd-tax-stats.htm

ONOMIES: TRENDS AND FEATURES

Notes and References

47. IPv6 deployment by country, November 2012

Data collected on 19 November 2012.

48. Mobile cellular and broadband penetration worldwide, 2001-11

OECD series are computed with OECD data.

For Brazil, China, India and World, data are from ITU for mobile subscriptions and from the United Nations for population.

49. University hotspots, geographical distribution of highest impact institutions, 2007-11

Other OECD includes Australia, Canada, Israel, Japan, Korea, Mexico, New Zealand, Norway and Switzerland.

Other EU (and OECD) includes Austria, Belgium, the Czech Republic, Denmark, Finland, France, Germany, Greece, Ireland,
Italy, the Netherlands, Poland, Portugal, Spain and Sweden.

Non-OECD includes Brazil, China, Chinese Taipei, Hong Kong (China), India, Iran, Lithuania, Malaysia, Singapore, South
Africa and Thailand.

50. Innovation hotspots in ICT, biotechnology and nanotechnology, 1998-2000 and 2008-10

Data relate to patent applications filed under the Patent Cooperation Treaty (PCT) in ICT, biotechnology and nanotechnology.
Patent counts are based on the priority date, the inventor’s region of residence and fractional counts. The regional break-
down used is the OECD’s Territorial Level 2.

51. Service-related trademark applications at USPTO and OHIM, selected OECD and non-OECD
economies, 2000-02 and 2010-12

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 refer to applications in classes 35, 36, 38 and 42 of the Nice Classification.
Trademarks in other services refer to applications in classes 37, 39, 40, 41, 43, 44 and 45 of the Nice Classification.

52. Trademarks in knowledge-intensive services, selected OECD and non-OECD economies, 2010-12

Shares of knowledge-intensive service trademarks are calculated using fractional counts of the classes designated in the
trademark application. The following classes of the 10th edition of the Nice Classification are covered: class 35, business
services; class 36, finance and insurance; class 38, telecommunications; and class 42, R&D.

53. Patents and trademarks per capita, 2000-02 and 2009-11

Patent families are counted using fractional counts and according to the earliest priority date (first patent application
worldwide) and the inventor’s country of residence.

Trademarks abroad are counted according to the application date and the address of the applicant.

55. The impact of scientific production and the extent of international scientific collaboration, 2003-11

The international institutional collaboration indicator is based on the proportion of documents involving institutional
affiliations with other countries or economies, as a proportion of documents attributed to authors with an affiliation in the
reference economy. Single-authored documents with multiple affiliations across boundaries can therefore count as institu-
tional international collaboration.
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56. The impact of internationally mobile scientists, inflows versus outflows, 1996-2011

International mobility of scientific researchers is inferred from authors listed in the Scopus Custom database of peer-
reviewed scientific publications with at least two documents during the reference period, based on changes in the location
of their institutional affiliation. Outflows are defined on the basis of their first affiliation. Inflows are defined on the basis
of the final affiliation and exclude individual authors who “return” to their original country of affiliation.

A proxy measure of scientific impact for researchers with different mobility patterns is estimated by calculating, for each
author and mobility profile, the median across the relevant journals’ Source-Normalized Impact per Paper (SNIP) over the
entire period. A SNIP impact value that is higher than one means that the median-attributed SNIP for authors of that coun-
try/category is above average.

58. The innovation-science link by technology area, 2001-11

To identify whether NPL corresponds to a scientific document, NPL references were matched to Thomson Reuters Web of
Science database, an index of scientific literature. For matched references, scientific domains correspond to Thomson
Reuters Essential Science Indicators 22-field classification (http://archive.sciencewatch.com/about/met/fielddef/). For presenta-
tional purposes, the fields are combined into a reduced set of 11 categories. Medical sciences encompasses clinical medi-
cine, neuroscience, psychiatry and psychology. Life sciences covers biology and biochemistry, immunology, microbiology,
molecular biology and genetics. Earth science includes geosciences and environment/ecology. Economics is included in
social sciences. Other items are as indicated.

59. International collaboration in science and innovation, 2007-11

International co-authorship of scientific publications is defined at institutional level. A scientific document is deemed to
involve an international collaboration if there are institutions from different countries or economies in the list of affiliations
reported by single or multiple authors. Estimates are based on whole counts from 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, the inventor’s country of residence and whole counts.

60. Cross-border ownership of patents, 2009-11
The data refer to counts of patent applications filed under the Patent Cooperation Treaty (PCT), at international phase, by
priority date, country and fractional counts.

61. Scientific collaboration with the BRIICS countries, 2001 and 2011

Numbers are based on whole counts.
North America includes the United States, Canada and Mexico.
Far East and Oceania includes Australia, Japan, Korea, Malaysia, New Zealand, Singapore and Thailand.

62. Co-inventions with the BRIICS countries, 1991-2011

Co-inventions are measured as the share of patent applications with at least one co-inventor located in a BRIICS country in
total patents invented domestically.

Data refer to counts of patent applications filed under the Patent Cooperation Treaty (PCT), at international phase, by prior-
ity date, inventor’s country of residence and whole counts.

63. Triadic patent families by blocs, 2001 and 2011

“Triadic” patent families refer to patents filed at the European Patent Office (EPO), the Japan Patent Office (JPO) and the
United States Patent and Trademark Office (USPTO) that protect the same invention. Patent counts are based on the priority
date, the inventor’s country of residence and fractional counts.

Data for 2011 are estimates.
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64. Technology transfers to selected BRIICS, 2005-09

Data refer to patent families, i.e. patents applied for at more than one patent office, one of which is among the following:
Canadian Intellectual Property Office (CIPO, Canada); Companies and Intellectual Property Commission (CIPC, South Africa);
Deutsches Patent- und Markenamt (DPMA, Germany); European Patent Office (EPO); Federal Service for Intellectual Property
(ROSPATENT, Russian Federation); Institut National de la Propriété Industrielle (INPI, France); Instituto Nacional de Propriedade
Industrial (INPI, Brazil); Japan Patent Office (JPO, Japan); Korean Intellectual Property Office (KIPO, Korea); State Intellectual
Property Office of the People’s Republic of China (SIPO, China); UK Intellectual Patent Office (UKIPO, United Kingdom); and
the United States Patent and Trademark Office (USPTO, United States).

Patents are allocated to technology fields using the International Patent Classification (IPC) codes and the classification pre-
sented in Schmoch (2008, revised in 2013). Patent counts are based on the earliest priority date, the inventor’s country of
residence and fractional counts.

65. Gender differences in seeking health-related information on the Internet, 2011

Except where otherwise stated, the recall period is three months.
Averages are calculated using data from available OECD countries for which data are strictly comparable.

The national source for the Russian Federation is the Institute for Statistical Studies and Economics of Knowledge, Higher
School of Economics (HSE) of the National Research University, May 2013.

For Canada, individuals aged 16 and over. Internet users are defined for a recall period of 12 months.
For Korea and New Zealand, data refer to 2012. Internet users are defined for a recall period of 12 months.
For Switzerland, data refer to 2010. Internet users are defined for a recall period of 6 months.

For the United States, data refer to May 2011 and are from the Pew Research Center. Percentages refer to adult Internet users
(aged 18 or more) who have ever looked on line for health or medical information. There is no recall period.

66. Age differences in seeking employment-related information on the Internet, 2011

The recall period is three months, except for Canada, Chile, Japan and Korea (12 months), and the United States, which has
no recall period (see note below).

The national source for the Russian Federation is the Institute for Statistical Studies and Economics of Knowledge, Higher
School of Economics (HSE) of the National Research University, May 2013.

For Canada, data refer to 2010 and to search for employment only. The recall period is 12 months.

For Chile, data refer to 2012. Calculations for 16-64 year-olds are based on population figures for the group of individuals
15-64 years old.

For Japan, data refer to 2012 with different age groups: 15-59 year-olds, 15-19 year-olds and 50-59 year-olds.
For Korea data refer to 2012.

For the United States, data refer to May 2011 and are from the Pew Research Center. Percentages refer to adult Internet users
(aged 18 or more) who have ever looked on line for information about a job. Internet users aged 18 or more instead of 16-64,
18-29 instead of 16-24 and 50-64 instead of 55-64.

67. Public perception of the impact of science and technology on personal well-being, 2010

For Japan and the Russian Federation, data refer to 2011.

For Korea, data refer to 2012.

For the United States, data refer to 2004.

For India, data refer to 2004.

Based on surveys conducted by means of face-to-face interviews. Results for Japan are based on web-based questionnaire.

Respondents in Japan, the Russian Federation and the United States were offered the following options (Strongly agree,
Agree, Disagree, Strongly disagree, Don’t know). Respondents in India were presented with three options (Agree, Disagree,
Don’t know). For Korea, only results for Strongly agree and Agree to some extent are available.
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National sources within the following publications:

China: Ministry of Science and Technology of the People’s Republic of China (2010). EU countries: European Commission
(2010). Japan: National Institute of Science and Technology Policy (2011). Korea: Korea Foundation for the Advancement of
Science and Creativity (2012). Russian Federation: National Research University — Higher School of Economics (2012). United
States: National Science Board (2012). India: National Science Board (2012).

68. Public perception of scientific research benefits, 2010

For Japan and the Russian Federation, data refer to 2011.
For Korea, data refer to 2006.
Based on surveys conducted by means of face-to-face interviews.

For Japan, Korea, the Russian Federation and the United States, respondents were invited to choose among the following
options: Benefits are much greater than harm, Benefits are slightly greater than harm, Benefits and harm are about equal,
Harm is slightly greater than benefits, Harm is much greater than benefits, and Don’t know.

For Brazil, respondents are asked to choose among the following options: Only benefits, More benefits than harm, Both
benefit and harm, More harm than benefits, Only harm, and Don’t know.

For EU countries and China, the question invited respondents to express their (dis)agreement with the statement, “The
benefits of science are greater than any harmful effects it may have”, by choosing among the following: Totally agree, Tend
to agree, Neither agree nor disagree, Tend to disagree, Totally disagree, Don’t know.

National sources within the following publications:

Brazil: Ministry of Science and Technology of Brazil (2010). China: Ministry of Science and Technology of the People’s Republic of
China (2010). EU countries: European Commission (2010). Japan: National Institute of Science and Technology Policy (2011).
Korea: National Science Board (2012). The Russian Federation: National Research University — Higher School of Economics
(2012). United States: National Science Board (2012).
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2. BUILDING KNOWLEDGE

1. Investment in knowledge

2. Human resources and knowledge-based capital
3. Learning for innovation

4. Skills for innovation

5. New doctorates

6. Doctorate holders

7. Researchers

8. R&D

9

. Higher education and basic research
10. Business R&D

11. R&D tax incentives

12. International funding of R&D

Notes and References

Investment in education, research and innovation generates the knowledge-based capital
that makes a key contribution to the productivity and competitiveness of nations. A new
experimental indicator identifies the occupations and employment of workers who add to
knowledge-based capital. A second set of indicators focuses on the role of education systems
in building competencies for innovation and positions countries with respect to the
performance of students from a young age and throughout the educational system. There is a
special focus on scientific skills, science and engineering degrees and doctorate holders, who
are specifically trained for research. Other indicators look beyond the educational system to
labour market outcomes, in particular for human resources in science and technology and
researchers. Still another 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, new estimates of
R&D tax incentives are combined with direct funding of R&D to provide a more complete
picture of the efforts made by governments to promote business R&D.
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Spending on higher education, 2000 and 2010
As a percentage of GDP
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1. Investment in knowledge

Education and research, along with innovation, are at the
heart of knowledge economies and drive long-term growth.
Investments in higher education (HE), R&D and new infor-
mation and communication technologies (ICT) complement
each other, empower human capital and provide the infra-
structure needed to address the many challenges that
societies face.

The proportion of GDP invested in HE varies substantially
across economies, as does the proportion spent on core
education services. In 2010 the United States, Canada and
Korea invested more than 2.5% of GDP in HE, but most OECD
economies invested less than 1.5%. Compared to 2000,
almost all economies have seen the share of HE expendi-
tures increase.

From 2001 to 2011, the R&D intensity of the OECD area
increased slightly from 2.2% to 2.4% of GDP. This aggregate
reflects a highly heterogeneous performance in the years
before and after the economic and financial crisis of 2008.
Economies as Korea, Portugal and Slovenia experienced an
increase in R&D intensity comparable to China’s, but R&D
intensity declined in Sweden and Canada.

In 2011 the share of ICT investment remained below its top
level of 2000 in nearly all OECD economies, confirming the
strong pro-cyclical behaviour of these expenditures. In rela-
tive terms investment in ICT decreased even more, owing to
the drop in spending on equipment, although the software
component maintained or slightly increased its weight in
GDP. This pattern largely reflects the overall decrease in unit
prices for ICT goods, and particularly for products with
higher local-service content, such as business software.

Definitions

Expenditure on higher education measures spending on
educational institutions by governments, enterprises
and private individuals. Higher education is the combi-
nation of tertiary-type A education (ISCED 5A), tertiary-
type B education (ISCED 5B) and advanced research
qualifications (ISCED 6). Core education services refer to all
services directly related to instruction (e.g. teachers,
buildings and teaching material). Other expenditures
comprise R&D expenditures, regardless of the source of
funding, and ancillary services.

Gross domestic expenditure on R&D (GERD) is the main
aggregate used for international comparisons of R&D
expenditures, with R&D defined according to the Frascati
Manual (OECD, 2002). When reported as a percentage of
GDP, GERD denotes the R&D intensity of an economy.

ICT investment is defined following the 1993 System of
National Accounts (SNA). It has three components: infor-
mation technology equipment (computers and related
hardware); communications equipment; and software.
Software includes acquisition of pre-packaged software,
customised software and software developed in-house.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY SCOREBOARD 2013 © OECD 2013


http://dx.doi.org/10.1787/888932890561

UILDING KNOWLEDGE

1. Investment in knowledge

Gross domestic expenditure on R&D, 2001 and 2011
As a percentage of GDP
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Source: OECD, Main Science and Technology Indicators Database, www.oecd.org/sti/msti.htm, June 2013. See chapter notes.
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ICT investment by asset, 2000 and 2011
As a percentage of GDP
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contains more data. See chapter notes.
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Measurability

Spending on higher education (HE) is shaped by factors such as age structure of the population, enrolment rates and teach-
ers’ salaries. HE expenditures are classified on the basis of data collected from institutions, rather than from funding
sources.

Data on R&D expenditures are collected through surveys of R&D-performing institutions and firms, often complemented
by administrative sources. R&D intensities reflect differences in economic structures, as industries vary in their propensity
to carry out R&D. Despite common guidelines, national R&D surveys follow different sampling and estimation methods. In
small economies, changes in R&D intensity can be overstated by one-off investments in R&D.

Expenditure on ICT products is considered investment in SNA only if these can be physically isolated. This may understate
the importance of ICT investment. Measuring investment in software is problematic, as its capitalisation in SNA is recent,
methodologies vary, and there are difficulties linked to its acquisition (e.g. rental and licence, embedded in hardware, or
developed on own account). Differences in the computation of data on telecom equipment can also affect comparability.
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Knowledge-based capital related workers, 2012
As a percentage of total employed persons
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Note: Workers contributing to R&D, design, software and database
activities and to firms’ organisational knowhow account for between 13%
and 28% of total employment in many OECD economiies (total length of the
bar). Of these workers, between 30% and 54% contribute to more than one
type of KBC asset (bar “overlapping assets”).
Source: OECD, based on United States Occupational Information Network
Database, US Current Population Survey and European Union Labour Force
Survey, June 2013. See chapter notes.
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2. Human resources and knowledge-based capital

Knowledge-based capital (KBC) is considered extremely
important for firms and countries as it relates positively to
value added, productivity and competitiveness. It consists
of assets lacking physical substance the value of which
stems from their knowledge content and lasting nature.
Because people are the main source and means to embody
such knowledge, human capital plays a key role in generat-
ing and accumulating KBC.

The OECD has developed an experimental methodology to
identify occupations that contribute to the formation of
KBC, in particular organisational capital (OC), computerised
information (CI), design, and research and development
(R&D). The occupations are selected on the basis of the
tasks workers perform on the job, the skills they apply, and
the level of knowledge of the subject area they rely on.
Several categories of workers are involved in more than one
type of KBC; this shows the need to look at KBC in its
entirety and to address the relationships (e.g. complemen-
tarities) among the different KBC assets.

KBC-related workers account for between 13% and 28% of
total employment in many OECD economies. Of these
workers, between 30% and 54% contribute to more than
one type of KBC asset, and, of these, between 30% to 50%
are involved in tasks related to the combination of R&D and
CIL. In particular, workers involved in CI, i.e. those dealing
with software and databases, are to various extents
involved in tasks related to all other KBC types considered.
OC-related occupations that do not overlap with other
assets conversely account for the single largest group of
employed persons (6% to 14% of total employment).

The proportion of KBC-related employment varies more
widely in manufacturing (between 12% and 37%) than in
services industries (21%-34%). The United States has the
most KBC-intensive manufacturing and the Nordic econo-
mies have among the most KBC-intensive services. There
are differences of up to 11 percentage points between the
two industry aggregates. Composition effects, technology
intensity, industrial specialisation and differences in the
content of occupations may explain these patterns.

Definitions

Four of the 12 assets identified in Corrado et al. (2009)
are considered here: CI, R&D, design and OC. Overlap-
ping assets refers to occupations contributing to more
than one KBC type. Occupations related to KBC are
defined on the basis of tasks performed, skills and
knowledge areas, using the United States Occupational
Information Network (O*NET) Database. Occupations
are defined according to the Standard Occupational
Classification (SOC, 2010) for the United States and to
the latest International Standard Classification of
Occupations (ISCO, 2008) for Europe. Figures for
employed persons refer to employees and self-employed
workers for the total economy in 2012.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY SCOREBOARD 2013 © OECD 2013


http://dx.doi.org/10.1787/888932890618

UILDING KNOWLEDGE

2. Human resources and knowledge-based capital

Workers contributing to more than one activity related to knowledge-based capital, 2012
As a percentage of employed persons related to more than one asset type
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Source: OECD, based on United States Occupational Information Network Database, US Current Population Survey and European Union Labour Force
Survey, June 2013. See chapter notes.
Statlink iz http://dx.doi.org/10.1787/888932890637

Employment contributing to knowledge-based capital by industry, 2012
As a percentage of all employed persons in the industry
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Source: OECD, based on United States Occupational Information Network Database, US Current Population Survey and European Union Labour Force
Survey, June 2013. See chapter notes.
StatlLink iz http://dx.doi.org/10.1787/888932890656

Measurability

KBC-related occupations are identified via cluster analysis and a distribution-based approach (Squicciarini and Le Mouel,
2012) using pooled O*NET data on the importance and level of tasks, skills and knowledge areas of workers. The cross-
sectional nature of O*NET does not allow for addressing changes in occupational profiles. The absence of O*NET-type sur-
veys for other countries hinders analysis of country-specific data. Here it is assumed that employees with corresponding
occupational titles perform identical tasks in the EU and the United States. The OECD is trying to develop country-specific
analysis by using data from the Programme for the International Assessment of Adult Competencies (PIAAC). SOC (2010)
occupations are translated into ISCO (2008) 4-digit classes to identify KBC-related occupations for the EU. Small differences
in the selection of KBC-related occupations are due to differences in the two classifications. Employment figures for the
United States are calculated on Current Population Survey (CPS) data. Employment figures for the EU are based on 3-digit
Labour Force Survey (LFS) data and rely on proportions drawn from CPS data.
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Science, reading and mathematics proficiency at age 15,
2009

Percentage of top performers
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Publishing. StatLink contains more data. See chapter notes.
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3. Learning for innovation

The rapidly growing demand for highly skilled workers
has led to global competition for talent. High-level skills
are critical for creating new knowledge, technologies and
innovation and, as such, are key to economic growth and
social development, and top-performing students in reading,
mathematics and science are likely to contribute to a
country’s future talent pool. Results from the 2009 OECD
PISA study show that, in the OECD area, 8.5% of students
were top performers in science, 7.6% in mathematics and
12.7% in reading. Economies with better performance in
mathematics and science often also invest more in R&D.
However, Israel has low PISA scores and a high R&D-to-
GDP ratio.

The difference between entry rates into university and
graduation rates at the qualifying secondary level may be
due to factors such as students coming to study from
abroad. High tuition fees may discourage qualified candi-
dates from remaining in education while limited employ-
ment opportunities may reduce the opportunity cost of
higher education. Graduation rates at tertiary level may be
low relative to entry rates in countries with longer
degrees.

Once in the workforce, individuals often engage in formal
adult education or training, sometimes sponsored by their
employers. A new indicator from the OECD PIAAC survey
shows a consistently positive relation between job-related
training and education and the level of workers’ skills, in
this case proficiency in problem solving in technology-rich
(e.g. computer-based) environments. This may reflect
decisions by employers to train employees with high
potential since much knowledge work is facilitated by the
use of ICT.

Definitions

Top performers are students proficient at level 5 or 6 of
the PISA assessment in the relevant subject. To
attain that level, students need more than 626, 607
or 633 points in reading, mathematics and science,
respectively. University education denotes tertiary-type
A education. Graduation rates are the estimated share
of an age cohort that will complete the relevant level
of education during their lifetime. Entry rates represent
the proportion of an age cohort that will enter a uni-
versity programme for the first time in their lifetime.
Job-related education and training refers to organised,
systematic education and training activities to obtain
knowledge and/or learn new skills for a current or a
future job, and generally to improve opportunities for
advancement and promotion. Problem solving in tech-
nology-rich environments in the PIAAC survey involves
testing the ability to use digital technology, communi-
cation tools and networks to acquire and evaluate
information, communicate with others and perform
practical tasks (OECD, 2009).
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Transition from upper secondary to graduation at university level, 2011
Graduation and entry rates
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Source: OECD (2013), Education at a Glance 2013: OECD Indicators, OECD Publishing. See chapter notes.
StatLink &a=r http://dx.doi.org/10.1787/888932890694

Participation in job-related education and training by level of problem solving in technology-rich environments, 2012
As a percentage of the adult population at the relevant proficiency level
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Source: OECD, Survey of Adult Skills Database, Programme for the International Assessment of Adult Competencies (PIAAC), April 2013. See chapter notes.
StatLink %= http://dx.doi.org/10.1787/888932890713

Measurability

The OECD Programme for International Student Assessment (PISA) assesses the extent to which students near the end of
compulsory education have acquired key knowledge and skills, with a focus on reading, mathematics and science. The
2009 survey was conducted in 34 OECD and 31 partner economies; 470 000 students aged 15 to 16 participated (OECD, 2010).

The calculation of graduation and entry rates on a net basis requires information that is not always available. In this
case, gross rates, which divide the total number of entrants or graduates by the population at the typical entry or
graduation age, are used. In Europe, the Bologna process for harmonising higher education systems may result in
limited comparability of education statistics during the transition.

Education and training participation rates are calculated on an adjusted adult population that excludes students who
have not completed their first formal cycle of education. Individuals aged 16 to 19 who recently completed or are
engaged in short-duration education or training at level ISCED 3C or below, as well as those aged 20 to 24 for
ISCED 3A,B,C, are included.
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Professionals and technicians, 2012
HRST as a percentage of total employment
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Source: OECD, based on European Labour Force Surveys, Eurostat,
July 2013; ILO Laborsta Database, July 2013; and national sources. See
chapter notes.
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4, Skills for innovation

Human resources in science and technology (HRST) play
a key role in innovation. In most OECD countries, profes-
sionals, associates and technicians - an occupation-based
proxy for HRST - represented more than a quarter of total
employment in 2010, with an EU average above 30%. In
Luxembourg, Denmark, Sweden and Switzerland, over 40%
of all employed individuals are in these occupations. The
split between professionals and technicians differs across
countries.

The industry structure of employment shows that HRST
are, in general, a little more prevalent in business sector
services than in manufacturing - with differences of about
4 and 7 percentage points in the EU and the United States
respectively. In France and Germany, however, shares of
these HRST workers are higher in manufacturing than in
business sector services while for a few other EU countries,
HRST shares in manufacturing are only slightly lower. This
partly reflects the skill intensity of manufacturing in these
countries, as well as in business sector services which are
highly diverse in terms of skills use.

Innovation requires a broad range of capabilities that
include but go beyond science and technology. Business
surveys can help to identify skills and competencies used
by firms and their relation to innovation. New innovation
survey data show significant differences in the use of inter-
nal or external skills between innovative and non-innovative
firms. Innovative firms are more likely to draw not only on
skills in engineering and applied science, but also on skills
in product design, graphics, advertising, market research,
software development and data management.

Definitions

Human resources in science and technology (HRST) are
defined in the Canberra Manual (OECD and Eurostat,
1995) as persons graduated at the tertiary level of edu-
cation or employed in a science and technology occu-
pation for which a high qualification is normally
required and innovation potential is high. In terms of
occupational data, HRST comprises Professionals (ISCO
Group 2) and Technicians and associate professionals
(ISCO Group 3) in physical and engineering science;
life sciences and health; teaching; and other areas.

In line with the Oslo Manual definition of innovation
(OECD and Eurostat, 2005), innovative enterprises engaged
during 2008-10 in activities related to the introduction
of new products, processes, organisational or market-
ing methods. Enterprises with ongoing and aban-
doned activities for product and process innovation
are included. Companies using innouvation-relevant skills
are defined as having employed individuals with skills
in areas such as product design, software develop-
ment, database management, or having secured such
skills from external sources, such as consultants.
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4, Skills for innovation

Professionals and technicians in business sector services and manufacturing, 2012
As a percentage of total employment in each industry group
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Source: OECD, based on European Labour Force Surveys, Eurostat, June 2013; and US Current Population Survey, March 2012. See chapter notes.
StatlLink izr http://dx.doi.org/10.1787/888932890751

Firms using innovation-relevant skills, 2008-10
As a proportion of innovative and non-innovative firms
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Source: Eurostat, Community Innovation Survey Database, July 2013. See chapter notes.
StatLink &= http://dx.doi.org/10.1787/888932890770

Measurability

ISCO-08 (International Standard Classification of Occupations 2008) is an international classification designed to produce
comparative official statistics. Adopted late in 2007, it replaced ISCO-88 (wwuw.ilo.org/public/english/bureau/stat/isco/
index.htm). Many countries maintain national classifications that are more detailed and may have different criteria for
defining occupations. Converting national classifications to ISCO for comparative purposes may lead to a loss or distortion
of information. As the process of adopting the new classification and developing appropriate conversion tables is still
under way, the scope for cross-country and longitudinal comparisons is currently reduced.

The primary focus of business innovation surveys is to identify the innovation outcomes and activities of firms, but
there is increasing interest in questions concerning firms’ innovation capabilities, and innovation-related skills in
particular. A voluntary module was introduced in the EU Community Innovation Survey 2010 on firms’ internal and
external skills and methods used to stimulate new ideas and creativity.
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2. BUILDING KNOWLEDGE

Graduation rates at doctoral level, 2000 and 2011
As a percentage of population in the reference age cohort
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Source: OECD, based on OECD (2013), Education at a Glance 2013: OECD
Indicators, and OECD Education Database, July 2013. See chapter notes.
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5. New doctorates

Doctoral graduates are key players in research and innova-
tion. They are specifically trained to conduct research and
are considered best qualified to create and diffuse scientific
knowledge.

While only a small proportion of students obtained
advanced research degrees in 2011, doctoral graduation
rates increased over the last decade in all countries except
Poland. In Switzerland, Sweden, Germany and Finland,
they were at least 2.5% of all population in the relevant age
cohorts. The increase was proportionally largest in the
Slovak Republic and New Zealand.

The growing presence of women in doctoral programmes
partly explains the overall increase in doctorates over the
past decade. In 2011, women received 47% of the OECD
average of doctoral degrees, up from 43% in 2006.

The largest share of new doctorates is in science (25%),
followed by health and welfare (20%). Science and engi-
neering degrees combined account for 40% of new doctor-
ates and social sciences and humanities for 36%. There are
significant variations among countries in the share of new
science and engineering degrees. Science accounts for
more than 40% of new doctoral degrees in Iceland, Chile
and France. Engineering represents up to one-quarter of
new doctoral degrees in Korea and Denmark. Women are
under-represented among new science and engineering
doctorates but outnumber men in health degrees.

On average over 2007-11, in the United States, China and
Germany, some 67 000, 48 000 and 26 000 individuals,
respectively, received doctoral degrees. Science and
engineering degrees represent more than 50% of the total
flow of new doctorates in Chile, France, China, Canada,
Ireland, Estonia and Israel.

Definitions

Doctoral graduates have attained the second stage of
university education and obtained a degree at ISCED-97
Level 6. They have successfully completed an
advanced research programme and gained an
advanced research qualification, e.g. a Ph.D. or equiva-
lent. The fields of education correspond to those
defined in the ISCED-97 classification.

Graduation rates represent the estimated percentage of
an age cohort that will complete a given level of edu-
cation during their lifetime. These are calculated as
net graduation 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 age of
graduation.
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5. New doctorates

Graduates at doctorate level, 2011

By field of education
[ Sciences Engineering, manufacturing and construction I Health and welfare I Humanities, arts and education
% [ Social sciences, business and law Il Services and agriculture <> Share of new science and engineering doctorates awarded to women
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Source: OECD, based on OECD Education Database and national sources, July 2013. See chapter notes.
StatlLink iz http://dx.doi.org/10.1787/888932890808

New doctorates in science and engineering, 2007-11
Countries with largest average annual counts
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Source: OECD, based on OECD Education Database and national sources, July 2013. StatLink contains more data. See chapter notes.
StatLink SazP http://dx.doi.org/10.1787/888932890827

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, and specifi-
cally on participation and completion rates for education programmes in more than 60 countries worldwide. A gradu-
ate of 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 pro-
grammes in the same year, or remaining at the same educational level over time, are other measurement challenges.
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Doctorate holders in the working age population, 2009
Per thousand population aged 25-64

Women Men
LUX
CHE
DEU
USA

GBR

CAN
ISL
FIN
FRA
NLD
AUS

NOR

All doctorate holders
(no breakdown between men and
women)

KOR

ESP

BEL

IRL

SVN

DNK

LTU

HUN

TWN

GRC

BLG

PRT

HRV

LVA

TUR

0 5 10 15 20 25 30
%D

Source: OECD, based on OECD/UNESCO Institute for Statistics/Eurostat
data collection on Careers of Doctorate Holders 2010; OECD Main
Science and Technology Indicators and OECD Education Attainment
Database, June 2013. See chapter notes.

StatLink Sa=m http://dx.doi.org/10.1787/888932890846
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An economy'’s ability to encourage research affects its
capacity to create new knowledge and stimulate innova-
tion. Increasing specialisation and rapid growth in scien-
tific production have made research professionals with
advanced research degrees a cornerstone of modern
science and innovation systems worldwide. There are
marked differences among countries in the share of indi-
viduals with doctorates. Luxembourg and Switzerland have
the largest shares in the working age population, partly
owing to a relatively large share of foreign doctoral gradu-
ates. Germany, the United States and the United Kingdom
also have high shares of doctoral graduates. The quality of
doctoral training and the possibility of rewarding research
careers are key factors in explaining these differences. In
most countries, women account for less than 40% of the
doctoral population, but there are significant differences by
field of science.

A majority of doctorate holders follow academic careers in
higher education. In countries for which data are available,
at least 50% work as researchers. While higher education is
the main institutional sector of employment for individu-
als with a doctorate, they are becoming more prevalent in
other sectors, particularly in countries with high R&D
intensity. Higher education accounts for a variable share of
doctorates, from around one-third in the Netherlands,
Denmark and Belgium, to nearly four-fifths in Poland and
Portugal. The government and business sectors alternate
as the second most important share. In Belgium, Denmark
and the United States, more than one out of three
employed doctorate holders works in the business sector.

Definitions

Doctorate holders are all residents of a country who
have completed the second stage of tertiary education
(ISCED-97 level 6) leading to an advanced research
qualification. Researchers are defined as in the OECD
Frascati Manual (OECD, 2002) as professionals engaged
in the conception and creation of new knowledge,
products, processes, methods and systems and
directly involved in the management of the projects
concerned. Employed doctorate holders are allocated
to the institutional sectors defined in the Frascati
Manual. The higher education sector may include private
and public corporations, as well as private not-for-profit
organisations. Similarly, the business enterprise sector
includes both public and private corporations. In some
countries, a considerable fraction of staff in hospitals
is included in the government sector.
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6. Doctorate holders

Doctorate holders working as researchers, 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, www.oecd.org/sti/cdh, June
2013. See chapter notes.

StatLink == http://dx.doi.org/10.1787/888932890865

Doctorate holders by sector of employment, 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, www.oecd.org/sti/cdh, June
2013. See chapter notes.

Statlink iz http://dx.doi.org/10.1787/888932890884

Measurability

The Careers of Doctorate Holders (CDH) project is a joint initiative of the OECD, UNESCO Institute for Statistics and Eurostat
to provide empirical evidence on the career path and performance of a population that plays a key role in generating and
diffusing new knowledge. The project has developed, with the help of an international expert group, a set of methodologi-
cal guidelines, a model survey questionnaire and templates for output tables. Owing to the need for comprehensive
national registers of doctorate holders, some countries use alternative data sources such as censuses, registers or labour
force surveys as the main source. The use of different methodologies may affect the coverage of the target population, the
availability of certain variables or the international comparability of the data. For example, data for France, Japan and the
United Kingdom are shown for recent doctoral graduates only. The project has used published tables and micro-data to
address some of these challenges and to investigate structural issues concerning the careers, mobility, competencies and
labour market performance of doctorate holders. For more information see www.oecd.org/sti/cdh.
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R&D personnel, 2001 and 2011

Per thousand employment
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Source: OECD, Main Science and Technology Indicators Database,
wwuw.oecd.org/sti/msti.htm, June 2013. See chapter notes.
StatLink Sazm http://dx.doi.org/10.1787/888932890903
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N

R&D efforts in OECD and key partner economies rely on
personnel engaged in R&D activities. The share of R&D
personnel in total employment, measured on a full-time
equivalent (FTE) basis, exceeds 2% in Iceland, Finland and
Denmark, about twice the EU average of 1.1%. Employment
of R&D personnel has risen over the last decade, mainly
owing to an increase in the number of researchers relative
to technicians and other R&D personnel. The share of
researchers in total R&D personnel varies widely, from 90%
in Portugal to 40% in Switzerland.

The business enterprise and the higher education sectors
are the main employers of researchers. The former leads
the latter in more than half of countries reporting esti-
mates, and its share is above 60% in Korea, Japan, Austria,
China, Denmark and Sweden. The sectoral distribution of
researchers and R&D expenditures reveals that higher edu-
cation is more researcher-intensive, owing to sectoral dif-
ferences in the relative importance of non-labour costs
such as investment in R&D equipment. Higher education
institutions account for more than a third of researchers in
a majority of countries.

Among countries for which data are available, the share of
women in the researcher population ranges from nearly
45% in Portugal, the Slovak Republic and Estonia to less
than 20% in Luxembourg and Germany. Higher education is
the main employer of female researchers, except in
Denmark and Sweden, where a majority work in the busi-
ness sector.

Definitions

Research and development personnel includes all persons
employed directly in R&D activities and therefore
covers technicians and support staff as well as
researchers. Researchers are defined as professionals
engaged in the conception and creation of new knowl-
edge, products, processes, methods and systems and
are directly involved in the management of projects.
R&D personnel and researchers are represented in
full-time equivalent units. A person working half-time
on R&D during the course of a given year is counted as
0.5 person year in FTE. FTE data are a more accurate
measure of the volume of human resources devoted to
research in a country than headcounts or jobs. For
international comparison purposes, R&D personnel
figures are normalised by total employment as
reported in the OECD National Accounts.
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7. Researchers

Researchers by sector of employment, 2011
As a percentage of total researchers, full-time equivalent
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Source: OECD, Research and Development Statistics Database, www.oecd.org/sti/rds, June 2013. See chapter notes.

StatLink &i=r http://dx.doi.org/10.1787/888932890922

Female researchers by sector of employment, 2011
As a percentage of female researchers, full-time equivalent
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Measurability

Production of internationally comparable estimates of R&D personnel is fraught with difficulties. These are a focus of
attention for the current revision of the Frascati Manual (OECD, 2002). For example, methods used to calculate FTE units
may vary not only from country to country but also across sectors within countries, owing to differences in the data
sources used to estimate R&D in each sector. Estimating FTEs is particularly challenging in the higher education sec-
tor, as many researchers typically engage in other activities, such as teaching or administrative tasks, some of which
are at the boundary of R&D. In the business sector, staff providing information on financial resources have difficulty
answering questions on R&D personnel, so that questionnaires need to be shared with human resource departments
with limited information on the nature of R&D projects. At present, no reliable up-to-date estimates on R&D personnel
and its components are available for a number of OECD countries.
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R&D expenditure, by performing sectors, 2011 Expenditure on research and development (GERD) is one of
the most widely used measures of innovation input. The
. . — - sectoral structure of the R&D performed in a country can be

B0 Business enterprises %% Higher education . . .
- , particularly revealing of the relative strengths and weak-

Government 772 Private non-profit LT . .
ness of its innovation system. The business sector accounts
for the largest share of R&D performed in most economies
and for 67% in the OECD area. Israel’s business sector
makes the largest contribution to GERD, with nearly 80% of
total R&D; it is closely followed by Japan and Korea. Higher
CHN B35 education R&D accounts for nearly 17% of total OECD
SUN e GERD.

At nearly 12%, government plays a relatively minor role as
performer of R&D. However, it is a major funder of R&D
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more weight to basic and applied research. With relatively
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of activities: Basic research is experimental or theoretical
work undertaken to acquire new knowledge of the
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Direct government funding of business R&D, 2001 and 2011

As a percentage of R&D performed in the business sector
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Source: OECD, Main Science and Technology Indicators Database, www.oecd.org/sti/msti.htm, June 2013. See chapter notes.
StatLink SazP http://dx.doi.org/10.1787/888932890979

Gross expenditures on research and development, by type of R&D, 2001 and 2011
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Source: OECD, Research and Development Statistics Database, www.oecd.org/sti/rds, June 2013. See chapter notes.
StatLink SazP http://dx.doi.org/10.1787/888932890998

Measurability

Institutions that perform R&D are often located at the boundaries of categories within traditional classification sys-
tems. For example, university hospitals or research institutes that cannot be unequivocally assigned to government,
higher education or business require judgement by national authorities that collect and report national R&D data. The
OECD Frascati Manual provides a decision tree to minimise the likelihood of classifying institutions with similar
functions in different sectors. It also provides guidance on separating R&D activities (basic and applied research and
experimental development) from other innovation or S&T-related activities. For some countries, data by type or
character of R&D are available for current as opposed to total expenditures, or are only available for some institu-
tional sectors. The identification of flows of funds requires a direct transfer of resources for the performance of R&D
by a given unit. The existence of subcontracting and intermediaries challenges the identification of the ultimate
source of funds. The guidance contained in the Frascati Manual is currently being revised by the OECD; see
www.oecd.org/sti/frascatimanual.
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9. Higher education and basic research

Higher education expenditure on R&D, 2001 and 2011
As a percentage of GDP
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Most basic research is performed in universities and in
public research organisations. Total higher education
spending on R&D (HERD) accounts for 0.4% of GDP in the
OECD area and has increased in most countries over the
last decade. Denmark and Sweden have the highest
research intensities in the higher education sector at close
to 0.9% of GDP. HERD intensity in Denmark, Estonia, the
Czech Republic, the Slovak Republic and Portugal has
nearly doubled over the last 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 research funding, while
project-based funding can promote competition and target
strategic areas. This distinction is addressed by an experi-
mental indicator on modes of public funding for the higher
education sector. Results differ widely and reflect the insti-
tutional settings of countries’ research systems. In
Denmark, Israel, New Zealand, Austria and Germany, insti-
tutional funding is the principal mode, while Belgium and
Korea rely mainly on project funding.

On average, units in the government and higher education
sector perform more than three-quarters of all OECD basic
research. The higher education sector’s contribution to
basic research ranges from 80% in Denmark to approxi-
mately 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

The higher education sector comprises universities and
other tertiary education institutions, independently
of their sources of finance or legal status. It also
includes research institutes, experimental stations
and clinics operating under the direct control or in
association with higher education institutions.

Project R&D funding is defined as funding attributed on
the basis of a project submission by a group or indi-
viduals for an R&D activity that is limited in scope,
budget and time. Institutional R&D funding is defined as
the general funding of institutions with no direct
selection of R&D projects or programmes.

Basic research is experimental or theoretical work
undertaken primarily to acquire new knowledge of
the underlying foundation of phenomena and observ-
able facts, without any particular application or use in
view.
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9. Higher education and basic research

Government funding of R&D in higher education, by type of funding, 2010
As a percentage of national funding of domestic R&D
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Note: This is an experimental indicator. International comparability is currently limited.
Source: OECD, based on data collected from national authorities in 2010 and 2013. See chapter notes.
StatLink == http://dx.doi.org/10.1787/888932891017

Basic research performed in the higher education and government sectors, 2011
As a percentage of domestic expenditures on basic research
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Source: OECD, Research and Development Statistics Database, www.oecd.org/sti/rds, June 2013. See chapter notes.
StatLink Si=r http://dx.doi.org/10.1787/888932891036

Measurability

The higher education sector is not a formal sector in the System of National Accounts (SNA). It is separately identified by
the OECD and other organisations because of the important and specific role played by universities and related insti-
tutions in the performance of R&D and the training of researchers (doctorates and other research degrees). Measurement
of higher education R&D (HERD) relies on dedicated institutional surveys in most OECD countries, and it is particularly
sensitive to institutional differences that influence the data that universities and departments are able to provide.

Project-based funding to higher education includes national R&D contracts, while institutional funding to higher educa-
tion includes general university funds (GUF) and other institutional funds. The OECD project on modes of public fund-
ing of R&D has been developing new indicators by exploiting existing budget data. As part of the ongoing revision of
the Frascati Manual, a number of options for updating recommendations are being considered in order to improve the
measurement of higher education R&D and government funding of R&D across the whole economy.
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Business enterprise expenditure on R&D, 2001 and 2011
As a percentage of GDP
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wwuw.oecd.org/sti/msti.htm, June 2013. See chapter notes.
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10. Business R&D

Business enterprise expenditure on research and develop-
ment (BERD) is an important driver of innovation and
economic growth. During the last decade, business R&D in
the OECD area grew steadily from 1.55% of GDP in 2001 to a
peak of 1.63% in 2008 and declined slightly to 1.59% in 2011.
BERD intensity rose significantly in Estonia, Korea, Slovenia
and China, but declined in Canada, Luxembourg, the
Slovak Republic and Sweden.

A country’s R&D is generally concentrated in a limited
number of large firms. In some countries, however, small
and medium-sized firms (SMEs) account for a significant
share of the total business R&D effort. This may be due to a
relatively large body of SMEs or to SMEs that perform a
large amount of R&D (such as specialised R&D units that
are part of a larger group). The share of SMEs in total BERD
ranges from more than two-thirds in Estonia and New
Zealand, to around 10-15% in the United States and
Germany, to less than 5% in Japan.

Foreign-controlled affiliates also play an important role in
domestic R&D. In 2009-10 they accounted for more than
one-fifth of total business R&D in most OECD countries for
which data are available, and in some smaller open econo-
mies, their share exceeded half of BERD, reaching 62% in
Israel and almost 70% in Ireland. However, for the two
OECD economies with the largest volume of BERD, the
share of foreign affiliates is relatively low: 14.8% in the
United States and 6.3% 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 and is arguably most closely linked to
the creation of new products and production tech-
niques. According to the Frascati Manual (OECD, 2002),
the business enterprise sector includes “all firms,
organisations and institutions whose primary activity
is the production of goods and services (other than
higher education) for sale to the general public at an
economically significant price [and] the private non-
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 determine its
strategy.
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10. Business R&D

Business R&D by size class of firms, 2011
As a percentage of R&D performed in the business sector
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Source: OECD, Research and Development Statistics Database, www.oecd.org/sti/rds, June 2013. See chapter notes.
StatLink &= http://dx.doi.org/10.1787/888932891074

R&D expenditures incurred by foreign-controlled affiliates, 2009
As a percentage of R&D performed in the business sector
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Source: OECD, Activity of Multinational Enterprises Database, www.oecd.org/sti/ind/amne.htm and Eurostat Inward FATS Database, June 2013. See chapter
notes.

StatLink Si=r http://dx.doi.org/10.1787/888932891093

Measurability

The comparability of BERD data over time may be affected by a number of factors, including changes in survey meth-
ods, notably the sectoral extension of survey coverage and the reclassification of units to/from the business sector. In
order to identify new and occasional R&D performers, countries generally construct a register of known performers
which is updated regularly with the use of different sources. These vary among countries and include official business
registers, other business surveys (e.g. innovation), administrative information (e.g. data on grants or tax credits, pat-
ents), or publicly available sources (e.g. media announcements, company databases). There are some concerns regard-
ing the comparability of BERD data, as firms face growing challenges for reporting their intramural R&D expenditures
adequately in BERD surveys owing to differences in their internal accounting systems and other frameworks (e.g. R&D
tax credits) and the complexity of their R&D sourcing strategies (e.g. joint projects, outsourcing, on/off-site consul-
tants, intra-firm transfers). These issues are being addressed as part of the ongoing revision of the Frascati Manual.
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Direct government funding of business R&D and tax
incentives for R&D, 2011

As a percentage of GDP
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Note: This is an experimental indicator. International comparability may
be limited. For more information, see www.oecd.org/sti/rd-tax-stats.htm.
Source: OECD, based on OECD R&D tax incentives questionnaire, publicly
available sources, and OECD, Main Science and Technology Indicators
Database, www.oecd.org/sti/msti.htm, June 2013. See chapter notes.
StatLink Sasm http://dx.doi.org/10.1787/888932891112

106

*

11. R&D tax incentives

In addition to providing grants, contracts and loans, many
governments contribute to business R&D through tax
incentives. In 2013, 27 OECD countries gave preferential tax
treatment to business R&D expenditures. In 2011, the
Russian Federation, Korea, France and Slovenia provided
the most combined support for business R&D as a percent-
age of GDP. R&D tax credits were worth USD 8.3 billion in
the United States, followed by France and China.

Over 2006-11, the importance of tax incentives vis-a-vis
direct support increased in 11 out of 23 countries for which
complete data are available. Their share of support fell in
many countries owing to the crisis-driven decline in busi-
ness R&D. Mexico and New Zealand abolished their tax
incentives but Finland introduced them in 2013. Falling
profits at the outset of the economic crisis also reduced
firms’ ability to claim incentives.

National differences in the cost of R&D tax incentives
reflect eligibility rules and their use by firms, which
depends not only on R&D spending but also on profitability.
Effective tax subsidy rates are influenced by business char-
acteristics. Australia, Canada, France, Japan, Korea, the
Netherlands, Norway and Portugal give more generous
treatment to SMEs relative to large firms. Some countries
allow firms to benefit from tax incentives when they are
not profitable enough to use them in the current period,
but few do so to a significant extent. In Austria and Norway,
refunds by authorities effectively allow such firms to bene-
fit from incentives as if they were profitable. Refunds and
carry-forward provisions are sometimes used to promote
R&D in firms that could not otherwise use their credits or
allowances. Such provisions tend to be more generous for
SMEs and younger firms, as in Australia, France and the
United Kingdom.

Definitions

Tax incentives for business R&D expenditures include
allowances and credits, as well as other forms of
advantageous tax treatment such as allowing for the
accelerated depreciation of R&D capital expenditures.
Estimates here exclude income-based incentives —
preferential treatment of incomes from licensing or
asset disposal attributable to R&D or patents — and
incentives to taxpayers other than companies. Figures
refer to incentives applied at a national level through
corporate income taxes, employer social security con-
tributions and withholding taxes for R&D personnel.
Personal and consumption tax incentives are not
included. While typically non-discretionary, some
countries require pre-approval of R&D projects or
accreditation by government agencies or third parties.

The tax subsidy rate is 1 minus the B index, a measure
of the before-tax income needed to break even on
USD 1 of R&D outlays (Warda, 2001).
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11. R&D tax incentives

Change in government support for business R&D through direct funding and tax incentives, 2006-11
As a percentage of total support, and annualised growth rates in constant PPPs

Tax incentive share of government funds for R&D, 2011 [ Tax incentive share of government funds for R&D, 2006
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Note: This is an experimental indicator. International comparability may be limited. For more information, see www.oecd.org/sti/rd-tax-stats.htm.
Source: OECD, based on OECD R&D tax incentives questionnaires, January 2010, June 2011 and June 2013, publicly available sources, and OECD, Main
Science and Technology Indicators Database, www.oecd.org/sti/msti.htm, June 2013. See chapter notes.

StatLink SazP http://dx.doi.org/10.1787/888932891131

Tax subsidy rates on R&D expenditures, 2013
1-B index, by firm size and profit scenario
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Note: This is an experimental indicator. International comparability may be limited. For more information, see www.oecd.org/sti/rd-tax-stats.htm.
Source: OECD, based on OECD R&D tax incentives questionnaire and publicly available sources, June 2013. See chapter notes.
StatLink &a=r http://dx.doi.org/10.1787/888932891150

Measurability

There are several ways to measure the value of R&D tax provisions. Tax expenditures are deviations from a benchmark tax
system (OECD, 2010) and countries use different national benchmarks. The 2013 OECD questionnaire adopted a common
reference framework based on full deductibility of current R&D expenditures and a country’s baseline treatment of capital
investments. Available estimates are typically in terms of initial revenue loss, with no or minimal adjustments for behav-
iour effects. Some only report claims realised in a given year, while others report losses to government on an accrual basis,
excluding claims referring to earlier periods and including claims for current R&D to be used in the future.

The B-index traditionally assumes that the “representative firm” is taxable and enjoys the incentive’s full benefit. An
adjusted B-index is reported for a firm unable to claim tax benefits in the reporting period. When credits or allowances
are fully refundable, the B-index of a company in such position is identical to the profit scenario. Carry-forwards are
modelled as discounted options to claim the incentive in the future, assuming a constant annual probability of returning
to profit of 50% and a nominal discount rate of 10%.
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wwuw.oecd.org/sti/msti.htm, June 2013. See chapter notes.
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12. International funding of R&D

Business enterprise R&D funded from abroad, 2011
As a percentage of business enterprise R&D

Companies draw on a variety of funding sources for their
R&D projects: own funds, funding from other enterprises
(domestic or foreign, affiliated or not) and from public insti-
tutions (government and higher education), and interna-
tional organisations. R&D funded from abroad includes
R&D performed by subsidiaries of foreign-owned companies,
R&D undertaken under contract on behalf of companies
based abroad or research grants from international organi-
sations. On average, funding from abroad plays quite an
important role in the funding of business R&D. In the EU, it
represented around 10% of total business enterprise R&D in
2010. The weight of foreign multinationals in the economy
and in the domestic production of technology matters: in
Austria, the United Kingdom and Ireland, funds from
abroad represented 20% or more of total business R&D, and
over 50% in Israel.

In most countries, the financing of business enterprise
R&D from abroad comes mainly from other business enter-
prises. Among 21 countries for which data are available,
only Poland, the Russian Federation and Turkey report that
foreign businesses contribute less than 40% of the total
foreign funds for R&D, mainly because of funding from the
EU and other international organisations.

For the R&D funds reported as coming from foreign enter-
prises, 18 countries are able to distinguish intra-group
funding from funding from non-affiliated firms. In almost
all, affiliated enterprises account for the largest share; the
exceptions are Korea, where two-thirds of foreign R&D
funding comes from non-affiliated enterprises, and Slovenia,
where enterprises in the same group account for a negligible
share of the funding reported to come from abroad.

Definitions

R&D surveys collect information from R&D performers
about the sums a unit has received or will receive from
another party for the performance of R&D during a
specific period. Companies are asked to provide a
breakdown of their R&D expenditures according to the
sources of funds. These can be either internal or
received from units belonging to the different sectors
specified in the Frascati Manual (OECD, 2002), one of
which is “Abroad”. This consists of all non-resident
institutions and individuals located outside the politi-
cal 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. Affiliated enterprises are
enterprises in a direct investment relationship includ-
ing their subsidiaries.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY SCOREBOARD 2013 © OECD 2013


http://www.oecd.org/sti/msti.htm
http://dx.doi.org/10.1787/888932891169

.

ILDING KNOWLEDGE

12. International funding of R&D

Business enterprise R&D funded from abroad, by source of funds, 2011
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Source: OECD, Research and Development Statistics Database, www.oecd.org/sti/rds, June 2013. See chapter notes.
StatLink SazP http://dx.doi.org/10.1787/888932891188

Funding of business R&D by foreign enterprises, 2011
As a percentage of funds from abroad
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Source: OECD, Research and Development Statistics Database, www.oecd.org/sti/rds, and national sources, June 2013. See chapter notes.
StatLink Si=r http://dx.doi.org/10.1787/888932891207

Measurability

The increasing internationalisation of R&D and other economic activities makes it difficult to identify accurately
inflows and outflows of R&D funds between companies and the precise nature of these flows. R&D surveys are used
to collect statistics on international flows of funds for R&D but they mainly focus on domestic intramural perfor-
mance. Therefore, in most countries little or no information is collected on the foreign R&D activities of multinatio-
nals. Furthermore, it is very difficult to collect accurate information on the size and economic nature of cross-border
R&D flows between firms, as multinationals’ practices regarding R&D, including its funding and the exploitation of the
resulting intellectual outputs, tend to reflect strategies to minimise tax liabilities. The ongoing revision of the Frascati
Manual aims to strengthen the links between R&D and globalisation statistics and to address the needs of the System
of National Accounts (SNA); see www.oecd.org/sti/frascatimanual.
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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 recognizes 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 of the European Union Member States of the OECD and the European
Union:

“The Republic of Cyprus is recognised by all members of the United Nations with the exception of Turkey. The infor-
mation 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 or third
party. 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.”

Spending on higher education, 2000 and 2010

Estimates for Canada refer to 2009. Estimates for Chile refer to 2011.
Estimates for Brazil, Canada, Hungary, Ireland, Italy, Poland, Portugal and Switzerland refer to public institutions only.

Core educational services include all expenditures directly related to instruction: all expenditures on teachers, school build-
ings, teaching materials, books, and administration of schools. Other expenditures include ancillary education expendi-
tures, such as housing, meals and transport provided by institutions, and R&D expenditures at higher education
institutions. The breakdown of total expenditures is not available for Argentina, Denmark, Iceland, Japan and the Russian
Federation.

Gross domestic expenditure on R&D, 2001 and 2011

For Australia, data refer to 2002 and 2010 instead of 2001 and 2011.
For Chile and the Netherlands, data refer to 2010 instead of 2011.

For Iceland and South Africa, data refer to 2009 instead of 2011.

For Luxembourg, data refer to 2000 instead of 2001.

For Switzerland, data refer to 2000 and 2008 instead of 2001 and 2011.

ICT Investment by asset, 2000 and 2011

For Australia, data refer to 2008.

For Denmark and the United Kingdom, data refer to 2009.

For Ireland, Japan, New Zealand, Portugal and Switzerland data refer to 2010.
For the Slovak Republic, data refer to 2004 instead of 2000.

For Denmark, communication equipment is included under IT equipment.

National sources (used only for investment data) include the National Statistical Institutes of Canada, Denmark, Germany,
Japan, the Netherlands, New Zealand, Switzerland, the Central Bank of Korea, the United States Bureau of Economic
Analysis (BEA).
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General notes for all figures:

Identification of occupations that relate to knowledge-based capital (KBC) is based on survey results from the Occupational
Information Network Database of the United States Bureau of Labor Statistics. Results for the United States are based on the
Standard Occupational Classification system (SOC, 2010) and those for the other countries are based on the International
Standard Classification of Occupations (ISCO, 2008). Therefore, the selection of KBC-related occupations slightly differs
between the United States and the other countries.

Additional notes:
Knowledge-based capital related workers, 2012 and;
Workers contributing to more than one activity related to knowledge-based capital, 2012

The category “Overlapping assets” refers to all employed persons who are related to more than one knowledge-based asset.

Transition from upper secondary education to graduation at the university level, 2011

Upper secondary graduation rates include students who graduated at the ISCED 3A, 3B and 3C levels for Portugal, the United
Kingdom and the United States and from ISCED 4A programmes “Berufsbildende hohere Schulen” for Austria.

Gross upper secondary graduation rates for China, Germany, Japan, Korea, the Russian Federation, Spain, Switzerland and
the United Kingdom.

Gross entry rates into tertiary education for China.

Gross graduation rates at the tertiary level for Japan, Turkey and the United States.

Participation in job-related education and training by level of problem solving in technology-rich environments, 2012

Participation in adult education and training is calculated by excluding students who are considered to be still in their first
formal cycle of studies. However, those aged 16 to 19, who recently completed or are still in a programme of short duration
at ISCED 3C or below, are considered adult learners. Similarly, those aged 20 to 24 who recently completed or are still at
ISCED 3A,B,C or below are considered adult learners.

On the basis of their test results, respondents are assigned a proficiency level. “Below Level 1” is the lowest level and corre-
sponds to a score of less than 241 points out of 500 (12.3% of respondents). “Level-3” is the highest level and corresponds to
a score of more than 340 points out of 500 (5.8% of respondents). “No ICT experience/ Failed core ICT test” corresponds to
respondents whose ICT skills were insufficiently developed to take the computer-based test and whose problem-solving
skills were not evaluated (22.8% of respondents).

Professionals and technicians, 2012

“Professionals” and “Technicians and associate professionals” are defined according to the International Standard Classifi-
cation of Occupations 2008 (ISCO-08) major groups 2 and 3 respectively, except for Australia, Brazil, Canada, Chile, China,
India, Indonesia, Israel and the Russian Federation, for which the corresponding ISCO-88 groups are reported.

For Australia, Brazil, Canada, Chile, India, Indonesia, Israel, Mexico, the Russian Federation and South Africa, data are drawn
from the Laborsta Database maintained by the International Labour Organization (ILO).

For China, data are drawn from China’s Labour Statistical Yearbook 2012.

For India, data refer to the period July 2011-June 2012 covered by the Indian National Sample Survey, Ministry of Statistics
and Program Implementation, June 2013.

For the United States, data refer to March 2012, based on the Current Population Survey (CPS). CPS data were converted from
US 2010 census codes to 1-digit ISCO-08 major groups via published correspondences with US 2010 Standard Occupational
Classification (SOC) codes.

For Brazil, data refer to 2009.
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For Canada, Chile, Indonesia, Israel, Mexico and the Russian Federation, data refer to 2010.

For China, data refer to 2011.

Professionals and technicians in business sector services and manufacturing, 2012

The occupations considered here correspond to major groups 2, “Professionals”, and 3, “Technicians and associate profes-
sionals” of the International Standard Classification of Occupations 2008 (ISCO-08).

Manufacturing refers to the ISIC Rev.4 (NACE Rev.2) Divisions 10-33 (Section C) while Business sector services cover Divi-
sions 45-82 (G-N).

Data refer to total employment (including self-employed).

For the Netherlands data refer to 2011.

For the United States, data refer to March 2012, based on the Current Population Survey (CPS). CPS data were converted from
US 2010 census codes to 1-digit ISCO-08 major groups via published correspondences with US 2010 Standard Occupational
Classification (SOC) codes.

Firms using innovation-relevant skills, 2008-10

Estimates are based on the voluntary, ad-hoc module in the EU Community Innovation Survey 2010 on the skills available
in enterprises and on methods to stimulate new ideas and creativity. The indicator corresponds to the percentage of firms
in the relevant innovation category responding affirmatively to the question: “During the three years 2008 to 2010, did your
enterprise employ individuals in-house with the following skills, or obtain these skills from external sources?”

Innovative enterprises had innovation activities during 2008-10, relating to the introduction of new products, processes,
organisational or marketing methods. This includes enterprises with ongoing and abandoned activities for product and pro-
cess innovation. The question on innovation-relevant skills also applies to non-innovative enterprises.

Estimates are based on firms with in “core” NACE Rev.2 economic activities (B, C, D, E, G46, H, J58, J61, J62, J63, K and M71).

Graduation rates at doctorate level, 2000 and 2011

For Australia, Canada, France, Iceland and Indonesia data refer to 2010.

Because of the increasing harmonisation of programme durations among European countries within the Bologna Process,
some countries have seen rapid changes in their graduation rates.

General notes:
Graduates at doctorate level, 2011 and;
New doctorates in science and engineering, 2007-11

For Brazil, China, Norway and South Africa, data are based on national sources: for Brazil, Capes Database, Ministry of
Education of Brazil, July 2013; for China, Ministry of Education of the Peoples’ Republic of China, Educational Statistics
website, July 2013; for Norway, the Nordic Institute for Studies in Innovation, Research and Education (NIFU), June 2013; and
for South Africa, Higher Education Management and Information System (HEMIS), South African Department of Higher
Education and Training, July 2013.

For Brazil, China and South Africa, an approximate conversion of nationally available information was carried out to map
to the ISCED-1997 classification of fields of study.

For Norway, data are based on NIFU’s Doctoral Degree Register, which also includes “Licentiate” degrees (equivalent to a
doctorate degree).

Additional notes:
Graduates at doctorate level, 2011

For Australia, Canada, France and Iceland, data refer to 2010.
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New doctorates in science and engineering, 2007-11

Owing to data availability by field of education, data refer to the 2007-10 average for Australia, Canada and France; 2009-11
average for China; and the average of the years 2005, 2006 and 2011 for Italy.

Doctorate holders in the working age population, 2009

For Chinese Taipei, data only include PhDs in the National Profiles of Human Resources in Science and Technology
(NPHRST) compiled by STPI, NARL, http://hrst.stpi.narl.org.tw/index.htm#noticeChinese.

For Australia and Canada, data refer to 2006; for Finland, data refer to 2008.

For Korea, OECD estimates based on national sources. Data refer to 2010.

General notes:

Doctorate holders working as researchers, 2009 and;

Doctorate holders by sector of employment, 2009

For Belgium, the Netherlands and Spain, data refer to graduation years 1990 onwards.

For Spain, there is limited coverage of graduates who received their doctorate between 2007 and 2009.
For the United States, data exclude those with a doctorate in the humanities.

Recent doctorates (right-hand side bars) are defined as follows: France, 2006/07 graduates between March and July 2010;
Japan, 2002-06 graduates in April 2008; United Kingdom, 2006/07 graduates in November 2010.

Additional notes:
Doctorate holders working as researchers, 2009

For Norway, the figure is a lower bound estimate.

For Japan, Norway, Poland, Romania and the United States, data refer to 2008; for France and the United Kingdom, data refer
to 2010.

Doctorate holders by sector of employment, 2009

For Chinese Taipei, data only include PhDs in the National Profiles of Human Resources in Science and Technology
(NPHRST) compiled by STPI, NARL, http://hrst.stpi.narl.org.tw/index.htm#noticeChinese. Doctorate holders working in the busi-
ness sector are under-represented.

For the Russian Federation, data relate only to doctoral graduates employed as researchers and teachers.
For Denmark, Japan, Poland and the United States, data refer to 2008; for France and the United Kingdom, data refer to 2010.

R&D personnel, 2001 and 2011

For Australia, 2002 and 2008 instead of 2001 and 2011.

For Austria, 2002 instead of 2001.

For Canada, Chile, EU28, France, Germany and the Netherlands, 2010 instead of 2011.
For Iceland and South Africa, 2009 instead of 2011.

For Luxembourg, 2000 instead of 2001.

For Switzerland, 2000 and 2008 instead of 2001 and 2011.

Researchers by sector of employment, 2011

For Australia and Switzerland, data refer to 2008.
For Austria, Belgium, Germany, Iceland, Luxembourg and South Africa, data refer to 2009.
For Canada, Chile, France, Hungary and the Netherlands, data refer to 2010.
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Female researchers by sector of employment, 2011

For Austria, Belgium, Denmark, Germany, Iceland, Luxembourg, South Africa and Sweden, data refer to 2009.
For Chile, Italy, France, Hungary, Portugal and Spain, data refer to 2010.

R&D expenditure by performing sectors, 2011

For Australia, Chile and the Netherlands, data refer to 2010.

For Iceland and South Africa, data refer to 2009.

For Switzerland, data refer to 2008.

For Israel, defence R&D is partly excluded from available estimates.

For Hungary, total GERD combines survey data and data from the central budget on R&D support. It includes R&D expendi-
tures that cannot be attributed to a specific sector on a performance basis.

For the Netherlands, expenditures in the private non profit (PNP) sector are included in the government sector.
For the Slovak Republic, defence is excluded from the government sector.

For the United States, capital expenditures are excluded from R&D performed in the business, higher education and PNP
sector. Government is federal or central government only.

Direct government funding of business R&D, 2001 and 2011

For Australia, Chile, EU28, France, Israel, Italy, the Netherlands, Portugal and Spain, data refer to 2010 instead of 2011.
For Austria, data refer to 2002 and 2009 instead of 2001 and 2011.

For Belgium, Iceland and South Africa, data refer to 2009 instead of 2011.

For China, data refer to 2000 instead of 2001.

For Luxembourg, data refer to 2000 and 2009 instead of 2001 and 2011.

For Switzerland, data refer to 2000 and 2008 instead of 2001 and 2011.

In Austria, “research premium” funding is part of direct government funding since 2006. In previous R&D surveys (reference
years 2002 and 2004) it was not listed as a separate source of funds.

For Israel a substantial part of defence R&D funding is not reported.

Gross expenditures on research and development, by type of R&D, 2001 and 2011

Shares by type of R&D are based on total GERD, except for Chile, Estonia, Norway, Poland, the Russian Federation, Spain and
the United States. For these countries, estimates are based on current R&D estimates as complete records with capital costs
are not available.

Data refer to 2001 and 2011 except for Australia (2002, 2008), Austria (2002, 2009), Chile (2010), Denmark (2003, 2010), France
(2001, 2010), Iceland (2001, 2009), Ireland (2002, 2011), Israel (2001, 2010), Italy (2005, 2010), Mexico (2003, 2009), Portugal
(2001, 2010), the Russian Federation (2001, 2010), South Africa (2001, 2009), Spain (2001, 2010), Switzerland (2000, 2008), the
United Kingdom (2010) and the United States (2001, 2010).

Estimates for Austria, France, Hungary and Japan are based on R&D expenditures for which a breakdown by type of R&D is
available: non-classified R&D accounts for 2.0%, 3.8%, 1.6% and 4.6% of the total, respectively. For Austria, R&D expenditure
of provincial hospitals is estimated and no breakdown is available by type of R&D. For France, data by type of R&D for
defence are not available. For Hungary, total GERD combines survey data and data from the central budget on R&D support,
including R&D expenditure that cannot be allocated by type of R&D. For Japan, classification by type of R&D for natural
sciences and engineering is limited to physical sciences, engineering, agriculture and health expenditures.

Higher education expenditure on R&D, 2001 and 2011

General university funds (GUF) estimates identify the component of general grants received by the higher education sector
that are ultimately used for R&D. Estonia, Poland and the United States report no relevant grants fitting the GUF description.
No estimates are available for China, the Czech Republic, Germany, Hungary, Korea, Luxembourg, Mexico, the Netherlands,
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Portugal and Turkey. The GUF figures correspond to the same reference year as HERD, or, in their absence, are based on
shares for the most recent available year: Canada, France, Spain (2010), Belgium and Israel (2009).

For Australia, data refer to 2002 and 2010 instead of 2001 and 2011.
For Austria, data refer to 2002 instead of 2001.

For Chile and the Netherlands, data refer to 2010 instead of 2011.

For Iceland and South Africa, data refer to 2009 instead of 2011.

For Switzerland, data refer to 2002 and 2010 instead of 2001 and 2011.

R&D in the social sciences and humanities are not included in estimates for Israel (2001 and 2011) and Korea (2001).

Government funding of R&D in higher education, by type of funding, 2010

For Canada, Denmark, Israel, the Netherlands, New Zealand and Poland, data refer to 2008.

Basic research performed in the higher education and government sectors, 2011

Data refer to the sum of current and capital expenditures, except for Chile, Estonia, Norway, Poland, the Russian Federation,
Spain and the United States, for which only current costs are included in estimates reported to the OECD.

For Australia and Switzerland, data refer to 2008.

For Austria, Iceland, Mexico and South Africa, data refer to 2009.

For Chile, Denmark, France, Israel, Italy, Portugal, the Russian Federation, Spain, the United Kingdom and the United States
data refer to 2010.

For Israel and Switzerland, most expenditures on defence R&D are not reported or are excluded from the government sector.
For Switzerland and the United States, the government sector refers to the federal or central government only.

For Israel higher education excludes R&D in the social sciences and humanities.

Business enterprise expenditure on R&D, 2001 and 2011

For Australia, Chile and the Netherlands, data refer to 2010 instead of 2011.
For Austria, data refer to 2002 instead of 2001.

For Iceland and South Africa, data refer to 2009 instead of 2011.

For Luxembourg, data refer to 2000 instead of 2001.

For Switzerland, data refer to 2000 and 2008 instead of 2001 and 2011.

Business R&D by size class of firms, 2011

National statistical agencies use different minimum thresholds for inclusion in R&D surveys and estimates. There are vari-
ations in the definition of small and medium-sized firms. Small firms (fewer than 50 employees): for Belgium, 1-49 employ-
ees; for the United States, 5-49 employees; for Luxembourg, the Netherlands and Sweden, 10-49 employees. For Japan, the
survey excludes firms with capital of less than JPY 10 million.

For Australia, Canada, Chile, France, Germany, Italy, the Netherlands, Portugal, Spain, the United Kingdom and the United
States, data refer to 2010.

For Austria, Belgium, Denmark, Luxembourg and Sweden, data refer to 2009.
For Switzerland, data refer to 2008.

R&D expenditures incurred by foreign-controlled affiliates, 2009

Financial intermediation excluded for the Czech Republic, Israel, Japan and Poland.

Community, social and personal services excluded for the Czech Republic and Poland.

For Finland, Hungary, the Netherlands, Slovenia and Spain, only sections B to F of ISIC Rev.4 are covered.
For Japan, data refer to majority and minority foreign-controlled affiliates.

For Australia, Canada, France, Italy, the United Kingdom and the United States, data refer to 2010.
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For Switzerland, data refer to 2008.
For Norway, Portugal and the Slovak Republic, data refer to 2007.

Direct government funding of business R&D and tax incentives for R&D, 2011

For Australia, Belgium, Brazil, Chile, Ireland, Israel and Spain, data refer to 2010. For China, Luxembourg and South Africa,
data refer to 2009 and for Switzerland to 2008.

Estimates of direct funding for Belgium, France, Italy and Portugal are based on imputing the share of direct government-
funded BERD in the previous year to the current ratio of BERD to GDP. For Austria, the 2009 share is used for 2011. For Brazil,
the 2008 share, based on national sources, is used for 2010.

In Austria, Poland and South Africa, R&D tax incentive support is included in official estimates of direct government fund-
ing of business R&D. It is removed from direct funding estimates to avoid double-counting.

Estonia, Finland, Germany, Luxembourg, Mexico, New Zealand, Sweden and Switzerland did not provide information on
expenditure-based R&D tax incentives for 2011. For Israel the R&D component of incentives cannot be separately identified
at present.

Estimates do not cover sub-national and income-based R&D tax incentives and are limited to the business sector (excluding
tax incentive support to individuals). Data refer to estimated initial revenue loss (foregone revenues) unless otherwise
specified.

Estimates refer to costs of incentives for business expenditures on R&D, both intramural and extramural unless otherwise
specified. Direct support figures refer only to intramural R&D expenditures, except for Brazil.

Country specific notes available at www.oecd.org/sti/rd-tax-stats.htm.

Change in government support for business R&D through direct funding and tax incentives, 2006-11

Results restricted to countries providing information on expenditure-based R&D tax incentives for four or more years
between 2006 and 2011. A minimum 2% threshold for the tax incentive share of government support for R&D (2011 or latest
year) is applied to ensure reliable estimates of growth rates.

For Australia, Belgium, Ireland and Spain data refer to 2010 instead of 2011. For South Africa data refer to 2009 instead of
2011.

For Belgium, Denmark, Korea, Mexico and Slovenia data refer to 2007 instead of 2006. For Turkey data refer to 2008 instead
of 2006. For New Zealand figures for tax incentives refer to 2008 instead of 2006, and for direct government support for BERD,
figures are an average of 2007 and 2009 values.

Mexico and New Zealand repealed tax incentive schemes in 2009. In 2008, the cost of R&D tax support amounted to
MXN 4 500 million in Mexico and to NZD 103 million in New Zealand.

Estimates of direct funding for Belgium, France, Italy and Portugal in 2011 are based on imputing the share of direct govern-
ment-funded BERD in the previous year to the current ratio of BERD to GDP. The same applies to the Netherlands for 2006.
For Austria, the 2009 share is used for 2011.

In Austria, Poland and South Africa, R&D tax incentive support is included in official estimates of direct government fund-
ing of business R&D. It is removed from direct funding estimates to avoid double-counting.

Estonia, Finland, Germany, Luxembourg, Mexico, New Zealand, Sweden and Switzerland did not provide expenditure-based
R&D tax incentives for 2011. For Israel the R&D component of incentives cannot be separately identified at present.

Estimates do not cover sub-national and income-based R&D tax incentives and are limited to the business sector (excluding
tax incentive support to individuals). Data refer to estimated initial revenue loss (foregone revenues) unless otherwise specified.

Estimates refer to the costs of incentives for business R&D expenditures, both intramural and extramural unless otherwise
specified. Direct support figures refer only to intramural R&D expenditures, except for Brazil.

Country specific notes available at www.oecd.org/sti/rd-tax-stats.htm.
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Tax subsidy rates on R&D expenditures, 2013

The tax subsidy rate is calculated as 1 minus the B-index, a measure of the before-tax income needed to break even on
USD 1 of R&D outlays (Warda, 2001). It is based on responses from national finance/tax/innovation authorities and R&D statisti-
cal agencies to the OECD questionnaire on R&D tax incentives and also draws on other publicly available information.

Benchmark tax data information, including statutory corporate income tax rates, is obtained from the OECD Tax Database, basic
(non-targeted) corporate income tax rates, May 2013.

Estimates allow for differences in the treatment of the various components of R&D expenditures: current (labour, other
current) and capital (machinery and equipment, facilities/buildings) expenditures. A common 60:30:5:5 percentage distribution
of labour, other current, machinery and equipment, and building expenditures is applied based on average estimates for
OECD countries (www.oecd.org/sti/rds).

Expenditures on capital assets used for R&D are depreciated over their useful life, using a straight-line or declining balance
depreciation method, as applicable. Estimates of the net present value of provisions relating to R&D capital expenditures
are based on multiple sources of information about the benchmark tax treatment of capital expenditures. Estimates of tax
subsidy rates are fairly robust to different choices of sources and methodologies because of the small weight of this compo-
nent in eligible R&D expenditures.

R&D tax allowances are deducted from taxable income while R&D tax credits are applied against corporate income tax pay-
able (as also for payroll withholding tax incentives and wage taxes). Tax benefits are treated as taxable when appropriate
(e.g. Canada).

The model excludes incentives related to personal income, value added, property taxes as well as taxes on wealth and
capital and other forms of direct government support (grants and subsidies).

Unless otherwise specified, figures refer to “representative” firms in their class for which caps or ceilings that limit the
amount of eligible expenditures or tax support are not applicable.

The B-index for the profit scenario assumes that the “representative firm” generates a sufficiently large profit to achieve the
incentive’s full potential benefit. An adjusted B-index is reported for a loss-making firm that is unable to claim tax benefits
in the reporting period, using an adjusted effective tax rate that takes into account refundability and carry-forward
provisions.

Refunds are generally modelled as immediate and full payment of tax incentive claims unless excess claims are payable
over time and require discounting.

Carry-forwards are modelled as discounted options to claim the incentive in the future, assuming a constant annual
probability of returning to profit of 50% and a nominal discount rate of 10%.

For simplicity, loss-making firms are assumed to enjoy an infinite carry-forward of standard deductions of current R&D
expenditures and depreciation expenses arising from the use of machinery, equipment and buildings in R&D, unless expen-
ditures are refundable.

The definitions of SMEs and large firms vary across countries and may also vary over time.

Estimates are not included for some countries that provide expenditure-based R&D tax incentives as these lack sufficient
detail to carry out calculations for representative firms in the relevant categories.

Figures for Germany, Israel, Luxembourg, Mexico, New Zealand, Sweden and Switzerland, which apply no special treatment
to R&D, reflect the value (or lack thereof) of available allowances for current and capital expenditures.

Country specific notes available at wwuw.oecd.org/sti/rd-tax-stats.htm.

Business enterprise R&D funded from abroad, 2011

For Australia, Chile, the EU28, France, Israel, Italy, Portugal and Spain, data refer to 2010.
For Austria, Belgium, Iceland, Luxembourg, the Netherlands and South Africa, data refer to 2009.
For Switzerland, data refer to 2008.
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Business enterprise R&D funded from abroad, by source of funds, 2011

“Other/Not elsewhere classified” also includes the private non profit (PNP) sector which accounts at most for 1.4% of all
BERD funded from abroad.

For Denmark, France, Italy, Portugal, the Russian Federation, Spain and the United Kingdom, data refer to 2010.

For Austria, Belgium and Sweden, data refer to 2009.

Funding of business R&D by foreign enterprises, 2011
For Canada, France, Italy, Portugal and Spain, data refer to 2010.

For Austria, Belgium and Sweden, data refer to 2009.
For Denmark and Switzerland, data refer to 2008.

Data for Canada and Switzerland are from national sources and separately reported to the OECD.
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3. CONNECTING TO KNOWLEDGE

R&D and knowledge flows
Open innovation
Collaboration on innovation
International collaboration
Skills mobility

Researchers on the move
Research excellence

Science for innovation

From knowledge to inventions
10. Inventions across borders

11. Technology flows and markets
Notes and References

00Nk WN e

Improving the efficiency and effectiveness of the innovation effort requires strong
knowledge transmission channels. New metrics help inform the policy debate by
demonstrating the variety and nature of available mechanisms for exchanging knowledge. An
experimental indicator reveals that business sourcing of R&D from other businesses is still
limited, but open innovation goes beyond R&D interactions, as shown by the importance of
institutional and market-based collaboration when introducing new innovations. Combining
innovation survey and patent data points to the role of international collaboration. The
international mobility of the highly skilled, from students to scientists, is hard to track. An
experimental indicator follows the careers of scientists who publish in scholarly journals; the
mobility patterns and quality of scientific output of those who stay, move or return to their
home country differ sharply. New citation-based indicators show that collaboration by
institutions is an increasingly pervasive feature of top-quality research. Linking patents and
scientific publications reveals the importance of research crossing several disciplines in new
technology development. Data on foreign ownership of inventions indicate which countries own the
rights to patents invented elsewhere. Data on licensing revenues provide evidence on knowledge
markets, and the role of intermediaries, although these metrics are still in their infancy.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY SCOREBOARD 2013 © OECD 2013 121



CONNECTING TO KNOWLEDGE

1. R&D and knowledge flows

Business enterprise R&D funded by other companies, 2010
As a percentage of BERD funded by business
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Note: This is an experimental indicator. International comparability may
be limited.
Source: OECD, based on OECD data collection on intra- and extramural
R&D; OECD, Main Science and Technology Indicators Database,
www.oecd.org/sti/msti.htm, June 2013. See chapter notes.
StatLink =a=m http://dx.doi.org/10.1787/888932891226
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There is increasing awareness of open innovation and its
relevance to corporate R&D. Companies often procure R&D
services from other firms in order to draw on external
sources of R&D expertise. R&D data collected under OECD
guidelines but reported for the first time show that R&D
funding by other companies still plays a small role relative
to internal sources of funding. Countries differ significantly:
more than 20% of industry-funded BERD comes from other
firms in New Zealand and Canada but only 1-2% in Finland
and Korea.

Business expenditures on R&D carried out externally are
moderate but significant. In Denmark, Sweden and
Belgium, they are the equivalent of more than 30% of intra-
mural R&D. These figures are an indicator of the openness
of business R&D strategies to external inputs. Other domes-
tic firms and enterprises abroad (which include affiliates)
are the main sources of external R&D.

Official R&D data show that, across the OECD area, nearly
5% of R&D performed in the higher education and govern-
ment sectors is funded by business. European countries
appear to have larger shares of R&D funding from business.
However, these figures do not show the extent to which
companies make use of other mechanisms, such as collab-
orative R&D, access to facilities or access to outputs of
research results through licensing, acquisition of patents
rights or spin-outs.

Definitions

Data on R&D expenditures and sources of funds focus
on intramural R&D and are collected from performers
of R&D to avoid double counting. Intramural R&D
performed and funded by the business sector com-
prises R&D funds from other domestic enterprises —
both unrelated and in the same group - as well as
companies’ own funds. Flows of R&D funds involve a
direct transfer of resources between parties and have
to be intended and used for the performance of R&D.
Extramural R&D expenditures represent payments by a
unit, organisation or sector for the performance of
R&D by a third party. This includes acquisition of R&D
services and grants to others to perform R&D. The
concept of intramural R&D performance is closest to
the “supply” notion of new knowledge production.
The concept of R&D funding, including extramural
R&D but not R&D funded by other parties, approaches
more closely the “demand” notion of investment, on
condition that the relevant unit owns the rights to
the outcomes of the research it funds. The OECD is
working, as part of the revision of the Frascati Manual
(OECD, 2002), to obtain R&D data that provide infor-
mation on both of these policy-relevant concepts.
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1. R&D and knowledge flows

Business funding of extramural R&D, by type of performer, 2010
As a percentage of extramural funding and total BERD
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Note: This is an experimental indicator. International comparability may be limited. For Germany and Japan, “other” also includes funding to
enterprises abroad.
Source: OECD, based on OECD data collection on intra- and extramural R&D; OECD, Main Science and Technology Indicators Database,
www.oecd.org/sti/msti.htm, June 2013. See chapter notes.
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Business-funded R&D in the higher education and government sectors, 2001 and 2011
As a percentage of R&D performed in these sectors
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Source: OECD, Research and Development Statistics Database, www.oecd.org/sti/rds, June 2013. See chapter notes.
StatLink Si=r http://dx.doi.org/10.1787/888932891264

Measurability

Flows of funds for R&D are an indicator of knowledge flows when they represent payments for the performance of new
R&D and the output becomes available to the R&D funder. This measure excludes payments for rights to the output of
previous R&D but may include unconditional payments, such as grants, which do not represent knowledge flows. The
coverage of R&D surveys is sometimes limited to intramural R&D performers and thus results in underestimation of
extramural R&D. Funders’ and performers’ views of the nature and value of R&D-related activities may differ. When
financing is provided by an intermediary it may be difficult for the performer to know the source of funds. In some
cases, companies may fail to report R&D funded by third parties as intramural R&D. In the higher education and
government sectors, R&D funds from business may understate the extent to which firms benefit from the research
carried out, as governments often fund these units directly to undertake collaborative R&D activities and companies
sometimes pay for the R&D on a ex post basis, e.g. through licence agreements.
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2. Open innovation

External sources of knowledge for innovation,
by type, 2008-10

Percentage of product and/or process innovative firms citing source
as "highly important"

[ Market sources (suppliers, customers, competitors, etc.)
Institutional sources (higher education, government)

NZL
CHE
BRA
AUS
LUX
GBR
SVN
DEU
HUN
SVK
ZAF
TUR
FIN
BEL
EST
CZE
DNK
JPN
ISR
ITA
ESP
FRA
PRT
NLD
RUS
POL

CHL

0 20 40 60 80 100
% of product and/or process innovative firms
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June 2013. See chapter notes.
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Innovation is a complex process and often involves several
actors and linkages. One way to capture its systemic dimen-
sion is to examine the information sources that firms use
for their innovation activities. Market sources predominate
in all countries. Institutional sources play a much smaller
role; generally, less than 10% of product and/or process
innovating firms rank them as “highly important”.

The introduction of product innovations often involves a
number of external actors. Firms may co-develop their
innovations with other companies, procure services such as
R&D or design, license the rights to others’ inventions or
simply imitate innovations developed and adopted else-
where. For service innovation, more than 35% of innovating
firms drew on some form of external development during
2008-10, compared to 30% for product innovation.

In terms of collaboration on innovation, large firms are far
more likely to collaborate than small and medium-sized
enterprises (SMEs). Among SMEs, the rate of collaboration is
between 20% and 40% of innovative firms in two-thirds of
the countries surveyed. For large innovative firms, collabora-
tion rates range from more than 70% in the United Kingdom,
Austria, Belgium, Finland, Denmark and Slovenia to less
than a third in Brazil, Mexico and Chile.

Definitions

The guidelines on measurement of innovation, the
Oslo Manual (OECD/Eurostat, 2005), define innovation
as “the implementation of a new or significantly
improved product (good or service) or process, a new
marketing method, or a new organisational method in
business practices, workplace organisation or external
relations”.

In line with the EU Community Innovation Survey
(CIS), product and/or process innovative firms are defined
as those having implemented product or process inno-
vations, or with ongoing/abandoned innovation activ-
ities relating to product/process innovation.

Market sources include suppliers of equipment, materials,
components or software, clients or customers, com-
petitors or other enterprises in the same sector and
consultants, commercial labs or private R&D institutes.
Institutional sources include universities or other higher
education institutions and government or public
research institutes.

Collaboration involves “active participation in joint
innovation projects with other organisations” but
excludes pure contracting-out of work. It can involve
the joint implementation of innovations with custom-
ers and suppliers, as well as partnerships with other
firms or organisations.
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Open innovation

Externally developed goods and services innovation, 2008-10
As a percentage of firms introducing each type of innovation

% [ Goods innovation Services innovation

40
30 |

20

FS S S S E NS

Source: OECD, based on Eurostat (CIS-2010) and national data sources, June 2013. See chapter notes.

StatLink %= http://dx.doi.org/10.1787/888932891302

Firms collaborating on innovation activities, by size, 2008-10
As a percentage of product and/or process innovative firms in each size category
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Source: OECD, based on Eurostat (CIS-2010) and national data sources, June 2013. See chapter notes.

StatlLink iz http://dx.doi.org/10.1787/888932891321

Measurability

Despite a gradual process of harmonisation based on the Oslo Manual, national innovation surveys still have some
significant differences in methodology and design. Indicators of external engagement in innovation are subjective and
reflect the existence of knowledge flows but not their nature, frequency or intensity. Oslo-based surveys follow a “subject-
based” approach, i.e. the unit of analysis is the firm, not the innovation, and therefore ask about the use of a particular
knowledge sourcing strategy across one or more innovations.

Innovations can be developed mainly by the enterprise itself or in co-operation with others. They can also be mainly
developed outside and implemented by the innovating firm. The measure of externally developed innovation used
here is based on firms that did not report that they mainly developed innovations themselves and thus excludes those
that developed innovations both internally and externally.

Differences in the scope of the variables used to measure external engagement can limit comparability. For example,
questions on collaboration in the CIS refer only to product and/or process innovations, while in other surveys they
cover all types.
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3. Collaboration on innovation

Firms engaging in collaboration on innovation,
by R&D status, 2008-10

As a percentage of R&D-active and non R&D-active firms
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Collaboration is a key vector of innovation-related know-
ledge flows both for firms that use R&D (either internally
developed or externally acquired) and for those that are
not R&D-active. In all countries for which data are available,
R&D-active firms tend to collaborate more frequently on
innovation than non-R&D-active firms, although in Korea
(manufacturing only) and Australia, both types of firms
have similar rates of collaboration.

Patterns of collaboration differ in terms of partners’ charac-
teristics. Collaboration with higher education or public
research institutions is mainly an important source of
knowledge transfer for large firms. In most countries, these
firms are usually two to three times more likely than small
and medium-sized enterprises (SMEs) to engage in this type
of collaboration. More than half of all innovating large firms
in Finland, Slovenia, Austria and Hungary collaborate with
these institutions but less than one in ten in Mexico and
Australia do so.

Collaboration is more frequent with other market actors, in
particular suppliers and clients. Among large firms, suppliers
play a key role as value chains become increasingly inte-
grated, while in Finland, the United Kingdom, Korea, South
Africa and Iceland, collaboration with clients is equally or
more important, a potential indication of the growing
importance of user-driven innovation.

Definitions

R&D-active firms are those engaged in intramural or
extramural R&D activities.

Collaboration involves “active participation in joint
innovation projects with other organisations” but
excludes pure contracting out of innovation-related
work. It can involve the joint implementation of inno-
vations with customers and suppliers, as well as part-
nerships with other firms or organisations.

The classification of firms by size follows the recom-
mendations of the Oslo Manual. In a majority of coun-
tries, it is calculated on the basis of the number of
employees. SMEs are defined as firms with 10-250
employees, with some exceptions: New Zealand 6+;
the Russian Federation 15+, Mexico 20+. For South
Africa, firm size categories are based on turnover levels.
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3. Collaboration on innovation

Firms collaborating on innovation with higher education or public research institutions, by firm size, 2008-10
As a percentage of product and/or process innovative firms in each size category
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Source: OECD, based on Eurostat (CIS-2010) and national data sources, June 2013. See chapter notes.
StatLink %= http://dx.doi.org/10.1787/888932891359

Firms collaborating with suppliers and clients, by firm size, 2008-10
As a percentage of product and/or process innovative firms
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Source: OECD, based on Eurostat (CIS-2010) and national data sources, June 2013. See chapter notes.
StatLink Si=m http://dx.doi.org/10.1787/888932891378

Measurability

Because R&D and innovation are related phenomena, some countries collect information on innovation as part of
business R&D surveys. In dedicated surveys that adopt the Community Innovation Survey (CIS) model, firms are typi-
cally identified as being R&D-active when they report carrying out internal or external R&D as part of their product
and/or process innovation activities. In other innovation surveys such as those in Australia and New Zealand, this
information is asked of all innovative firms (including firms with only organisational or marketing innovations). Indi-
cators of collaboration on innovation reflect the existence of some sort of collaboration, but not the type, frequency or
intensity. In the CIS, collaboration refers to product and/or process innovation, but in other innovation surveys it refers
to all types of innovation (including organisational or marketing). For Switzerland it only includes collaboration on
R&D. Survey design features such as question order, scope or combination with other types of surveys may influence
respondents’ answers to questions on innovation activity and collaboration with other parties.
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4. International collaboration

National and international collaboration on innovation
by firms, 2008-10

As a percentage of product and/or process innovative firms
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Source: OECD, based on Eurostat (CIS-2010) and national data sources,
June 2013. See chapter notes.
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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 risks. It can take a variety of forms
and levels of interaction, ranging from simple one-way
information flows to highly interactive and formal arrange-
ments.

Innovation collaboration rates vary widely across countries.
In Brazil and Japan, collaboration centres on national partners,
but in most countries there is more of a balance between
national and international collaboration. In some small
open economies - Luxembourg, the Slovak Republic, Slovenia
and Estonia - collaboration is heavily skewed towards
foreign partners. This may reflect factors such as sectoral
specialisation, limited opportunities for domestic collabora-
tion and, in some cases, proximity to external centres of
knowledge.

Size appears to be a strong determinant of foreign collabora-
tion: large firms have a much higher propensity to
collaborate internationally than SMEs, regardless of the
overall rate of international collaboration. Among OECD
countries, this is particularly true for Germany, Portugal and
Italy.

International collaboration can also be examined through
co-patenting indicators. These focus on the invention stage
and provide a complementary view of the collaborative
nature of the innovation process. Combining national
survey and patent data shows that countries with higher
international co-invention rates also tend to have higher
international collaboration rates, as measured in innovation
surveys (34% correlation). However, in Slovenia and Israel,
the share of international co-patenting appears to be low
given the relative propensity of firms to collaborate on
innovation with foreign partners.

Definitions

International collaboration on innovation refers to active
cross-border participation even if both parties do not
benefit commercially; it excludes pure contracting out.
The classification of firms by size follows the recom-
mendations of the Oslo Manual and 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 and
Chile, firm size is based on turnover.

International co-inventions are measured as the share of
patent applications with at least one co-inventor
abroad in total patents invented domestically.
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4. International collaboration

Firms engaged in international collaboration by firm size, 2008-10
As a percentage of product and/or process innovative firms in each size category
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Source: OECD, based on Eurostat (CIS-2010) and national data sources, June 2013. See chapter notes.
StatLink SazPa http://dx.doi.org/10.1787/888932891416

International collaboration on patents, 2007-11 and innovation, 2008-10
As a percentage of PCT patent applications and of product and/or process innovative firms
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Source: OECD, Patent Database, June 2013; OECD, based on Eurostat (CIS-2010) and national data sources, June 2013. See chapter notes.
StatLink iz http://dx.doi.org/10.1787/888932891435

Measurability

Innovation surveys differ in the way they collect information about international collaboration. The Community Inno-
vation Survey asks firms about the location of each type of partner in several regions; in other surveys they are only
asked to report whether each type of partner was domestic or foreign.

The indicator on international collaboration on patents and innovation combines two related but distinct phenomena.
Firms may collaborate internationally on innovation without being jointly involved in the inventive process that gives
rise to patents (e.g. joint marketing/distribution). The two indicators are calculated for different units of analysis (firm
level for collaboration and invention level for patents) and cover slightly different periods. The former measures the
share of patent applications with a least one foreign co-inventor (and may be driven by a small number of large firms
with many co-inventions), while the latter measures the relative propensity of innovative firms to collaborate with
foreign partners. Future work linking patent and innovation data at firm level should provide further insights into the
links between invention and other innovation activities.
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International and foreign students enrolled
in tertiary education, 2011
Totals and breakdown by field of education
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Students moving abroad to study are an important source of
knowledge flows between countries. High-quality tertiary
education attracts skilled individuals in search of training
and career opportunities, some of whom later return to
their home countries. The United States is the main recipi-
ent of international students, followed by the United Kingdom,
Australia, France and Germany. The distribution of interna-
tional students by subject reveals key strengths in a coun-
try’s knowledge base. Science and engineering attract a
sizeable share of international students, particularly in
Sweden, Finland, the United States, and Germany. In most
OECD countries, the share of international students in this
field exceeds that of domestic students.

Job mobility is an important driver of knowledge transfer
and spillovers. There are significant differences among
OECD countries in the share of employees who have been in
their jobs for less than one year. Mobility rates appear to be
higher in non-European countries. In most cases, tertiary-
educated individuals have longer job tenures than their less
educated counterparts. The economic downturn may have
accentuated this pattern.

Among countries for which data are available, there are
major differences in mobility of doctorate holders; it is high-
est in Germany, Denmark, Iceland and Poland. Those in
research positions (a group that accounts for the majority of
doctorate holders) are less likely to have moved jobs than
those not working as researchers, partly because they are
more likely to have tenured academic positions.

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 res-
idents of their country of study or those who received
their prior education in another country. Foreign stu-
dents are defined according to their citizenship. The
fields of education correspond to those defined in the
International Standard Classification of Education
(ISCED-97). Tertiary education comprises Levels 5 and 6
of the ISCED classification.

Labour turnover or mobility is defined as the share of indi-
viduals in employment who have been in their current
or main job or with their current employer for less than
one year.

Doctorate holders have received an advanced research
qualification at Level 6 of ISCED-97. In the context of
the Careers of Doctorate Holders (CDH) data collection,
they are considered to have moved jobs if they worked
for a different employer in the previous 10 years.
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Labour turnover, by educational attainment, 2011
Individuals less than one year in their current job, as a percentage of employment
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Source: OECD, based on the OECD Job Tenure Database, ad hoc tabulation of the European Labour Force Survey, July 2013; and Bureau of Labor Statistics,
Employee Tenure statistics, www.bls.gov/news.release/tenure.nr0.htm, September 2012. See chapter notes.
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Doctorate holders who changed jobs in the last ten years, 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 www.oecd.org/sti/cdh and
OECD Job Tenure Database, June 2013. See chapter notes.
StatLink == http://dx.doi.org/10.1787/888932891492

Measurability

Data on international students are from the 2012 OECD-UNESCO data collection on education statistics, based on ter-
tiary enrolment data from countries of destination. The concept of international students is more directly relevant for
the analysis of mobility. When data on international students are not available, data on foreign students are used to
obtain a more complete picture. The European Labour Force Surveys (LFS) are among the few internationally harmon-
ised data sources that can be used to identify job mobility with job and personal characteristics. Information on
whether job tenure of employees exceeds 12 months has been used as a proxy for job mobility. To ensure consistency
with data collected for the OECD Job Tenure Database, estimates by qualification level based on EU LFS include indi-
viduals who were not in employment one year ago, thus combining job-to-job mobility and mobility into employment.
Surveys carried out in the framework of the project on Careers of Doctorate Holders use a relatively broad ten-year
reference window for recording mobility, but follow-on questions provide more detailed information for analytical
purposes.
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6. Researchers on the move

International flows of scientific authors, 1996-2011
Largest bilateral flows, by first and last affiliation
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Scientific progress depends significantly on researcher
mobility. A new experimental indicator tracks changes in
the affiliation of scientists who publish in scholarly jour-
nals. The top nine international bilateral flows involve
exchanges with the United States. While the total inflow
exceeds the outflow, more scientists who start by publish-
ing in the United States move to affiliations in China and
Korea than vice versa. The United Kingdom is the second
most connected economy. German-based researchers mov-
ing to Swiss affiliations account for the largest flow in non-
English speaking countries. These statistics do not account
for the mobility of individuals before their first publication,
e.g. as students.

Swiss-based authors have the largest mobility rates; nearly
20% have a previous affiliation abroad. In Japan, Brazil and
China, researcher mobility stands at less than 5%. Mobility
patterns vary across economies. In Italy, a majority of
inflows are returnees (researchers who had an Italian affili-
ation for their initial recorded publication(s)); in Switzerland
and Singapore the majority of researchers with an interna-
tional mobility record are new inflows.

With few exceptions, stayers are more likely to publish in
journals of lower quality. In economies with lower average
research quality, outflows tend to have the largest impact
factors. Returnees help to increase quality scores, as do new
inflows. For many economies, raising the performance of
stayers to the level of returnees would allow them to catch
up with leading research nations.

Definitions

Scientific authors are listed in the Scopus database of
peer-reviewed scientific publications and identified by
the unique author ID assigned by Elsevier. Interna-
tional mobility is inferred from authors with at least
two publications over the reference period and is
based on changes in institutional affiliation and
sequence of publications. Stayers maintain the same
country of affiliation over their entire record. Returnees
begin in the final country but “move” before returning,
while new inflows are not first affiliated to institutions
in their last recorded country. Outflows concern those
who do not return to their first affiliation. A proxy of
scientific impact is estimated by calculating, for each
author and mobility profile, the median across jour-
nals’ source-normalised impact per paper (SNIP). SNIP
measures citation impact by calculating the ratio of a
journal’s citation count per paper and the citation
potential in its subject field.
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6. Researchers on the move

International mobility of scientific authors, 1996-2011
As a percentage of authors with two or more publications, by last reported affiliation
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Source: OECD calculations based on Scopus Custom Data, Elsevier, version 5.2012, May 2013. See chapter notes.
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Impact of scientific authors, by category of mobility, 1996-2011
Based on the median source-normalized impact per paper (SNIP)

= Stayers Returnees & New inflows ® Outflows
Impact factor
15
* ¢ s 2 P[P "
: . 1 | o 8 A a -
LR EREER S4B [§1 i.-L:II; Iixxlzi;fT
Ll l = l i

05 |

0 T T T T S T S S N N P T L

| | | | | | | | |
© C & S N & &S “ o
ST FE S TP L TP LSS ITE LT ERP T LELS O F LSS

Source: OECD calculations based on Scopus Custom Data, Elsevier, version 5.2012, and SNIP2 Database, www.journalmetrics.com, Elsevier, Scimago and
University of Leiden. May 2013. See chapter notes.
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Measurability

Bibliometric indicators provide a complementary picture of researcher mobility at a global level. First developed by
Elsevier (2011), these are experimental and require careful interpretation (Moed et al., 2013). Mobility records are less
accurate for less prolific authors and for those who move from and into roles for which disclosure in scholarly journals
is not the norm. Expanding the reference period can help capture more complex mobility patterns (e.g., to show that
an individual returns to an initial affiliation requires at least three observations) but can introduce other biases. Insti-
tutional affiliations are often recorded with a lag and may not reflect where the research took place. Affiliations may
also be multiple and require disambiguation. Failure to assign author IDs consistently can also distort mobility esti-
mates by understating mobility when an individual has multiple IDs or overstating it for individuals with common
names. A global initiative - the open researcher and contributor ID (ORCID) - seeks to deal with this problem by assign-
ing unique identifiers linkable to an individual’s research output.
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7. Research excellence

The quantity and quality of scientific production,
2003-11

Number of documents and percentage of world's top-cited
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Top-cited publications provide a measure of “quality-
adjusted” research output. The United States led the pro-
duction of scientific publications over 2003-11. Although
China accounts for the second largest number of scientific
documents, it lags the United Kingdom and Germany in
terms of numbers of highly cited documents. Switzerland
has the largest share of documents with a high citation
impact among domestic publications, closely followed by
the Netherlands and Denmark.

Top-cited publications are more likely to involve scientific
collaboration across institutions (international and domes-
tic) than “average” publications. The collaboration gap is
particularly large for the Russian Federation, Poland, the
Slovak Republic and Estonia.

International collaboration rates and average impact are
highly correlated. Countries with high shares of top-cited
publications tend to have higher collaboration rates. Excep-
tions include the United States (high impact but low collab-
oration) and Indonesia (low impact but high collaboration).
International collaboration appears to allow countries to
attain higher citation impact rates than they would other-
wise achieve. For many, this involves participating in proj-
ects led by experts in centres of excellence located abroad.
Adjusting counts of high-impact documents for documents
with a non-resident corresponding (i.e. leading) author
would significantly reduce most economies’ share of top-
cited publications. For example, in Switzerland, the share
would drop from nearly 20% to 10%. However, for the United
States, the adjustment is fairly minor, from 17% to 14% of
domestic publications. It is therefore the economy with the
largest share of high-impact, domestically led documents,
followed by the Netherlands and the United Kingdom. This
suggests that authors from these countries are more likely
to feature as leading authors in international collaborations.

Definitions

Estimates of scientific production are based on whole
counts of documents by authors affiliated to institu-
tions in each economy. The number of top-cited publica-
tions is an indicator of research excellence and represents
the 10% most-cited papers in each scientific field. Col-
laboration is defined at the institutional level. A scien-
tific document is deemed to involve collaboration if
multiple institutions are listed in the affiliations of the
author(s). Top-cited publications attributed to a given
economy are defined as having a domestic leading
author when the document’s corresponding author is
affiliated to a domestic institution.
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7. Research excellence

Top-cited publications, by type of collaboration, 2003-11

As a percentage of top-cited and all documents, whole counts
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See chapter notes.
StatlLink &= http://dx.doi.org/10.1787/888932891606

Measurability

Peer-reviewed scientific publications convey the research findings of scientists worldwide. Subsequent citations by other
authors provide an indirect but objective source of information about the quality of research outputs. This does not how-
ever take into account the use of the scientific information by inventors or practitioners who are less likely to publish in
peer-reviewed journals. Publications are attributed to countries on the basis of the authors’ institutional affiliations. This
requires a means of counting publications with co-authors from different units. One approach is to fractionalise publica-
tions by contributing units, so that reported figures add up to the total number of publications (each document has the
same weight). An alternative is to report total counts per unit (the whole counts approach), which gives equal weight of one
to each of the document’s authoring units. Although the choice does not much affect country rankings, care should be
exercised when interpreting either type of results. An alternative is to attribute the entire document to its leading author’s
affiliation using information on the identity of the corresponding author (Moya-Onegodn et al., 2013).
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8. Science for innovation

Main sources of scientific documents cited in patents,
selected technology areas, 2001-11
As a percentage of scientific documents cited, by technology area
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References to scientific literature in patents provide an indi-
cator of knowledge flows between the science base and the
innovation system. Scientific authors affiliated to US-based
institutions account for more than a third of all scientific
documents cited in patents in the areas of biotechnology,
health, nanotechnology, ICT and environment. Available fig-
ures reveal a degree of specialisation in the production of
patent-relevant science across technology areas. China,
Japan and Korea have relatively larger shares of science rel-
evant to nanotechnology and the environment. The United
States accounts for 41% of total patent citations in ICT, well
above its share in other areas. Among the areas considered,
environment technologies are an important focus of patent-
relevant science in Germany, while biotechnology and
health-relevant science play an important role in the United
Kingdom.

Biotechnology patents draw on a wide range of life sciences
disciplines, among which clinical science leads with 30% of
citations. The distribution is similar in health-related
technology. For nanotechnology, instead, just five scientific
fields account for 90% of citations. ICT patents draw on
many of the life sciences, owing in part to the importance of
ICT for new medical devices.

For each technology, differences in the shares accounted for
by different geographical areas in the contributing science
fields are not pronounced. The United States accounts for
50% of all computer science relevant to ICT, a higher share
than for other fields cited by ICT patents. Japan accounts for
nearly 15% of physics documents cited in environment-
related patents and the BRIICS specialise in chemistry and
materials science for nanotechnology patents.

Definitions

A field of science is described as relevant to a given
technology area if it accounts for a significant share of
the peer-reviewed scientific literature in references to
non-patent literature in patent documents. Fields of
science correspond to the Thomson Reuters Essential
Science Indicators 22-field classification of journals.
International Patent Classification (IPC) codes provide
the basis for defining the relevant technology areas.
Patents in health-related technologies comprise
medical technologies and pharmaceuticals. The list
of environment-related patent codes is available at
www.oecd.org/env/consumption-innovation/indicator.htm.
The list of biotechnology and ICT-related patent codes
is available at www.oecd.org/sti/inno/40807441.pdf.
Nanotechnology-related patents are defined as those
with IPC codes B82B and B82Y. The geographic distri-
bution of scientific publications cited in different areas
is based on the institutional affiliation of authors.
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8. Science for innovation

Main scientific sources of biotechnology, nanotechnology and ICT patents, 2001-11
As a percentage of cited scientific publications, by technology area
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As a percentage of cited scientific publications, by technology area

I United States EU28 Il Japan BRIICS I Rest of the world
% Health Environment
50
ol [l
TR N
20
[ | | —
| —— -
1 1 1 - - - - - I
) \c}& ) é\& &\% t}cf-’ ég\ \Q@ \Q@
N N & N N S S
Q 5 N ] Q & L
[y N QQ . & N )
& < © & N
\?’ Q‘Q Qé\
N &
& &
> S

Source: OECD and Japan Science and Technology Agency (JST), based on Thomson Reuters Web of Science, Derwent World Patents Index and Derwent
Patents Citation Index data, June 2013. See chapter notes. StatLink &a=r http://dx.doi.org/10.1787/888932891663

Measurability

Constructing indicators on the sources of scientific knowledge in patent documents, e.g. fields of science and author
affiliation, requires linking references in the patent document to scholarly publications. The link is based on the non-
patent literature (NPL) in commercial novelty-based patent families with priority dates 2001-11, using the Thomson
Reuters Derwent World Patents Index and Derwent Patents Citation Index database of patent publications by major
patent offices. It relies on an algorithm developed by Thomson Reuters and Japan’s Science and Technology Agency,
and matches NPL references to the Thomson Reuters Web of Science database, an index of peer-reviewed scientific
literature. In order to focus on recent scientific literature, only publications from 2001 to 2011 are considered. The attri-
bution of field of science and country of origin is based on unambiguously matched references. Estimates are on a
whole counts basis and give full credit to each combination of reference and contributing country. Results may be sen-
sitive to the choice of data sources, observation period, matching process and counting method used.
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9. From knowledge to inventions

Patents citing non-patent literature by technology field,
1997-2002 and 2007-12

As a percentage of total patents by economies
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Inventions seeking patent protection must disclose the
prior knowledge on which they rely: existing patents, scien-
tific work and other sources of knowledge. These so-called
backward citations are used to assess an invention’s patent-
ability and to define the legitimacy of its claims. They can
also be used to uncover science-technology links, i.e. the
extent to which technology developments, in the form of
patented inventions, rely on science contained in non-
patent literature (NPL): scientific publications, conference
proceedings, databases and other relevant literature.

The share of inventions that build on NPL varies widely
across technology fields and economies. Industrial struc-
ture, level of development, technological specialisation and
the maturity of technology fields help to explain differences
in observed propensities to cite NPL. More than 50% of
Indian patents cite NPL, whereas the world and OECD aver-
ages are below 30%. Reliance on NPL has generally increased
over time, in terms of the number of patents citing NPL and
the average share of NPL citations per patent in biotechnol-
ogy, nanotechnology, ICT, health and environmental
technologies.

More than 20% of forward citations are to patents that cite
NPL, with shares that exceed 50% in biotechnology and bio-
materials, pharmaceuticals and digital communications.
On average, around 4% of forward citations are to patents
that do not cite any prior art, although for IT methods,
engines and pumps, and thermal devices they are above 9%.
The novelty of the fields and the lack of relevant prior art
may explain these patterns.

Definitions

Backward citations are references to prior art con-
tained in patent documents. Forward citations are
citations received by a patent. Non-patent literature
refers to backward citations to peer-reviewed scientific
papers, conference proceedings, databases (e.g. DNA
structures, gene sequences, chemical compounds,
etc.) and other relevant literature, with the exception
of patent abstracts and commercial patent databases.
The share of NPL citations is calculated as the ratio of
the number of NPL citations to the overall number of
citations contained in a patent document. Technology
fields are defined according to Schmoch’s classifica-
tion (WIPO, 2013) and rely on the International Patent
Classification (IPC) codes of the patent document. Key
domains, here called selected technologies, were iden-
tified by groups of experts on the basis of the IPC
classes and the ad hoc tagging systems of the European
Classification System (ECLA) that highlight the area of
application of patented inventions.
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Patents citing non-patent literature, selected technologies, 1997-2002 and 2007-12
Share of citations to NPL in backward citations, average
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Citations to patents that include non-patent literature, by technology fields, 2007-12
Share of total forward citations
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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 I, X or Y (see Squicciarini, Dernis and Criscuolo, 2013) - are considered. Forward citations are
counted over a period of 5 years after the publication date (typically 18 months after the filing date of the application).
This should allow time for observing the citation patterns that characterise the technology fields. Backward counts
instead concern all NPL cited in the patent document and are not restricted to I, X or Y classes. Fractional counts are
used to assign patents to technology fields and to economies for both backward and forward citations. All citation
counts include self-citations. The results may be contingent upon the data source used, the citation and counting
methods followed and the observation period.
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10. Inventions across borders
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The degree to which patented innovations result from col-
laboration by inventors located in different economies can
be used as a measure of the internationalisation of research,
of international R&D co-operation and of knowledge
exchange among innovators.

The general rise in international co-inventions of patents
shows that knowledge creation increasingly relies on external
contacts, collaboration and exchanges that allow innovators
to gain access to the competences and skills they need.
Across economies, however, the share of patented inven-
tions due to international teams ranges from 2% to 24%.
Over time, economies such as India, Brazil and the Russian
Federation have relied relatively more on their own science
base than on international co-invention. In contrast,
Ireland, Hungary and the United Kingdom appear to rely
increasingly on international teams of inventors.

There are also marked differences in the extent to which
patents in different technology fields involve international
collaboration of inventors. In polymers and organic or food
chemistry, international co-inventions account for more
than 12% of patented inventions, whereas in audio-visual
technologies, transport, furniture and games, they generally
account for around 4%.

When comparing the share of patents owned by an economy
with the proportion of these patents that were fully
invented in another economy or economies, it appears that
many economies owning a large share of patents invented
by foreign businesses have large multinational firms that
perform R&D abroad. The tax environment is also likely to
play a role in the location of the intellectual property.

Definitions

International co-inventions feature at least one foreign
co-inventor in patents invented domestically. Patents
in different technology fields may have a different
propensity to involve co-invention. The co-invention
indicator is calculated by dividing the percentage of
international co-inventions by the total number of
patents invented domestically in the same field. Tech-
nology fields are defined according to Schmoch’s
classification (WIPO, 2013) and rely on the Interna-
tional Patent Classification (IPC) codes contained in
the patent document. Foreign inventions are patents for
which all of the inventors reside in economies other
than that of the owner(s). Data relate to published
patent applications filed through the PCT system.
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Measurability

Foreign inventions owned by economies (%)
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Inventors have differing specialisations and knowledge assets and often require competences or resources beyond
their national borders. The resulting international collaboration may take the form of international co-inventions by
a multinational corporation (with research and innovation facilities in other economies); joint research ventures by
private and public entities (e.g. firms and universities or public research organisations); or formal and informal
networks of scientists. In the case of multinational corporations, international collaboration often reflects companies’
wish to obtain geographically dispersed knowledge and/or to develop complementarities with foreign inventors. The
location of patent ownership may reveal the importance of intellectual property (IP) tax regimes and indirectly points
to the attractiveness of tax incentives for IP revenues and the importance of tax planning strategies. Using data from
different patent offices may lead to different results.
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11. Technology flows and markets

International technology flows of royalties and licence
fees, 2000-11

Average annual growth rate, based on current USD, percentages
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Royalties and licence fees are an important part of interna-
tional technology flows. Over the past decade, they grew
faster than GDP in most countries. In the Russian Federation
and China, international flows of royalties increased by
more than 25% a year.

Intermediaries play a small but important role in knowledge
markets. New official statistics provide information on
companies whose main economic activity is the licensing of
intellectual property (IP). This sector is particularly developed
in the United States, with over USD 25 billion in revenue.
Among countries for which data are available, Luxembourg
has the highest ratio of revenues to total expenditures on
knowledge-based capital (KBC) assets within the scope of
this sector’s activities. The United Kingdom and Italy appear
to have low levels of specialist licensing activity in relation
to their investment in KBC.

Specialist firms account for only a fraction of total licensing
revenue. Tax-based data from the US Statistics of Income
show that computer and electronics manufacturing firms
and chemicals manufacturers, including pharmaceuticals,
account for the largest volumes of reported royalty income.
The specialist licensing sector has the largest share of
income from royalties (close to 55%), followed by the com-
puter and film and sound recording industries (close to 6%)
and publishing and chemical industries (close to 4%). In
most industries, the share of revenue accounted for by
royalties has increased significantly over the last decade.

Definitions

In international trade statistics, Royalties and licence
fees are payments and receipts between residents and
non-residents for the use of intangible, non-produced,
non-financial assets and proprietary rights such as
patents, copyrights, trademarks, industrial processes
and franchises; and for the use of produced originals
or prototypes.

Specialist intellectual property leasing firms refers to Euro-
pean firms in the NACE Rev.2 sector 774 (Leasing of
intellectual property and similar products, except
copyrighted works) and US firms in the equivalent
North-American Industrial Classification System
(NAICS) sector 533 (Lessors of nonfinancial intangible
assets — excluding copyrights). This includes establish-
ments primarily engaged in assigning rights to intangible
assets, such as patents, trademarks, brand names, and/
or franchise agreements, for which a royalty payment
or licensing fee is paid to the asset holder. Royalties
are one component of income (receipts) reported in US
Corporation Income Tax Return Form 1120. Knowledge-
based capital is a recent term used by OECD to encom-
pass the pre 2008 SNA definition of intangible assets,
some of which now fall under the category of Intellectual
Property Products.
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Revenues of specialist intellectual property leasing firms, 2010
Total and as a percentage of business investment in R&D, other innovative property and economic competences

[ Total revenues (left-hand scale) <> Revenues, as % of expenditures on intangibles (right-hand scale)
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Source: OECD, based on data from Eurostat, Annual detailed enterprise statistics for services; United States Census Bureau, 2011 Annual Services
Report; and INTAN-Invest Cross-country Intangible Investment Database, www.intan-invest.net, June 2013. See chapter notes.
StatLink SazP http://dx.doi.org/10.1787/888932891815

Royalty income by industry, United States, 1999 and 2009

As a percentage of revenues reported to the United States Internal Revenue Service

[ Royalty revenues, 2009 (left-hand scale) <> Percentage of revenue from royalties, 2009 <> Percentage of revenue from royalties, 1999
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Source: OECD calculations based on United States Internal Revenue Service’s Statistics of Income, June 2013. See chapter notes.
StatLink SazPa http://dx.doi.org/10.1787/888932891834

Measurability

The measurement of licensing flows is subject to various conceptual and practical difficulties. Licensing transactions
may not involve the transfer of knowledge and may purely reflect tax planning strategies. Estimates may understate
actual flows in the case of cross-licensing agreements if only net payments are reported. Companies may report some
flows as property income, e.g. repatriated profits, rather than as payments for knowledge products. Many firms in the
IP leasing sector are subsidiaries managing their parents’ IP portfolio without necessarily engaging in arms-length
transactions. As information on this sector has only become recently available, comparability may be limited while
business registers and classification criteria adapt to the latest international classification of economic activities.
Statistics of Income (SOI) data for active US-based corporations are estimated from a sample of corporate income tax
returns. They may include payments for the exploitation of natural resources. For more information on knowledge
flows, knowledge markets and their measurement, see www.oecd.org/sti/knowledge.
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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 recognizes 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
Union:

“The Republic of Cyprus is recognised by all members of the United Nations with the exception of Turkey. The infor-
mation 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 or third
party. 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.”

3.1. R&D and knowledge flows

Business enterprise R&D funded by other companies, 2010

Data refer to 2010 except for Austria (2009), Brazil (2009), the Czech Republic (2011), Denmark (2009), Iceland (2009), New
Zealand (2009), Norway (2011), South Africa (2009), Sweden (2009), Switzerland (2008) and the United States (2009).

Reported funding by other firms includes funding from other domestic enterprises that are part of the same group, except
for Finland and New Zealand.

For Brazil, data on the share of BERD funded by industry are not available.

Business funding of extramural R&D, by type of performer, 2010

Data refer to 2010 except for Austria (2009), Belgium (2009), the Czech Republic (2011), Germany (2009), New Zealand (2009),
Norway (2011), Sweden (2009), Switzerland (2008) and the United States (2009).

“Other” includes funding to non-business institutions, both domestic and abroad. For Germany and Japan, it also includes
funding to enterprises abroad.

For the Czech Republic, Estonia, Italy, Korea, the Slovak Republic, Spain and Turkey, reported data exclude funding by non-
R&D performers.

Business-funded R&D in the higher education and government sectors, 2001 and 2011

For Australia, data refer to 2000 and 2008 instead of 2001 and 2011.

For Austria, data refer to 2002 and 2009 instead of 2001 and 2011.

For Belgium, Iceland, Israel, the Netherlands and South Africa, data refer to 2009 instead of 2011.
For Chile, EU28, France, Germany, Italy, OECD, Portugal and Spain, data refer to 2010 instead of 2011.
For China, data refer to 2000 instead of 2001.

For Switzerland, data refer to 2000 and 2010 instead of 2001 and 2011.

3.2. Open innovation

General notes for all figures:

For Australia, data refer to financial year 2010/11 and include product, process, marketing and organisational innovating
firms (including ongoing or abandoned innovation activities).

For Brazil, data refer to 2006-08. Only the following activities are included in the services sector: ISIC Rev.4 Divisions 58, 61,
62 and 72.
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For Chile, data refer to 2009-10 and to firms with more than UF 2 400 in annual revenue. Data include product, process,
organisational and marketing innovating firms. Ongoing or abandoned innovative activities are not identified. The indus-
tries covered are based on ISIC Rev.3.1 and include a wider range of activities than the CIS, such as agriculture, forestry,
fishing, construction and some services.

For Israel, data refer to 2006-08.
For Japan, data refer to financial years 2009/10 and 2010/11. Data are provisional estimates.
For Korea, data refer to 2005-07 and to firms with more than 10 employees in the manufacturing sector.

For Mexico, data refer to 2008-09 and to 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 financial years 2009/10 and 2010/11, and to firms with six or more employees with an annual
goods and services tax (GST) turnover figure greater than NZD 30 000. Data refer to product, process, organisational and
marketing innovating firms (including ongoing or abandoned innovation activities).

For the Russian Federation, data refer to 2009-11 and to firms with 15 or more employees. The industries covered are based
on NACE Rev.1.1 and include manufacturing (D), and services (64, 72, 73, 74).

For South Africa, data refer to 2005-07 and to firms with 20 or more employees, with a minimum turnover of between ZAR
3 million and ZAR 6 million depending on the industry. Data also include the retail trade sector.

For Switzerland, data refer to 2009-11. Collaboration only refers to collaboration on R&D.

Additional notes:
External sources of knowledge for innovation, by type, 2008-10

In the Australian questionnaire it is only asked whether the relevant source was used, not the degree of importance of the
source.

For Germany, Israel, Luxembourg, the Netherlands and Switzerland, data refer to 2006-08.
In the New Zealand questionnaire, sources of information are defined as important, rather than highly important.

3.3. Collaboration on innovation

General notes for all figures:

See under 3.2.

Additional notes:
Firms engaging in collaboration on innovation, by R&D status, 2008-10

For Luxembourg, data refer to 2006-08.
For Spain, R&D status corresponds to 2010 only.

Firms collaborating on innovation with higher education or public research institutions, by firm size, 2008-10

For Ireland, Israel and Luxembourg, data refer to 2006-08.
For Mexico, data refer to collaboration with higher education institutions only.

3.4. International collaboration

General notes for all figures:

See under 3.2.

Additional notes:

National and international collaboration on innovation by firms, 2008-10 and Firms engaged in international co-operation, by
firm size, 2008-10

For Ireland and Luxembourg, data refer to 2006-08.
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International collaboration on patents, 2007-11 and innovation, 2008-10

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, the inventor’s country of residence and whole counts.

3.5. Skills mobility

International and foreign students enrolled in tertiary education, 2011

Data refer to foreign students for the Czech Republic, France, Israel, Italy, Poland, the Slovak Republic and Turkey. Foreign
students are defined on the basis of their country of citizenship; these data are not comparable with data on international
students and are therefore presented separately in the table and chart.

Total enrolments include all international or foreign students. Distribution is based on the number of students with a
known field of education.

Data for Austria, Finland, Germany and Switzerland exclude tertiary-type B programmes.
Data for Canada and Luxembourg refer to 2010.

Data for the Netherlands exclude programmes in private education.

Labour turnover, by educational attainment, 2011

With the exception of the United States, the indicator for all employed individuals is computed on the basis of the OECD Job
Tenure Database as a share of declared figures for total employed (dependent employees and self-employed) of all age
groups. Estimates by level of educational attainment are based on an ad hoc tabulation of European Labour Force Survey data
and computed on a similar basis.

For the United States, data refer to the share of all wage and salary workers aged 16 and over with a year or less of tenure
with their current employer in January 2012.

Tertiary education refers to individuals who have graduated from tertiary education (ISCED 5 and 6 levels); low or no formal
education refers to individuals with at most lower secondary education (ISCED 0, 1 and 2 levels).

For Australia and Canada, data refer to 2010.
For Brazil, data refer to 2009.
For Mexico, data refer to 2008.

Doctorate holders who changed jobs in the last ten years, 2009

For Belgium, Hungary, the Netherlands and Spain, data refer to graduates only from 1990 onwards.
For the Russian Federation, data refer only to those doctoral graduates employed as researchers and teachers.
For Spain, there is limited coverage of graduates who received their doctorate between 2007 and 2009.

EU15 total employment mobility is computed on the basis of the OECD Job Tenure Database and corresponds to the share
of 25-69 year-old employed individuals who have changed jobs in the last ten years.

3.6. Researchers on the move

International flows of scientific authors, 1996-2011

The minimum threshold for inclusion is over 2 000 bilateral flows.

General note:
International mobility of scientific authors, 1996-2011 and;
Impact of scientific authors, by category of mobility, 1996-2011

The minimum threshold per economy is over 25 000 scientific authors in the stayer category.
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Additional note:
Impact of scientific authors, by category of mobility, 1996-2011

International mobility of scientific researchers is inferred from authors listed in the Scopus Custom database of peer-
reviewed scientific publications, with at least two documents over the reference period, based on changes in the location of
their institutional affiliation. Stayers maintain an affiliation in a given reference country over the period. Outflows are
defined on the basis of the first affiliation. New inflows are defined on the basis of the final affiliation and exclude individ-
uals who “return” to their original country of affiliation. The latter group are defined as “returnees”.

A proxy measure of scientific impact for researchers with different mobility patterns is estimated by calculating, for each
author and mobility profile, the median across the relevant journals’ source-normalised impact per paper (SNIP) over the
entire period. A SNIP impact value that is higher than one means that the median attributed SNIP for authors of that country/
category is above average.

3.7. Research excellence

General note for all figures:

Estimates are based on whole counts of documents by authors affiliated to institutions in each economy.

3.8. Science for innovation

General notes for all figures:

The link between patents and scientific literature is based on the non-patent literature (NPL) listed as relevant references in pat-
ent documents in the Thomson Reuters Derwent World Patents Index and Derwent Patents Citation Index databases. It is applied
to patents in selected technology areas, based on the International Patent Classification (IPC) codes in the patent document.

In order to identify whether NPL corresponds to a scientific document, NPL references were matched to the Thomson Reuters
Web of Science Database, an index of scientific literature. For matched references, scientific domains correspond to the Thomson
Reuters Essential Science Indicators 22-field classification (http://archive.sciencewatch.com/about/met/fielddef/). Geographical attri-
bution of scientific documents is based on the document’s author’s affiliation, using a “whole counts” approach.

Only the main scientific domains accounting for 90% of total patent citations to the scientific literature are reported.

Additional notes:
Main sources of scientific documents cited in patents, selected technology areas, 2001-11

Patents in health-related technologies comprise medical technologies and pharmaceuticals. The list of environment-
related patent codes is available at www.oecd.org/env/consumption-innovation/indicator.htm. The list of biotechnology and ICT-
related patent codes is available at www.oecd.org/sti/inno/40807441.pdf. Nanotechnology-related patents are defined as those
with IPC codes B82B and B82Y.

Main scientific sources of biotechnology, nanotechnology and ICT patents, 2001-11
The list of biotechnology and ICT-related patent codes is available at wwuw.oecd.org/sti/inno/40807441.pdf. Nanotechnology-
related patents are defined as those with IPC codes B82B and B82Y.

Main scientific sources of health and environment-related patents, 2001-11

The link between health-related patents and scientific literature is applied to patents in medical technologies and pharma-
ceuticals following the classification presented in Schmoch (WIPO, 2008, revised in 2013).

The list of environment-related patent codes is available at www.oecd.org/env/consumption-innovation/indicator.htm.
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3.9. From knowledge to inventions

General notes:
Patents citing non-patent literature by technology field, 1997-2002 and 2007-12 and,
Patents citing non-patent literature, selected technologies, 1997-2002 and 2007-12

Data refer to the citations made in patent applications filed at the European Patent Office (EPO), according to the publication
date of the citing patent, the applicant’s residence and fractional counts.

Additional notes:
Patents citing non-patent literature by technology field, 1997-2002 and 2007-12

Only economies with more than 500 patents in 2007-12 are included in the figure. Patents are allocated to technology fields using
International Patent Classification (IPC) codes, following the classification presented in Schmoch (2008, revised in 2013).

Patents citing non-patent literature, selected technologies, 1997-2002 and 2007-12

Patents are allocated to technological fields using the International Patent Classification (IPC) or the European Patent Clas-
sification (ECLA).

Citations to patents that include non-patent literature, by technology fields, 2007-12

Data refer to the citations made in patent applications filed at the European Patent Office (EPO), according to the publication
date of the citing patent. Forward citations of patents refer to patents with NPL backward citations that are cited as partic-
ularly relevant documents (I, X, Y) by EPO patents up to five years after the first publication. Patents are allocated to tech-
nology fields using International Patent Classification (IPC) codes, following the classification presented in Schmoch (2008,
revised in 2013).

3.10. Inventions across borders

International co-inventions in patents, 1999-2001 and 2009-11

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 economy in the total patents invented domestically. Patent counts
are based on the priority date, the inventor’s residence and fractional counts. Only economies with more than 250 patents
in 2009-11 are included.

International co-inventions by technology fields, 1999-2001 and 2009-11

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. Patents are allocated to technology fields
using International Patent Classification (IPC) codes, following the classification presented in Schmoch (2008, revised in
2013). Patent counts are based on the priority date and fractional counts by technology fields.

Foreign inventions owned by economies, 2009-11

Data refer to counts of patent applications filed under the Patent Cooperation Treaty, by priority date, applicant’s residence
and fractional counts. Foreign inventions owned by economies relate to the share of patents owned by a resident of an econ-
omy for which no inventors reside in the given economy, as a share of total patents owned by that economy. Only econo-
mies that applied for more than 250 patents over the period are included.

3.11. Technology flows and markets

International technology flows of royalties and licence fees, 2000-11
For Belgium and the Russian Federation, data refer to 2003-11.

For Denmark and Indonesia, data refer to 2005-11.

For the Netherlands, data refer to 2004-11.

For Norway, data refer to 2000-10.
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For Italy, data refer to 2000-07.
OECD excludes Iceland, Mexico and Turkey.

Revenues of specialist intellectual property leasing firms, 2010

For European countries, revenue estimates correspond to firms in NACE Rev.2 sector 774 (“Leasing of intellectual property
and similar products, except copyrighted works”). For the United States, estimates correspond to NAICS sector 533 (“Lessors
of nonfinancial intangible assets — excluding copyrights”). Revenue estimates are divided by INTAN-Invest estimates of
business sector investment in “new intangible assets” (R&D, design, new financial products, advertising, market research,
training and organisational capital). This category approximately corresponds to the products within the scope of the IP
leasing sector.

Royalty income by industry, United States, 1999 and 2009

Data on royalties and revenues (receipts) from the United States Internal Revenue Service’s Statistics of Income (SOI),
Table 6 — Returns of Active Corporations, Form 1120, www.irs.gov/uac/SOI-Tax-Stats-Returns-of-Active-Corporations-Table-6,
“Balance Sheet, Income Statement, Tax, and Selected Other Items, by Major Industry”. Figures are estimates based on sam-
ples. Last accessed June 2013.

Only the 23 industries with the highest royalty income are reported. For 2009, Broadcasting and telecommunication is cal-
culated as the sum of Broadcasting except Internet and Telecommunication (including paging, cellular, satellite, cable,
internet, service providers, etc.). For 2009, Information and data processing services were calculated as the sum of Data pro-
cessing services and Other information services.
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R&D funding and specialisation
Green innovation

Health innovation
Biotechnology R&D
Nanotechnology R&D

ICT innovation

Broadband price and quality
Fixed and wireless broadband
. Internet users

10. Emerging technologies

Notes and References

The idea that innovation and technological change are important means of dealing with
global and social challenges is well established. With this in mind, many countries have
developed research priorities and implemented funding programmes aimed at maximising
research quality and impact. This chapter monitors recent developments by presenting a
selection of R&D and innovation indicators in new growth areas, including biotechnology,
nanotechnology and health, environmental and information and communication technologies.
The development of next-generation high-capacity broadband networks provides a platform
for developing and diffusing smart infrastructures for energy, health, transport and education,
and indicators on broadband availability, quality and access compare developments across
countries. An experimental methodology reveals how the development of technologies
accelerates over time and innovations emerge from the combination of different technologies.
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R&D specialisation, top three performing industries, 2011
Industry R&D expenditure as a percentage of total business enterprise R&D
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1. R&D funding and specialisation

The distribution of business R&D by economic activity
reveals a pattern of specialisation that is influenced, but not
entirely driven, by a country’s economic structure. In most
OECD countries, a limited number of activities account for a
large share of total business R&D. Chemicals, broadly
defined to encompass fuels, pharmaceuticals, other chemi-
cals and minerals, is the major R&D activity in 8 out of the
27 countries for which data are available. ICT equipment
manufacturing is particularly important in Finland and
Korea, while information services prevail in Ireland, Poland
and Portugal. In the Czech Republic, France, Germany, Italy
and Spain, transport equipment, including motor vehicles
and aerospace, ranks first.

Public policy plays an important role in influencing the
direction of innovation efforts. Government R&D budgets
(GBAORD) provide an indication of policy priorities in the
relative importance of various socio-economic objectives,
such as defence, economic development or general funding
of the science and research base. In 2012, OECD govern-
ments invested the equivalent of 0.8% of GDP in direct fund-
ing of R&D at home or abroad. In relative terms, R&D
budgets are largest in Finland and Korea at over 1% of GDP.
The importance attributed to different objectives varies
widely across countries, reflecting national priorities and
differences in their innovation systems. For example, the
United States devotes a significant share of funds to
defence, while Ireland and Korea place comparatively more
emphasis on economic development. Most countries, espe-
cially Switzerland, dedicate the largest shares to support for
advancement of knowledge and general university funds.

R&D efforts by firms and governments may become
reflected in patented inventions. Medical technology is the
leading patenting field in the United States and the United
Kingdom, while electrical machinery dominates in
Germany, Japan and the EU28. Digital communication tech-
nologies feature as the top technology field for patenting in
Canada, Korea and China. Patenting by technology area is
more concentrated in the BRIICS than in OECD economies.

Definitions

GBAORD (government budget appropriations or out-
lays for R&D) measures the funds committed by gov-
ernments for R&D. These funder-reported estimates
allow for a breakdown by socio-economic objective, a
classification system intended to capture the primary
objective of the research being funded (OECD, 2002).
“Economic development” includes support for agricul-
ture, industry and energy research; “Other” includes
research on education and society and exploration
and exploitation of space. Technology fields are based on
International Patent Classification (IPC) codes in pat-
ents, following Schmoch’s classification (2008, revised
in 2013).
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4. TARGETING NEW GROWTH AREAS

1. R&D funding and specialisation

R&D budgets by socio-economic objectives, 2012
Government budget appropriations or outlays on R&D, percentages

I Non-oriented General university funds %%% Defence Economic development

% 777 Health and environment Other <> GBAORD as a percentage of GDP (left-hand scale) %

12 . ., 4 100

o /// 7 7 7 7 & 7 7 7 7 7 7 7 o % % 7 // 7 W 7/

g I at « L Ll edds

: “ £ /7 7, i § ~

o MEE7 ¥R 7 200/ 8ii 0 Ak MM«
7% % 5 Z 7 &7 A V Z {70

08 | A é / SO S & e 7 %

07 | iy BEOSRS | | = % H 60

0.6 % Lo § 1 50

REI 55 o & SO S S

05 1 % £ o o G % 4 40

04 | % o

03 1Y & % N 30

0.2 C K R 20

04 2 10

0 0

O A ED S © o
SEF FERFETENMOF I T EL S I S

Source: OECD, Main Science and Technology Indicators Database, www.oecd.org/sti/msti.htm, June 2013. See chapter notes.
StatLink SazP http://dx.doi.org/10.1787/888932891872

Top two technologies patented by countries, 2009-11
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Source: OECD, Patent Database, June 2013. See chapter notes.
StatLink SazP http://dx.doi.org/10.1787/888932891891

Measurability

There is considerable diversity in the methods countries use to report R&D by economic activity: on the basis of the
enterprise’s main activity, the product that R&D is intended for, or a mixture of both. The ongoing revision of the
Frascati Manual (OECD, 2002) attempts to promote greater uniformity of R&D data reporting. To protect the confidenti-
ality of business data, agencies report BERD at different levels of aggregation. R&D data by activity have been grouped
as follows, using data in ISIC Rev.4 or equivalent: Agriculture, mining, utilities and construction: 01-03, 05-09, 35-39
and 41-43; Chemicals and minerals: 19-23; ICT equipment: 26; Information and communication services: 58-63; Electrical
equipment and machinery nec: 27-28; Transport equipment: 29-30; Finance and other business services: 64-66 and
69-82 exc. 72; R&D services: 72; Wholesale, retail and transport services: 45-47, 49-53, 55-56. The allocation of patents
by technology area is based on patent applications filed under the Patent Cooperation Treaty, by priority date, inven-
tor’s country of residence and fractional counts.
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4. TARGETING NEW GROWTH AREAS

R&D budgets for energy and the environment,
2002 and 2012

As a percentage of government budget appropriations or outlays for R&D
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2. Green innovation

Fostering economic growth and development while ensur-
ing that natural assets continue to provide the resources
and environmental services necessary for societies’ well-
being is at the heart of green growth policies. Finding
cleaner, affordable and reliable energy sources and develop-
ing environmental technologies also play a central role in
competitiveness. Governments are supporting research,
fostering innovation and the use of new technologies, and
encouraging the creation of markets for and the uptake of
“green” technologies.

Data on government budget appropriations or outlays for
R&D (GBAORD) show the public resources that economies
invest in research on energy and the environment. In abso-
lute terms, Japan, the United States and Germany are the
largest funders, while Mexico, Canada and Japan are top
investors in relative terms. With few exceptions, energy-
related R&D accounts for the vast majority of GBAORD spent
for the environment. Compared to the 2002 most economies
have increased the percentage of GBAORD going to energy
and environment-related programmes.

Over time, all economies considered show a marked
increase in the propensity to patent in environment-related
technologies. Differences exist however in the overall size of
patent portfolios, in the share of environment-related
inventions in total patents, and in the types of technologies
countries are specialised in. The United States, Japan and
Germany own the largest patent portfolios in absolute
terms, and account for the majority of environmental
patents filed under the Patent Cooperation Treaty (PCT):
more than 61% of environmental management patents, and
about 54% of all energy generation patents. Denmark
conversely is the economy most specialised in environ-
ment-related patenting (about 14% of Danish patents are
filed in the field), followed by Norway, Austria, Japan and
Germany, all with shares above 11% of total patenting. In all
economies considered, most patenting occurs in energy
generation and environmental management.

Definitions

Government budget appropriations or outlays for R&D
(GBAORD) measure the funds that governments allo-
cate to R&D to meet various socio-economic objec-
tives. These are defined on the basis of the primary
purpose of the funder and include control and care for
the environment as well as energy. Patents in environ-
mental technologies are identified using refined search
strategies based on the International Patent Classifica-
tion (IPC) and the detailed European Classification
System (ECLA), and drawing upon the expertise of
patent examiners at the European Patent Office (see
OECD, 2011, and Hascic et al., 2012, for details).
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4. TARGETING NEW GROWTH AREAS

2. Green innovation

Patents in selected environmental technologies, 1998-2000 and 2008-10
As a percentage of total Patent Cooperation Treaty patent applications
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Source: OECD, Patent Database, June 2013. See chapter notes.
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Countries' share in selected environmental technologies, 2008-10
Percentage of Patent Cooperation Treaty patent applications
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Source: OECD, Patent Database, June 2013. See chapter notes.
StatLink %= http://dx.doi.org/10.1787/888932891948

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 produc-
tion, storage, transport, distribution and rational use of all forms of energy, but exclude research on prospecting and
on vehicle and engine propulsion. In addition to R&D, the International Energy Agency collects and publishes related
data on government support for energy demonstration projects, typically referred to as RD&D. The notion of which
technologies are considered “environmental” evolves over time, as it tries to reflect the public consensus on the com-
parative usefulness of different technologies in reducing environmental impact. Patent data allow for identifying more
“integrated” technological innovations, even though patents do not cover all innovations. Using data from different
patent authorities, especially national ones, and tracking priorities may provide useful information about where and
when different environmental technologies are born and develop and how they spread (or not) across economies.
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Government funding of health-related R&D, 2012
As a percentage of GDP
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3. Health innovation

Economies worldwide face important social challenges.
Health care for ageing populations, long-term chronic
illnesses such as diabetes, drug-resistant diseases or global
pandemics are among governments’ most important policy
challenges. Innovation can greatly improve the capacity of
health systems to address these problems and help contain
costs. The public sector plays a significant role, alongside
businesses and non-profit organisations, by supporting
R&D and innovation both directly and indirectly and
through procurement of new treatments resulting from
R&D.

Data on government budget appropriations or outlays for
R&D (GBAORD) show that direct government support of
health-related R&D in OECD countries was about 0.1% of
their combined GDP in 2012. Health R&D funding is largest
in the United States, in both absolute and relative terms, at
around 0.23% of GDP. Adjusting for institutional differences
in the funding, however, health R&D reaches some 0.26% of
GDP in Sweden and above 0.22% of GDP in Austria.

Economies also differ in the extent to which they appropri-
ate the results of health-related innovative activities and in
the importance of health patents in overall patenting. In
Israel and India health patents account for more than 28%
of total patents filed under the Patent Cooperation Treaty
(PCT), whereas in Japan, China and Finland they represent
well under 10%. Over time, the relative weight of health
patents in overall patenting has generally decreased in
OECD and BRIICS economies. The United States, Japan and
Germany account for the majority of pharmaceutical
patents filed under the PCT system.

Definitions

Direct health GBAORD comprises government R&D bud-
gets primarily committed to the socio-economic
objective of protecting and improving human health.
Funds related to the advancement of knowledge are non-
oriented research funds and general university funds,
i.e. the estimated R&D content of government block
grants to universities, for which it is possible to iden-
tify the amount dedicated to R&D in the medical
sciences. Other health-related funds are ad hoc OECD
estimates based on national sources that cover
general support for R&D in hospitals and related areas
that are excluded from GBAORD estimates. Health-
related patents are identified using Schmoch’s classifi-
cation (2008, revised in 2013): pharmaceuticals are
patents filed in class A61K, excluding A61K8/* (cos-
metics) of the International Patent Classification (IPC);
medical technologies patents relate to IPC classes A61 [B,
C,D,F, G H,J, L, M, N] and HO5G. Pharmaceuticals are
considered an area of application rather than a
specific technology while medical technologies gener-
ally refer to products and technologies such as operat-
ing tables and massage devices.
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3. Health innovation

Health-related patents, 1999-2001 and 2009-11

As a percentage of total Patent Cooperation Treaty patent applications
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Source: OECD, Patent Database, June 2013. See chapter notes.
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Countries' share in pharmaceutical patents, 2009-11
Patent Cooperation Treaty patent applications
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Source: OECD, Patent Database, June 2013. See chapter notes.
StatLink SazP http://dx.doi.org/10.1787/888932892005

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. The
GBAORD health category is used as a proxy for total central government funding of health-related R&D, even though
it only covers programmes for which health is the primary objective. The classification of funds depends on how gov-
ernments present R&D priorities and 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. Health patent data relate to patent
applications filed under the PCT and are based on the priority date, the inventor’s residence and fractional counts.
Only economies that applied for more than 250 patents in 2009-11 are included. Different data sources might lead to
different results.
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Number of firms active in biotechnology, 2011
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4. Biotechnology R&D

Biotechnology comprises a number of related technologies
with a wide range of current and potential applications in
many sectors and is of significant interest to policy makers.

Number of biotechnology firms is the most widely available
indicator but it is not the best measure of a country’s acti-
vity in biotechnology, owing to large differences in firm size
and R&D intensity. The United States has 7 970 biotechnol-
ogy R&D firms, followed by Spain with 3 025 biotechnology
firms, and France with 1 481 biotechnology R&D firms.

Data on business enterprise expenditures on research and
development (BERD) for biotechnology provide a direct mea-
sure of research effort. The United States devotes almost
10% of total US BERD to biotechnology (USD 27 374 million
PPP) and accounts for about 66% of total biotechnology BERD
expenditures in the 28 countries for which data are avail-
able.

On average, biotechnology accounted for 5.9% of total BERD
in 2011. Denmark spends the most on biotechnology R&D as
a percentage of BERD (19.4%) followed by Ireland (17.2%) and
Switzerland (12.6%).

The government and higher education sectors play a key
role in supporting biotechnology R&D. Data on biotechnol-
ogy R&D expenditures in the government and higher educa-
tion sectors are available for 18 countries. In 11 countries
the amount spent by the two sectors exceeds that of the
business sector. Reflecting this strong public support, the
highest levels are found in Germany (USD 5 972 million PPP),
followed by Korea (USD 2 468 million PPP) and Spain
(USD 1 346 million PPP). The biotechnology share of total
R&D expenditures is highest in Germany, at 21.2%, followed
by Korea (19.8%) and Spain (14.3%).

Definitions

The OECD defines biotechnology as 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.

This definition is deliberately broad, covering modern
biotechnology but also many traditional or borderline
activities. For this reason, the OECD recommends that
it should always be accompanied by a list-based defi-
nition based on seven categories that serves as an
interpretative guideline. The categories are: DNA/RNA,
Proteins and other molecules, Cell and tissue culture
and engineering, Process biotechnology techniques,
Gene and RNA vectors, Bioinformatics, and Nanobio-
technology. In addition, respondents are usually given
write-in option for new biotechnologies that do not fit
any of the categories. A firm that reports activity in
one or more of the categories is defined as a biotech-
nology firm.
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4. Biotechnology R&D

Biotechnology R&D in the business sector, 2011

[ Total biotechnology R&D expenditures, 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, Key Biotechnology Indicators, http://oe.cd/kbi, and OECD, Main Science and Technology Indicators Database, www.oecd.org/sti/msti.htm,
June 2013. See chapter notes. StatlLink iz http://dx.doi.org/10.1787/888932892043

Biotechnology R&D in the government and higher education sectors, 2011

[ Total biotechnology R&D expenditures in the government and higher education sectors, millions USD PPP (left-hand scale)
<> Asapercentage of total expenditures on R&D in the government and higher education sectors (right-hand scale)
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Source: OECD, Key Biotechnology Indicators, http://oe.cd/kbi; and OECD, Main Science and Technology Indicators Database, www.oecd.org/sti/msti.htm,
June 2013. See chapter notes. StatLink sz http://dx.doi.org/10.1787/888932892062

Measurability

Firms’ biotechnology activities can be measured by dedicated surveys of these firms, questions on biotechnology added
to national R&D surveys of firms and available secondary sources. Data comparability depends on how biotechnology
statistics are collected.

There are three types of biotechnology firms:

1. A biotechnology firm engages 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 of biotechnology firms are largely defined by the method of data collection.

2. A dedicated biotechnology firm devotes at least 75% of its production of goods and services, or R&D, to biotechnology.
These firms are captured by biotechnology firm surveys.

3. A biotechnology R&D firm performs biotechnology R&D. Dedicated biotechnology R&D firms, a subset of this group,
devote 75% or more of their total R&D to biotechnology. These firms are captured by R&D surveys.

The OECD 2009 guidelines provide a common basis for collecting and reporting biotechnology R&D statistics in the gov-
ernment and higher education sectors.
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Number of firms active in nanotechnology, 2011
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5. Nanotechnology R&D

Nanotechnology is commonly considered a very promising
technology domain in terms of business opportunities in vari-
ous industries, especially in the context of pressing societal
challenges relating to energy, health care, clean water and cli-
mate change. However, nanotechnology metrics are lacking.
Better metrics are necessary to monitor and benchmark nano-
technology for future policy needs.

In 2013, the OECD undertook an experimental data collection
on nanotechnology R&D. The United States has the largest
number of nanotechnology-active firms (4 928), followed by
Germany (960) and France (524). In 8 out of 17 countries firms
could report the same R&D in multiple research areas. In this
respect, the overlap of nanotechnology and biotechnology
ranges between 19% in Italy, where only about 19% of firms are
active both in nanotechnology and biotechnology, to 65% in
the United States.

Data on business enterprise expenditures on research and
development (BERD) for nanotechnology provide a better mea-
sure of the research effort. On average, nanotechnology
accounted for almost 2% of total BERD in 2011. The
United States has the strongest focus on nanotechnology R&D
(4.8% of total BERD), followed by Mexico (4.6%) and the Russian
Federation (3.5%). The United States spends the most on nano-
technology BERD (USD 13 500 million PPP), representing
almost 75% of total nanotechnology BERD expenditures in the
17 countries for which data are available.

The share of nanotechnology in the government and higher
education sector’s total expenditures on R&D provides an indi-
cator of the importance governments accord to nanotechno-
logy R&D. The share is highest in the Russian Federation, at
5.6%, followed by Korea (4.7%) and Portugal (3.5%).

These data are partly reflected in government and higher edu-
cation sector expenditures on nanotechnology R&D that are
largest in the Russian Federation (USD 729 million PPP), fol-
lowed by Japan (USD 542 million PPP) and Korea (USD 316 mil-
lion PPP).

Definitions

There is no internationally agreed statistical definition
of nanotechnology. The development of a range of
comparable nanotechnology indicators depends on a
uniform set of definitions.

The International Organization for Standardization
defines nanotechnology as: “Understanding and con-
trol of matter and processes at the nanoscale, typically,
but not exclusively, below 100 nanometres in one or
more dimensions, where the onset of size-dependent
phenomena usually enables novel applications, by utiliz-
ing the properties of nanoscale materials that differ from
the properties of individual atoms, molecules, and bulk
matter to create improved materials, devices and sys-
tems that exploit these new properties.”
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5. Nanotechnology R&D

Nanotechnology R&D in the business sector, 2011

[ Total nanotechnology R&D expenditures, millions USD PPP (left-hand scale)
< Nanotechnology R&D as a percentage of total business expenditures on R&D (right-hand scale)

Millions USD PPP %
1800 4 6
o
1200 14
S
o
600 | > © 15
< IS
S
o
o o
0

< 0
A

co?‘ §$ ‘(Q?\ Qgco <\V“ %Q}/ G{& &\* g& 6\‘/@ /\§$ Q@k* $QQ‘ %A% QQ\ é‘\‘

&

N

Note: This is an experimental indicator. International comparability may be limited.
Source: OECD, Key Nanotechnology Indicators, http://oe.cd/kni; and OECD, Main Science and Technology Indicators Database, www.oecd.org/sti/msti.htm,
June 2013. See chapter notes. StatLink iz http://dx.doi.org/10.1787/888932892100

Nanotechnology R&D in the government and higher education sectors, 2011

[ Total nanotechnology R&D expenditures in the government and higher education sectors, millions USD PPP (left-hand scale)
< Asa percentage of total expenditures on R&D in the government and higher education sectors (right-hand scale)
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Note: This is an experimental indicator. International comparability may be limited.
Source: OECD, Key Nanotechnology Indicators, http://oe.cd/kni; and OECD, Main Science and Technology Indicators Database, www.oecd.org/sti/msti.htm,
June 2013. See chapter notes. StatLink Sa=m http://dx.doi.org/10.1787/888932892119

Measurability

Firms’ nanotechnology activities can be measured by dedicated surveys of these firms, questions on nanotechnology
added to national R&D surveys of firms and available secondary sources. Data comparability depends on how nano-
technology statistics are collected.

There are three types of nanotechnology firms:

1. A nanotechnology firm uses nanotechnology to produce goods or services and/or to perform nanotechnology R&D.
These firms are captured by nanotechnology firm surveys.

Two subgroups of nanotechnology firms are largely defined by the method of data collection.

2. A dedicated nanotechnology firm devotes at least 75% of its production of goods and services, or R&D, to nanotech-
nology. These firms are captured by nanotechnology firm surveys.

3. A nanotechnology R&D firm performs nanotechnology R&D. Dedicated nanotechnology R&D firms, a subset of the
group, devote 75% or more of their total R&D to nanotechnology. These firms are captured by R&D surveys.
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R&D expenditure in information industries, 2011
As a percentage of GDP
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sources, June 2013. See chapter notes.
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6. ICT innovation

Information and communication technologies (ICT) and
related industries have been at the root of key changes in
the global economy in recent decades. In 2011, business
R&D expenditures (BERD) of information industries in many
OECD countries accounted for 20-25% of BERD and for 0.2-
0.3% of GDP. In Korea, Finland, Japan, the United States and
Sweden, the share ranges from 30% to 50% or more of BERD
and from 0.7% to 1.5% or more of GDP, owing to the high
research intensity of these economies and of the sector
itself.

In general, ICT R&D expenditures tend to be concentrated in
the manufacturing sector, even when goods production is
offshored. Telecommunication services remain minor per-
formers of R&D, while IT services have gained ground in Ire-
land and Denmark, where R&D expenditure on publishing
and audiovisuals (which includes some software develop-
ment activities) is also substantial.

ICT BERD intensity is generally mirrored by the relative
share of ICT-related patents. For the OECD as a whole, in
2009-11, ICT patents represented more than one-third of
world patents filed under the Patent Cooperation Treaty
(PCT), although this is 5% less than in 1999-2001. In contrast,
the importance of ICT patents in BRIICS economies doubled,
largely because of China. Overall, the share of computer
patents is similar to that of other ICT-related technologies (a
third each); telecommunication services remain slightly
above 20% and are more important in economies with a
higher share of ICT-related patents.

The pervasive presence of ICT is apparent in the spread of
broadband connectivity in businesses, which was universal
for larger enterprises in almost all OECD countries in 2012,
and 90% or more even in smaller businesses with 10 to 49
employees.

Definitions

Information industries includes ISIC Rev.4 Division 26
(Manufacture of computer, electronic and optical
products) and Section J (Information and communica-
tion), consisting of Divisions 58-60 (Publishing and
broadcasting industries), 61 (Telecommunications)
and 62-63 (Computer programming and information
service activities). Hence, information industries
encompass ICT industries (under Divisions 26, 61 and
62-63, plus a small component in 58), excluding trade
and repair activities, and media and content industries
(included in Divisions 58-60 and in the Group 639).
BERD includes all expenditures performed by enter-
prises, irrespective of their funding. They are pre-
sented by main sector of activity of the enterprise in
terms of turnover. The different types of ICT-related
patents are identified following Schmoch’s classifica-
tion (2008, revised in 2013). Broadband connectivity
refers to the availability of Internet access by the
enterprise at a speed higher than 256 Kbit/s, for firms
with 10 or more employees.
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6. ICT innovation

ICT-related patents, 1999-2001 and 2009-11
As a percentage of total PCT patent applications
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Source: OECD, Patent Database, June 2013. See chapter notes.
StatLink SazP http://dx.doi.org/10.1787/888932892157

Enterprises with broadband connection, by employment size, 2012
Fixed and mobile connections, as a percentage of all enterprises

o Al <& Large A Medium == Small

100 ;8 & A& R xR

95

9

85 A
*

80

75 L

70 |
N S & K A& N & & 4 S &N NN
I F TN IS ST NI STSLFT T LI LT EE

60

40

Source: OECD, ICT Database, June 2013, and Eurostat, May 2013. See chapter notes.
Statlink iz http://dx.doi.org/10.1787/888932892176

Measurability

Countries’ statistics on BERD by industry are not always available at the same level of detail. The industry coding of
enterprises is a major concern, owing to possible shifts in the main sector of activity of large R&D performers (e.g.
physical production is outsourced), and to different corrections for R&D performed by specialised subsidiaries. Also,
R&D figures generally do not include ICT-related R&D performed outside the sector.

A higher share of patents in ICT-related classes with respect to industry’s R&D expenditure may also reflect differ-
ences in the propensity to patent of different technological areas and economies.

Enterprises surveyed for ICT usage usually include small (10 to 49 employees), medium (50 to 249) and large (250 and
more) enterprises in the non-agricultural business sector. Financial services are not considered. Differences in
coverage across economies may affect results, and definitions may also require further harmonisation to achieve full
comparability of broadband metrics.
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Internet connection speed, September 2012
Broadband median and average advertised download speeds, Mbits per second
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7. Broadband price and quality

With faster Internet connection speed (bandwidth) and
lower Internet service prices, new applications are becom-
ing available for individuals and businesses. Internet users
can now be “always-on”, perform a growing number of tasks
remotely and move seamlessly between different devices.
Fast and affordable connections are thus an important
driver of societal development and economic competitive-
ness alike.

OECD-area broadband speed levels, as measured by median
and (usually higher) average advertised connection speeds
for fixed line subscriptions, are relatively high overall but
cross-country differences are still wide. Whereas OECD-
wide median speeds in September 2012 stood at 12 Mbit/s
(the average speed being above 20), leading countries were
above 40 Mbit/s and lagging ones were at 4 Mbit/s or less.
Despite lower income levels, some countries have been able
to leapfrog and adopt the latest broadband technologies.

Internationally comparable price baskets, expressed in pur-
chasing power parities (PPP), also range widely from USD 60
or more to less than USD 20 a month for a fixed-line
subscription of 15+Mbit/s and up to 33 GB. For this relatively
“high-end” basket, subscription prices tend to be lower in
countries that offer more bandwidth. Past experience shows
that in most countries monthly subscription prices tend to
be relatively sticky, with offers that propose significant
improvements in the quality of connections. Price setting is
also strongly affected by network regulation policies.

For mobile connectivity, all countries offer voice plus data
packages that include a given volume of traffic (mobile
voice traffic is still usually more costly than fixed-line). For
a representative array of such offers, prices also range
widely. A typical mid-range basket (100 calls/500 Mbit) is
priced in most countries at USD 20 to USD 40 PPP a month;
in a few it costs about USD 10 PPP and in others over
USD 50 PPP. Prices of low- and high-end baskets tend to
show a similar inter-country pattern. Mobile and fixed
broadband offers show a mild positive correlation.

Definitions

The OECD methodology for measuring prices of com-
munication services is based on consumption pat-
terns or “baskets” of fixed, mobile and leased line
communication services, collected from several opera-
tors with the largest market shares in each country.
USD PPP is used to facilitate international compari-
sons. For the purpose of this data collection, speeds
are those advertised by three operators and are not
likely to correspond to typical throughput. When not
explicitly stated, maximum speeds were imputed
based on the bandwidth typically associated with the
technology considered.
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7. Broadband price and quality

Prices of fixed broadband basket, 33 GB, 15 Mbit/s and above, September 2012
USD PPP
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Source: OECD and Teligen, September 2012. See chapter notes.
StatLink SazPa http://dx.doi.org/10.1787/888932892214

Prices of mobile voice calls plus data traffic reference baskets, August 2012
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Source: OECD and Teligen, September 2012. See chapter notes.
StatLink SazP http://dx.doi.org/10.1787/888932892233

Measurability

To collect broadband price and speed data, 1 950 stand-alone fixed broadband offers from 102 operators and 1 300
mobile voice plus data offers from 74 operators in the 34 OECD countries were surveyed for the OECD Communications
Outlook 2013.

For fixed broadband, a set of three operators per country was chosen (with an average of 19 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. Offers had to be advertised clearly on the operator’s website; all DSL, cable and fibre
offers were recorded but not used in calculations when speed was lower than 256 Kbit/s; offers considered were for
month-to-month service and had to be available in the country’s largest city or in the largest regional city for firms
with only regional coverage. Mobile baskets were based on consumers’ profiles and offers available from the largest
operators in each country.
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Wireless broadband penetration by technology,
December 2009 and 2012
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8. Fixed and wireless broadband

Broadband diffusion remains uneven across OECD econo-
mies but continues to increase everywhere. Progress has
been particularly swift in mobile (terrestrial wireless) broad-
band, with the OECD area penetration rate doubling in three
years to more than 60% at the end of 2012. Subscriptions
reached over 100% in Korea, Australia and some Nordic
countries, but stood at 30% or less in Slovenia, Chile, Turkey,
Hungary and Mexico. However, as the main channel of
uptake is standard mobile subscriptions (with nearly uni-
versal diffusion in all OECD economies) and considering
progress to date, mobile broadband appears to have great
catch-up potential in lagging economies.

The penetration of fixed (wired) broadband also varies; over
35% of residents have subscriptions in six out of 34 OECD
countries but less than 20% in six others. Here the digital
divide is smaller, and take-up has increased smoothly in
recent years; countries at the lower end of the distribution
also show a significant deficit in the diffusion of faster con-
nections, a sign of an infrastructure problem.

Broadband subscriptions and speeds generally reflect coun-
tries’ relative income levels. This can be fully appreciated
when considering Internet access within countries; in 2012
households in the top income quartile had access rates
above 90% in nearly all countries, while those in the bottom
quartile had rates of 60-70% in leading (and relatively
wealthier) countries and down to 10-20% in lagging ones. In
recent years, however, the gap in access between high- and
low-income households has closed almost everywhere, as
the Internet has become more affordable and gained higher
priority among consumers’ choices.

Definitions

The broadband indicator is composed of two catego-
ries: fixed wired and wireless broadband, which are
presented separately. Fixed wired broadband includes
DSL, cable, FTTH and other fixed broadband connec-
tions based on wired technology. Wireless broadband
includes satellite and terrestrial fixed and mobile
wireless. Depending on data availability, this last is
divided into standard mobile (with active use) and
dedicated data subscriptions. All components include
only connections with advertised data speeds of
256kbit/s or more. Statistics on Internet access by
households consider the possibility of connecting to
the Internet from the premises of the household, irre-
spective of the technology used (wired or wireless) and
of advertised speed. A standard mobile subscription is
counted as an active broadband subscription only
when it allows for full access to the Internet via HTTP
(subscriptions that only offer walled gardens or email
access are not counted) and when content or services
were accessed using the Internet Protocol (IP) during
the previous three months.
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8. Fixed and wireless broadband

Fixed wired broadband penetration by speed tiers, December 2009 and 2012
Subscriptions per 100 inhabitants and actual speed in Mbits per second
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Source: OECD and Akamai, June 2013. See chapter notes.
StatLink iz http://dx.doi.org/10.1787/888932892271

Household Internet access by income quartile, 2008 and 2012
As a percentage of all households
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Source: OECD, ICT Database and Eurostat, June 2013. See chapter notes.
StatLink SazP http://dx.doi.org/10.1787/888932892290

Measurability

Information on residential vs. nomadic usage and real speed is difficult to ascertain from connectivity information.
Besides some overlaps in definitions (with fixed wireless and satellite connections referring mainly to fixed usage),
frontiers in the use of devices and connections are increasingly blurred. For instance, many people disposing of a wire-
less subscription mostly use their domestic wi-fi for their smartphones and tablets at home. The relevance of free-of-
charge hotspots (based on wired technology) is potentially huge; for example in France, some operators allow their
fixed-line subscribers to use mobile connections by relying on the network of other wired subscribers’ wi-fi enabled
modem-routers. Household access statistics are also far from homogeneous. For income, differences in definitions
and data quality may raise comparability issues. Income is usually assessed in terms of thresholds and then con-
verted. Nearly all countries in the European Statistical System do not correct income data for the size of the house-
hold, while Korea does not operate a conversion to quartiles.
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Regular Internet users, by age, 2012
As a percentage of the population in each age group
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9. Internet users

The diffusion of the Internet still differs widely among
OECD countries: 90% and more of the adult population in
Korea and some northern European countries are regular
users (which is lower overall than all users by 5% to 10%),
but this ratio is less than 60% in some southern and eastern
European countries and in Mexico. The differences are
primarily linked to age, income and educational factors,
which are often intertwined.

In most countries, uptake by young people is nearly univer-
sal, but there are wide differences for older generations
(notably seniors), and these shape the overall ranking of
countries. The role of education appears to be much more
relevant for determining Internet usage by these groups
than for young people. The share of regular users among 65-
74 year-olds with tertiary education is in line with that of
the overall population and, in leading countries, approaches
that of 16-24 year-olds. Older people, particularly those with
less education, are thus a potential focus of strategies to
reduce the digital divide.

Purchasing of goods and services over the Internet requires
familiarity and trust. The share of Internet users buying
products on line ranges from 20% to 70% of adults in report-
ing countries: the country ranking is similar to that of regu-
lar Internet usage, but with important changes over time
owing to swift progress in some countries. The impact of
income on this activity is reflected in the leading role of
25-44 year-olds compared to younger generations (every-
where but Korea), as well as in the reduction of the gap for
65-74 year-olds in many countries.

Definitions

Regular users of the Internet are defined as individuals
having used the Internet at least once a week during
the last three months.

The education gap corresponds to the percentage differ-
ence between the proportions of regular users of the
Internet with tertiary education (ISCED level 5 or 6)
and with at most lower-secondary education (ISCED
levels 0, 1 and 2). This can also take account of specific
characteristics of individuals, such as their age.

Online purchases are a component of electronic com-
merce (e-commerce). This includes transactions of
goods and services “conducted over computer net-
works by methods specifically designed for the pur-
pose of receiving or placing orders” (OECD, Measuring
the Information Society, 2011). For individuals (whether
sellers or purchasers), such transactions typically
occur over the Internet, while most business-to-busi-
ness (B2B) e-commerce takes place using other means,
such as electronic data interchange (EDI) systems.
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9. Internet users

Regular Internet users by educational attainment and age, 2012
As a percentage of the population with the same educational attainment in each age group
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Source: OECD, ICT Database, and Eurostat, June 2013. StatLink contains more data. See chapter notes.
StatLink SazP http://dx.doi.org/10.1787/888932892328

Individuals who purchased on line in the last three months, by age class, 2012
As a percentage of Internet users

% = Al & 16-24 A 25-44 = 65-74 < 2007
90

80 A A

AN
70 H ’." & A

D

AN
60 XX < 0 -
ZS

D

50 3R X
40 1 J &

3

X O
&%
D
D

30 H
20

<2

2
X
X

10 H <S>
0

© S o A A
FEFTFL TFFIFTTFTFE S T ST E X FL S OS¢

Source: OECD, ICT Database, and Eurostat, June 2013. See chapter notes.
StatLink Sa=P http://dx.doi.org/10.1787/888932892347

Measurability

Not all OECD countries survey ICT usage by households and individuals. The collection of information and data avail-
ability for specific indicators also vary: in Australia, Canada, Chile, Israel and New Zealand, surveys are on a multi-year
or occasional basis, while in other countries they are annual. For European countries, they also involve fully harmon-
ised indicators, but even here data collection practices differ: for instance, ICT usage is generally monitored with a
dedicated survey, but in Austria, Belgium, the Czech Republic, Estonia and Ireland data are collected within the Labour
Force Survey, and in Italy and the United Kingdom within a general survey on living conditions.

Another source of diversity is the compulsory or voluntary nature of responses (e.g. in the European Union, the survey
is only compulsory in eight countries). Also, for online purchases in European countries the recall period is the last
three months, while most other countries use the last 12 months. Data on usage with respect to educational attain-
ment of different age groups may also raise issues of the robustness of the information, especially for smaller coun-
tries, owing to sampling size and survey design.
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Acceleration in the development of patented technologies,
2000-11

Top 40 technologies, international patent classification classes and their
development speed over time
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10. Emerging technologies

New technologies and new fields emerging from the combi-
nation of different technologies take time to develop and
mature. Experimentation, in the form of R&D or inventive
activity over several years, is sometimes followed by a sud-
den and marked increase in innovative activity that is typi-
cal of the development of successful new technologies. The
accelerated development of these technologies, i.e. their
“burst”, can be identified with an experimental methodol-
ogy that detects sharp rises in the frequency of patent fil-
ings in different areas. This methodology also indicates
which technologies are likely to continue booming over the
next few years.

The timing and intensity of patent bursts in technology
areas show that early developments generally occur in pat-
ent classes that are later abandoned in favour of new tech-
nological solutions in different patent classes. Depending
on the field, the move from one technology to another may
take place in a continuous fashion (e.g. in data processing
and storage) or as simultaneous bursts followed by
relatively flat patenting activity and then by later bursts as
different technologies emerge (e.g. in chemistry and bio-
technology, phone and wireless communication).

The acceleration of the co-development of pairs of patent
classes over time shows the extent to which new fields arise
from the cross-fertilisation of different technologies. New
display devices, for instance, resulting from co-innovations
in basic electric elements (IPC class HO1), displaying devices
(G09) and optics (G02), underwent a burgeoning develop-
ment phase in 1996-2001 followed by a less intense activity
in 2006-11. Conversely, a growing number of co-develop-
ments have been occurring between medical and veterinary
science (IPC class A61) and biochemistry (IPC class C12), and
between measuring and testing (IPC class GO1) and medical
and veterinary science.

Definitions

The acceleration in the development of patented technol-
ogies, or patent “burst”, corresponds to periods, i.e.
years, characterised by a sudden and persistent
increase in the number of patents applied for in a cer-
tain technology field. The intensity of the burst
reflects the pace at which the acceleration occurs.
Technology bursts are identified at the 4-digit level of
the International Patent Classification (IPC). Accelera-
tions in co-developments are detected by looking at the
application patterns and bursts of all possible pairs of
4-digit IPC classes contained in patent documents. Top
patent bursts are selected by comparing the intensity
of the accelerations observed. Technology areas are
identified on the basis of content analysis of the IPC
classes considered.
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10. Emerging technologies

Acceleration in the co-development of patented technologies, 1996-2001 and 2006-11
Top 50 co-developments of IPC classes by development speed observed in the 2000s

® 2006-2011 O 1996-2001
IPC code
HO5B i Digital data acquisition, International Patent Classes (IPC)
processing and :
HO4W | Energy storage and transmission A01 - Agriculture
H04Q | distribution for electric A61 - Medical/veterinary science
and hybrid vehicles

HO4N | A63 — Sports, games, etc.
HO4L | BO1 — Physical or chemical devices
Ho2J Semiconductors B60 — Vehicles

HOIM | Displayin ) €07 - Organic chemistry

Ho1L | @ devices / X\rlllée(;(iagistal €09 - Dyes, paints, etc.

609G T Batteries  communication 11 - Qils, fats and waxes
gggE | El;e/ctronic games @ C12 - Biochgmistr.y

aoee F o o C40 - Combinatorial technology
GooF | Detergents D06 — Treatment of Textiles
cotv | gii:ﬁgliﬁ%gnd o 1 E21 — Earth/rock drilling, mining
GO1N S «— Lighting F21 - Lighting

o1y .le F24 — Heating, ventilating, etc.
Fo1V () GO01 - Measuring, testing

¢120 ) G03 - Photography, etc.

C1op PCT patent applications G06 — Computing

C12N Micro- (@) 500 patents GO7 — Checking-devices

Co7K i et e @ 1000 G09 - Educating, display, etc.
Cco7D G11 - Information storage

C07B HO1 - Basic electric elements
BeOW «— Electric 10 000 patents H02 - Electric power

B6OL Sgﬁigﬁ”d H04 - Electric communication
A61K HO5 - Electric techniques n.e.c.
A61P ! I N | T T S N T S R S N T N R N T R T R
@\iq’\ @8@(%@;@:8“%@%@%@ (,és{‘b@s@%@%@:&&‘@é&& %Q\%@(ﬁ@%é@@@é(3\\%@\»@@@&@%“%%“@

Note: The technologies experiencing an acceleration in co-development can be identified at the intersection of the x and y axes (e.g. electronic games
arise from the combination of A63F, sports, games etc., and GO6F, computing). Co-developments that have increased in importance over time are
characterised by dark bubbles that are bigger than light bubbles (e.g. biotechnologies arising from the combination of A61P, medical/veterinary science,
and AO1N, agriculture). Co-development for which the intensity has been fading is characterised by light bubbles that are bigger than dark bubbles (e.g.
micro-molecular chemistry, at the intersection of CO7K, organic chemistry, and C12N, biochemistry).
Source: OECD calculations based on the Worldwide Patent Statistical Database, EPO, April 2013. See chapter notes.

StatlLink iz http://dx.doi.org/10.1787/888932892385

Measurability

The patent burst experimental methodology is based on work done by Kleinberg (2003). Bursts are evaluated in rel-
ative terms, i.e. in comparison with the patent application patterns typically observed in previous years in the tech-
nology fields considered and with what occurs in other fields. This is done to distinguish technology- or field-
specific increases from generalised increases in overall patenting activity. Only IPC combinations with positive burst
intensities are included. Applying the burst methodology to detect sudden and persistent decreases in patenting
activity may provide insights into technologies and technology fields that are abandoned or become obsolete. Data
relate to patent applications filed through the Patent Cooperation Treaty (PCT) system. Using data from different
patenting authorities, especially national offices, may shed light on the technology specialisation of economies and
the different development trajectories of technologies across countries and over time. Tracking patent bursts over
time, especially those characterised by an initially small number of patent applications, might help uncover new
technological trajectories.
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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 recognizes 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
Union:

“The Republic of Cyprus is recognised by all members of the United Nations with the exception of Turkey. The infor-
mation 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 or third
party. 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.”

4.1. R&D funding and specialisation

R&D specialisation, top three performing industries, 2011

For comparability reasons, estimates are only calculated for countries with data available by main economic activity based
on ISIC Rev.4 or an analogous classification.

ISIC Rev.4 Divisions as follows: Agriculture, mining, utilities and construction: 01-03, 05-09, 35-39 and 41-43; Chemicals and
minerals: 19-23; ICT equipment: 26; Information and communication services: 58-63; Electrical equipment and machinery
nec: 27-28; Transport equipment: 29-30; Finance and other business services: 64-66 and 69-82 excluding 72; R&D services:
72; Wholesale, retail and transport services: 45-47, 49-53, 55-56.

For Australia, Denmark, France, Germany, Italy, the Netherlands, Portugal, Spain and the United Kingdom, data refer to 2010.
For Austria, Belgium, Sweden and the United States, data refer to 2009.

For Switzerland, data refer to 2008.

Data are drawn from national sources for Canada and Switzerland.

For Estonia, “Chemicals and minerals” includes a significant investment in new technology in the oil industry (ISIC Rev.4
Division 19) in 2011.

R&D budgets by socio-economic objectives, 2012

“Other” includes support for research on education and society, exploration and exploitation of space, and budgets not else-
where classified.

For Chile, EU28, France, Israel, Korea, Mexico, Spain, Sweden and the United Kingdom, data refer to 2011.

For Canada, OECD and Switzerland, data refer to 2010.

For Poland, data refer to 2008.

For Israel, a substantial part of defence R&D is not included in estimates reported to the OECD.

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

For Korea, general university funds (GUF) cannot be identified separately from general advancement of knowledge; both
categories are reported under non-oriented research.

For Mexico, GUF cannot be identified separately from general advancement of knowledge; both categories are reported
under the former heading.

For the United States, GUF is not estimated and is therefore not included in total reported GBAORD. General support for
universities is the responsibility of state governments.
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Top two technologies patented by countries, 2009-11

Data relate to patent applications filed under the Patent Cooperation Treaty (PCT). Patent counts are based on the priority
date, the inventor’s residence country and fractional counts. Patents are allocated to technology fields using International
Patent Classification (IPC) codes, following the classification presented in Schmoch (2008, revised in 2013).

4.2. Green innovation

R&D budgets for energy and the environment, 2002 and 2012

Data refer to 2002 and 2012 except for Canada (2010), Chile (2011), EU28 (2011), France (2011), Israel (2011), Italy (2001), Korea
(2011), Mexico (2002), the OECD (2010), Poland (2008), the Russian Federation (2001, 2009), Spain (2011), Sweden (2011),
Switzerland (2010) and the United Kingdom (2011).

General notes:

Patents in selected environmental technologies, 1998-2000 and 2008-10 and;
Countries’ share in selected environmental technologies, 2008-10

Data relate to patent applications filed under the Patent Cooperation Treaty (PCT). Patent counts are based on the priority
date, the inventor’s residence and fractional counts. Patents in environment-related technologies are defined using combi-
nations of IPC classes and codes Y02 of the European Classification (ECLA), as detailed in www.oecd.org/env/consumption-inno-
vation/indicator.htm.

Additional note:
Patents in selected environmental technologies, 1998-2000 and 2008-10

Only economies that applied for more than 250 patents in 2008-10 are included. For technology fields based on ECLA codes,
data for 2008-10 are underestimated.

4.3. Health innovation

Government funding of health-related R&D, 2012

Direct health GBAORD includes government budget appropriations or outlays for R&D primarily committed to the socio-
economic objective of protecting and improving human health.

Funds for the general objective of “Advancement of knowledge”, comprising non-oriented research funds and general uni-
versity funds, the estimated R&D content of government block grants to universities, have been included as health-related
on the basis of available data attributing a fraction of R&D funds in this category to the field of medical sciences. The “Other”
category represents ad hoc OECD estimates based on available national sources covering general support for R&D in hospi-
tals and related areas that is excluded from GBAORD estimates.

For Chile, Denmark, Estonia, Finland, Israel, Italy, Korea, Mexico, Slovenia, Spain, Sweden and the United Kingdom, data
refer to 2011.

For Canada and Switzerland, data refer to 2010.
For the Russian Federation, data refer to 2009.
For Poland, data refer to 2008.

General notes:

Health-related patents, 1999-2001 and 2009-11 and,;
Countries’share in pharmaceutical patents, 2009-11

Data relate to patent applications filed under the Patent Cooperation Treaty (PCT). Patent counts are based on the priority
date, the inventor’s residence and fractional counts. Health-related patents are defined using International Patent Classifi-
cation (IPC) codes, following the classification presented in Schmoch (2008, revised in 2013).

Additional note:

Health-related patents, 1999-2001 and 2009-11:

Only economies that applied for more than 250 patents in 2009-11 are included.
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4.4. Biotechnology R&D

General notes:

Number of firms active in biotechnology, 2011 and;
Biotechnology R&D in the business sector, 2011

Biotechnology firms use 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 perform biotechnology R&D. These firms are captured by R&D surveys.

Dedicated biotechnology firms devote at least 75% of their production of goods and services, or R&D, to biotechnology.
These firms are captured by biotechnology firm surveys.

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

For Denmark and Slovenia data are preliminary.

For the Russian Federation, a proxy indicator is used: R&D expenditure by priority areas of S&T (Life sciences). These
include: Bioengineering; Biocatalysis, biosynthesis and biosensor technologies; Biomedical and veterinary technologies;
Genomics and pharmaco-genetics; Living cell technologies.

Additional notes:

Number of firms active in biotechnology, 2011

For Mexico, data include firms with some biotechnology activity over 2010-11. The data are overestimated as they cover two years
and therefore exclude firm exit. Data are for firms with 20 or more employees only.

For the Netherlands and Sweden, firms with 10 or more employees only.

For the United Kingdom, an estimated 66% of biotechnology firms (for most of which biotechnology, as defined by the OECD,
is the main activity) undertake R&D.

Biotechnology R&D in the business sector, 2011
For Germany, 2011 business expenditures on R&D (BERD) were used to calculate biotechnology R&D intensity, as 2012 BERD was
not available.

For Mexico, with 20 or more employees only. 2010 BERD was used to calculate biotechnology R&D intensity, as 2011 BERD
was not available.

For the Netherlands and Sweden, firms with 10 or more employees only.

Biotechnology R&D in the government and higher education sectors, 2011

Government expenditure on R&D (GOVERD); higher education expenditure on R&D (HERD).
For Italy, the higher education sector is excluded.

For the Netherlands, provisional data; the higher education sector is excluded. Public-sector firms or institutes with 10 or
more employees only.

For the Russian Federation, a proxy indicator is used: R&D expenditure by priority areas of S&T (Life sciences). These
include: Bioengineering; Biocatalysis, biosynthesis and biosensor technologies; Biomedical and veterinary technologies;
Genomics and pharmaco-genetics; Living cell technologies.

For Slovenia, data are provisional.

4.5. Nanotechnology R&D

General notes:

Number of firms active in nanotechnology, 2011 and,
Nanotechnology R&D in the business sector, 2011

Nanotechnology firms use nanotechnology to produce goods or services and/or to perform nanotechnology R&D. These
firms are captured by nanotechnology firm surveys.
Nanotechnology R&D firms perform nanotechnology R&D. These firms are captured by R&D surveys.

Dedicated nanotechnology firms devote at least 75% of their production of goods and services, or R&D, to nanotechnology.
These firms are captured by nanotechnology firm surveys.
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Dedicated nanotechnology R&D firms devote at least 75% of their total R&D to nanotechnology. These firms are captured by R&D
surveys.

For Japan, number of business enterprises with a paid-in capital of JPY 100 million or more.

Additional notes:
Number of firms active in nanotechnology, 2011

For Mexico, data include firms with some nanotechnology activity over 2010-11. The data are overestimated as they cover
two years and therefore exclude firm exit. Data are for firms with 20 or more employees only.

Nanotechnology R&D in the business sector, 2011

For Japan and Mexico, 2010 business expenditures on R&D (BERD) were used to calculate nanotechnology R&D intensity, as
2011 BERD was not available.

For the Russian Federation, preliminary estimates based on data gathered in the R&D survey.

Nanotechnology R&D in the government and higher education sectors, 2011

Government expenditure on R&D (GOVERD); higher education expenditure on R&D (HERD).

For Italy and Korea, the higher education sector is excluded.

For Japan, 2010 GOVERD and 2010 HERD were used to calculate nanotechnology R&D intensity, as 2011 data were not available.
For Korea, 2011 GOVERD and 2011 HERD were used to calculate nanotechnology R&D intensity, as 2012 data were not available.

4.6. ICT innovation

R&D expenditure in information industries, 2011

The “information industries” aggregate comprises ISIC Rev.4 Divisions 26 and 58-63. The terms “ICT equipment”, “Publish-
ing, audiovisual and broadcasting activities”, “Telecommunications” and “IT and other information services” refer to ISIC
Rev.4 Divisions 26, 58-60, 61 and 62-63, respectively. “ICT services not allocated” refers to industries within Divisions 58-63
that cannot be separated.

For Australia, Denmark, France, Germany, Italy, the Netherlands, Portugal, Spain and the United Kingdom, data refer to 2010.
For Austria, Belgium, China, Sweden and the United States, data refer to 20009.

For Switzerland data refer to 2008.

Data from national sources for Canada and Switzerland.

ICT-related patents, 1999-2001 and 2009-11

Data relate to patent applications filed under the Patent Cooperation Treaty (PCT). Patent counts are based on the priority
date, the inventor’s residence and fractional counts. ICT-related patents are defined using International Patent Classifica-
tion (IPC) codes, following the classification presented in Schmoch (2008, revised 2013). Only economies that applied for
more than 250 patents in 2009-11 are included.

Enterprises with broadband connection, by employment size, 2012

For Australia, data refer to 2010/11 (fiscal year ending 30 June 2011) instead of 2012.

For Canada, medium-sized enterprises have 50-299 employees instead of 50-249 persons employed. Large enterprises have
300 or more employees instead of 250 or more persons employed.

For Japan, all businesses with 100 or more persons employed instead of 10 or more, 100-299 instead of 50-249, and 300 or
more instead of 250 or more.

For Mexico, data refer to 2008 instead of 2012 and to businesses with 20 or more persons employed instead of 10 or more.
For Switzerland, data refer to 2011 instead of 2012.

4.7. Broadband price and quality

Prices of fixed broadband basket, 33 GB, 15 Mbit/s and above, September 2012

The OECD basket of fixed broadband services includes total charges for a subscription with a minimum speed of 15 Mbit/s and
33 GB for 60 hours of usage a month. USD purchasing power parities (PPP) are used to facilitate international comparisons.
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Prices of mobile voice calls plus data traffic reference baskets, August 2012

The OECD methodology for measuring prices for communication services is based on consumption patterns or “baskets” of
fixed, mobile and leased line communication services prices, collected from multiple operators with the largest market
shares in each country. The current presentation of the price benchmarking results for mobile broadband services covers
services provided over a handset or smartphone.

The 30 calls/100MB, 100calls/500MB and 900calls/2GB OECD baskets of mobile telephone charges include fixed and usage
charges for respectively 30, 100 and 900 voice calls, and a volume of 100 MB, 500 MB and 2GB of data traffic per month. These
baskets approximately portray small, average and large users of voice and mobile data. USD purchasing power parities (PPP)
are used to facilitate international comparisons. Additional information on the computation methodology can be found in
the OECD Communications Outlook 2013.

4.8. Fixed and wireless broadband

Wireless broadband penetration by technology, December 2009 and 2012

Wireless terrestrial broadband includes standard (voice plus data) and dedicated mobile data subscriptions, as well as ter-
restrial fixed wireless and satellite broadband. The latter two categories in the family of wireless technologies are wide-
spread in only a few countries and, from the usage perspective, correspond to fixed broadband connections.

Standard mobile broadband subscriptions may include dedicated mobile data subscriptions when breakdowns are not available.
Data for Israel, Mexico, Switzerland and the United States are estimates.

Fixed wired broadband penetration by speed tiers, December 2009 and 2012
OECD subscription data (December 2012) merged with Akamai’s actual speed data (2nd quarter, 2012).

Figures on fixed wired broadband subscriptions exclude fixed terrestrial wireless and satellite broadband technologies,
which are typically used in fixed locations. These are grouped with other wireless subscriptions, and are relevant for only a
few countries, and in particular, the Czech Republic (with a penetration rate of 8.6%) and the Slovak Republic (4.8%).

Data for Mexico, Switzerland and the United States are OECD estimates.

Household Internet access by income quartile, 2008 and 2012

For Australia, data refer to 2010/11 (fiscal year ending 30 June 2011) instead of 2012.

For Canada, the Czech Republic, Denmark, Israel, the Netherlands and the United States, data refer to 2011 instead of 2012.
For Chile, data refer to 2009 instead of 2008.

For Korea, data are not available by income quartiles but by thresholds. The bottom quartile was made equivalent to an
income of less than KRW 100 million and the top quartile to an income of more than KRW 300 million.

For New Zealand, data refer to 2006 instead of 2008.

For Switzerland and Turkey, data refer to 2010 instead of 2012.

For the United States, data refer to 2007 instead of 2008.

For Australia, Canada, France, Ireland, Mexico, Turkey and the United Kingdom, data by quartile are not available.

4.9. Internet users

Regular Internet users by age, 2012

National source for the Russian Federation is the Institute for Statistical Studies and Economics of Knowledge, Higher
School of Economics (HSE) of the National Research University, May 2013.

For the Czech Republic, Denmark and the Netherlands, data refer to 2011.

For Korea and Mexico, Internet users are defined for a recall period of 12 months.

For Switzerland, data refer to daily Internet users. Internet users are defined for a recall period of 6 months.

Regular Internet users by educational attainment and age, 2012

For EU countries and Turkey, data by educational attainment for 16-24 and 65-74 year-olds are OECD estimates based on
Eurostat; for 16-24 year-olds, they are a 2010-12 average.

For the Czech Republic, Denmark and the Netherlands, data by educational attainment for 65-74 year-olds refer to 2011.
For Turkey, data refer to 2010.

For Switzerland, Internet users are defined for a recall period of 6 months.

For Mexico data refer to all Internet users defined for a recall period of 12 months.

For Chile and Switzerland, data for the lower educational level include all individuals without tertiary education.
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Individuals who purchased on line in the last three months, by age class, 2012

For Australia, Canada, Chile, Mexico, New Zealand and Switzerland the reference period is the last 12 months.
For Australia, data refer to the financial year ending 30 June 2010 (2009/10) instead of 2012.

For Canada, the question refers to “ordering goods or services over the Internet from any location (for personal or household
use, not business use)”.

For the Czech Republic, Denmark and the Netherlands data refer to 2011 instead of 2012.

For Chile, data refer to 2009 instead of 2007. In 2009, no time period is specified, instead of last 12 months.

For Israel, data refer to all individuals aged 20 and over instead of individuals aged 16-74 and to 2006 instead of 2007.

For Japan, details by age are not available. Data refer to all individuals aged 6 and over instead of 16-74.

For New Zealand, data refer to 2006 instead of 2007 and relate to e-purchases for personal use only requiring an on line payment.
For Switzerland, data refer to 2005 instead of 2007.

For Turkey, data refer to 2010 instead of 2012.

For the United States, data are drawn from the PEW Research Center and cover all individuals aged 18 and over, instead of
16-74, who ever purchased a product on line. Data refer to September 2007 and May 2011.

4.10. Emerging technologies

Acceleration in the development of patented technologies, 2000-11

Data relate to patent applications filed under the Patent Cooperation Treaty (PCT). Patent counts are based on the application
date, the International Patent Classification (IPC) codes and fractional counts. Patent “bursts” correspond to periods character-
ised by the sudden and persistent increase in the number of patents filed at the 4-digit IPC class level. Top patent bursts are iden-
tified by comparing the filing patterns of all 4-digit IPC classes. The intensity of a patent burst refers to the relative strength of
the observed increase in filing patterns. Only IPC classes featuring a positive burst intensity in the 2000s are included.

Descriptions of IPC codes are available at: www.wipo.int/classifications/ipc/en.

Acceleration in the co-development of patented technologies, 1996-2001 and 2006-11

Data relate to patent applications filed under the Patent Cooperation Treaty (PCT). Patent counts are based on the applica-
tion date and the co-occurrence of IPC codes in patents, using fractional counts. Patent “bursts” correspond to periods char-
acterised by the sudden and persistent increase in the number of patents filed in the pairs of 4-digit IPC classes considered.
Top patent bursts are identified by comparing the filing patterns of all possible pairs of 4-digit IPC classes. The intensity of
a patent burst refers to the relative strength of the observed increases in the filing patterns. Technology domains have been
identified through text analysis of the combinations of IPC codes considered. Only IPC combinations with a positive burst
intensity in the 2000s (either starting or ending burst) are included.

Descriptions of IPC codes are available at: www.wipo.int/classifications/ipc/en.
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5. UNLEASHING INNOVATION IN FIRMS

Mixed modes of innovation
Broader innovation

Public support to innovation
The IP bundle

Trademarks
Knowledge-asset-related trademarks
Registered designs
Trademarks and patents
Entry, exit and survival

10 Firm employment dynamics
11. Access to capital

12. Policy environment

Notes and References

VW NO U WN e

A dynamic business sector and favourable framework conditions are crucial to innovation
and entrepreneurship. In their innovation strategies, firms tend to combine the introduction of
new products with the adoption of new production, organisational and marketing methods.
Although much innovation is not R&D-based, the propensity to innovate among firms doing
R&D is consistently higher. For their part, governments play an important role in promoting
investment in innovation. Also critical for innovative firms is the ability to appropriate, exploit
and protect the results of their creative activities. A new indicator on the intellectual property (IP)
bundle points to the joint use of patents, trademarks and industrial designs by firms worldwide.
For the first time patents and trademarks are matched to company data to describe the IP bundle
of firms in different countries and sectors. A novel use of trademark data is also proposed to help
track intermediaries in IP-related transactions. New data on registered designs provide
information on how creativity is protected in countries. Indicators of firms’ birth and death rates
reflect the dynamism of the business sector. Evidence from a new project based on microdata
shows the strong contribution of young firms to job creation. Policy areas for particular attention
are the financing of innovative efforts and fostering the start-up and growth of new firms.
Selected indicators reflect the availability of debt financing and venture capital; regulatory and
taxation indicators are also important as these areas affect entrepreneurial activities.
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1. Mixed modes of innovation

Innovation types by firm size, 2008-10
As a percentage of all SMEs and large firms

I Product or process innovation only

Product or process and marketing or organisational
innovation

Marketing or organisational innovation only
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Source: OECD, based on Eurostat (CIS-2010) and national data sources,

June 2013. See chapter notes.
StatLink Sa=r http://dx.doi.org/10.1787/888932892404
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Firm-level data reveal innovation strategies that combine
different types (“mixed modes”) of innovation: most innova-
tive firms introduce new marketing or organisational meth-
ods alongside product or process innovations since these
are often complementary. In fact, new organisational meth-
ods may facilitate the introduction of a new production pro-
cess or the new process may even require them. This holds
true for both large firms and SMEs in both manufacturing
and services.

Brazil, Israel, Luxembourg and Germany have the largest
share of organisational and marketing innovators: more
than 80% of large firms and more than half of all SMEs intro-
duced such innovations in 2008-10. In the Russian Federation,
Chile and Poland, fewer than 20% of all SMEs introduced
organisational or marketing innovations. A significantly
higher share of large firms than of SMEs introduced product
and process innovations in all countries, and particularly in
Slovenia, Spain and Estonia.

In most countries, the shares of organisational and market-
ing innovating firms are relatively similar across broad
sectors, although in Iceland and Portugal, the share is
significantly higher in services (by 19.2 and 13.4 percentage
points, respectively). In Israel and Brazil, more than 20% of
all firms in manufacturing and 30% in services introduced
organisational or marketing innovations only.

Definitions

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

® 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, incorpo-
rated software, user friendliness or other functional
characteristics.

® 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.

® 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
practices, workplace organisation or external rela-
tions.

Innovation statistics reported in this publication are,

unless otherwise specified, based on a common sec-

toral coverage, defined on the basis of the “core” list of

industries included in the CIS-2008 (see chapter

notes).
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1. Mixed modes of innovation

Innovation in the manufacturing sector, 2008-10
As a percentage of all manufacturing firms
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Source: OECD, based on Eurostat (CIS-2010) and national data sources, June 2013. See chapter notes.
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Innovation in the services sector, 2008-10
As a percentage of all services firms
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Source: OECD, based on Eurostat (CIS-2010) and national data sources, June 2013. See chapter notes.
StatLink == http://dx.doi.org/10.1787/888932892442

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 with the “core” coverage of the Community
Innovation Survey (CIS), this is not always possible owing to survey and sample design. In Korea, these data only cover
the manufacturing sector. Similarly, differences in sectoral coverage in Brazil, Canada, Chile, New Zealand and South
Africa may affect the comparability of some indicators. Finally, 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 product
and/or process innovative firms and may also affect comparability.
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2. Broader innovation

Firms innovating in goods and services, manufacturing
and services, 2008-10

As a percentage of product innovative firms in each sector
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The boundaries between services and manufacturing are
increasingly blurred: a significant share of product innova-
tive firms in manufacturing introduces new services along-
side new goods. However, in Denmark, Norway and Japan,
more than 45% of product innovators in the services sector
only had goods innovations during the period 2008-10. Part
of this apparent blurring of sectoral boundaries may be due
to the fact that some large enterprises are involved in both
manufacturing and service activities (and so would intro-
duce both goods and service innovations), but are classified
in a single industry.

Product innovation is often associated with R&D: in most
countries, more than half of all product innovative firms are
also R&D-active (i.e. they either carry out R&D in-house or
purchase R&D services from others). Yet more than 60% of
product innovators in Luxembourg, New Zealand, France
and Turkey and almost 80% in Brazil do not engage in R&D.
The propensity of firms to innovate in products is also con-
sistently higher among R&D-active firms (between 65% and
85% in most countries) than among those do not engage in
R&D, although there is much greater variability among the
latter.

In most countries, the propensity of product and/or process
innovative firms to be R&D-active is generally higher in
manufacturing than in services. Estonia, Hungary, Portugal,
the Russian Federation and Brazil are exceptions, but the
difference is generally small. Not all innovation is based on
R&D, particularly in services: in Australia and New Zealand
less than 20% of product and/or process innovating firms in
the services sector are R&D-active.

Definitions

The term “product” is used to cover both goods and
services. Product innovations include both the introduc-
tion of new goods and services and significant
improvements in the functional or user characteristics
of existing goods and services.

R&D-active firms are those engaged in intramural or
extramural R&D activities.

Innovation statistics reported in this publication are,
unless otherwise specified, based on a common sec-
toral coverage, defined on the basis of the “core” list of
industries included in the CIS-2008 (see chapter
notes).
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2. Broader innovation

Product innovation, by R&D status, 2008-10
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Source: OECD, based on Eurostat (CIS-2010) and national data sources, June 2013. See chapter notes.
StatLink SazPa http://dx.doi.org/10.1787/888932892480

R&D-active firms, manufacturing and services, 2008-10
As a percentage of product and/or process innovative firms in each sector
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Source: OECD, based on Eurostat (CIS-2010) and national data sources, June 2013. See chapter notes.
StatLink SazP http://dx.doi.org/10.1787/888932892499

Measurability

Because R&D and innovation are related phenomena, some countries collect information on innovation as part of
business R&D surveys. Given that R&D surveys target R&D performers while innovation surveys have a much wider
target population, these differences may affect the comparability of R&D-related data collected from different instru-
ments.

In dedicated surveys that adopt the Community Innovation Survey (CIS) model, firms are typically identified as being
R&D-active when they report carrying out internal or external R&D as part of their product and/or process innovation
activities. The innovation surveys of Australia and New Zealand request this information of all innovative firms
(including those with only organisational or marketing innovations).

Differences in surveys’ sectoral coverage affect the comparability of the data relating to R&D status since some non-
CIS surveys cover less R&D-intensive industries much more extensively. 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.
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3. Public support to innovation

Government-financed R&D in the business sector,
by firm size, 2011

As a percentage of government-financed BERD
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Source: OECD, Research and Development Statistics Database,
www.oecd.org/sti/rds, June 2013. See chapter notes.
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Public support, both direct and indirect, can play a key role
in facilitating firms’ investment in R&D and innovation, par-
ticularly by small and medium-sized enterprises (SMEs). In
most countries, the share of government-financed business
enterprise expenditures on R&D (BERD) to SMEs has
increased in the last decade to between 40% and 80% and to
over 85% in the Slovak Republic, Estonia and Hungary in
2011. However, in Japan, Luxembourg, the United States and
Sweden, more than 80% of public support goes to firms with
over 250 employees.

Many countries offer various financial incentives to encour-
age firms to engage in innovation activities (R&D and other),
but uptake varies between 20% and 40% in most countries.
In a large majority of countries, large firms tend to benefit
more from such schemes than SMEs. In several cases for
which earlier data are available, the rate of uptake among
innovative firms seems to have increased from 2006-08 to
2008-10.

Public support for innovation is generally more prevalent
in manufacturing than in services, although the differ-
ence is quite small in most countries. In Luxembourg, the
Netherlands, Finland and Switzerland the share of manu-
facturing firms receiving public support for innovation
exceeds that of services firms by 20 to 30 percentage points.
Only in the Russian Federation is the uptake of public sup-
port for innovation higher in service firms, although this
may include a significant number of firms whose main
activity is R&D services for others.

Definitions

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

Public support for innovation includes financial sup-
port 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.

The classification of firms by size follows the recom-
mendations of the Oslo Manual. In a majority of coun-
tries, it is calculated on the basis of the number of
employees. SMEs are defined as firms with 10-250
employees, with some exceptions: New Zealand 6+;
the Russian Federation 15+, Mexico 20+. For South
Africa, firm size is based on turnover.

Innovation statistics reported in this publication are,
unless otherwise specified, based on a common sec-
toral coverage, defined on the basis of the “core” list of
industries included in the CIS-2008 (see chapter
notes).
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3. Public support to innovation

Firms receiving public support for innovation, by firm size, 2006-08 and 2008-10
As a percentage of product and/or process innovative firms
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Source: OECD, based on Eurostat (CIS-2010) and national data sources, June 2013. See chapter notes.
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Firms receiving public support for innovation, manufacturing and services, 2008-10
As a percentage of product and/or process innovative firms in each sector
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Source: OECD, based on Eurostat (CIS-2010) and national data sources, June 2013. See chapter notes.
StatLink SazPa http://dx.doi.org/10.1787/888932892556

Measurability

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

Data on public support by firm size do not distinguish between SMEs that are part of a group and those that are inde-
pendent. The propensity of each of those types of firms to receive public support may differ significantly.

Data on public support for innovation refer to any kind of support scheme, but in the countries carrying out the
Community Innovation Survey (CIS), this only includes support for product/process innovations. In other countries,
public support can include support to other types of innovation, notably marketing and organisational. In the Canadian
Survey of Innovation and Business Strategy (SIBS), public support for innovation only includes grants and tax credit
programmes across all levels of government.
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4. The IP “bundle”

IP bundle of top 20 applicants, 2010-12
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StatLink contains more data. See chapter notes.
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Patents, trademarks and industrial designs can be used to
appropriate, exploit or protect the results of innovative and
creative activities. Evidence suggests that firms worldwide
increasingly rely on the joint use of these intellectual prop-
erty (IP) rights. The overall size and composition of the IP
“bundle” relate to a country’s industrial structure and to the
main characteristics of its firms, their innovativeness, cre-
ativity and competitiveness, and to framework conditions
such as trade openness and IP regimes.

The size and composition of the IP bundle vary notably
across countries in terms of the proportion of patents filed
at the European Patent Office (EPO), of Community trade
marks (CTM) and of registered Community designs (RCD). In
absolute terms, the United States, Germany and Japan are
the countries that rely most on these knowledge-based
assets. IP bundles registered at European offices generally
have a majority of patents, followed by CTM and RCD. For
Spain, Poland and the United Kingdom the IP bundles pre-
dominantly contain trademarks. In Poland and Italy designs
dominate (37% and 16% respectively).

In general, registered trademarks and designs relate to the
same categories of products at home and abroad, although
there are differences in the share of registrations accounted
for by the top two application fields. In the case of Korea,
these account for almost 50% of CTM and for more than 60%
of designs registered at home and abroad, with ICT and
audiovisual trademarks and designs responsible for the big-
gest shares in both.

Definitions

The IP bundle refers to the joint use of patents, trade-
marks and industrial designs, each protecting a differ-
ent type of knowledge-based asset. Patents are
exclusive rights granted for inventions, i.e. products or
processes providing new ways of doing something or
offering new technical solutions to problems. Patents
reward innovators but also require the disclosure of
the relevant technical knowledge and may thus enable
further technological developments. Trademarks are
distinctive signs - i.e. words, symbols, images, etc., or
a combination thereof — used to identify goods or ser-
vices. These aim to help customers choose products or
services that meet their needs and expectations, e.g.
in terms of quality or price. Registered trademarks are
often part of brand strategies, as brands can be legally
protected in so far as (some of) their parts are pro-
tected by IP rights. Industrial designs protect new and/
or original ornamental or aesthetic aspects of articles
rather than their technical features. Designs render
objects more appealing to consumers and increase
their marketability or commercial value.
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4. The IP “bundle”

Top two trademark application fields, by country, 2009-11

As a percentage of total trademark applications
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Source: OECD calculations based on OHIM, Community Trademark Database, CTM Download, May 2013; WIPO Statistics Database, November 2012. See
chapter notes.
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Top two design application fields, by country, 2009-11

As a percentage of total design applications
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2012. See chapter notes.
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Measurability

The initial focus on European IP offices is due to the extensive use that applicants worldwide make of them. The
WIPO-administered Madrid System for the International Registration of Marks and the Hague System for the Interna-
tional Registration of Industrial Designs are relatively less exploited, with yearly trademark applications varying
between 35 000 and 44 000 in 2006-12 (versus 63 000 to 84 000 CTM filed per year at OHIM), and designs registered
under the Hague System of up to 3 000 a year during the period considered (but up to 22 000 RCD a year).

There are differences in the territorial coverage of EPO patents and of CTM and RCD. EPO patents may be requested for
one or more contracting states (38 since 2010), whereas CTM and RCD have a unitary character and their geographic
scope cannot be restricted (see chapter notes). Territorial coverage also varies for trademarks and designs registered
through the WIPO-administered international system, depending on the contracting states.

In Germany and Spain, the proximity and accessibility of the EPO (Munich) and the OHIM (Alicante) may affect the
statistics.
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5. Trademarks

Top 20 trademark applicants, 2009-11 average
Trademark applications at USPTO, OHIM, JPO and national trademark offices,
thousands
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Trademarks (TM) are distinctive signs identifying goods and
services that are used by companies to distinguish their
offerings from those of competitors. By endowing products
with the unique characteristics associated with brand
names, they help make their owners more competitive and
thus ensure future earning streams. As TM registration
often accompanies the launch of new products and ser-
vices, it can serve as an indicator of innovative and market-
ing activity and can proxy non-technological innovation
and innovation in services. TM registered by foreign firms
provide information on market penetration by foreign com-
panies and may help reveal firms’ strategies in different
markets.

Firms show different propensities to rely on TM and to pen-
etrate foreign markets, as shown in TM applications at the
United States Patent and Trademark Office (USPTO), the
European Office for the Harmonization in the Internal
Market (OHIM) and the Japan Patent Office (JPO). This may
be due to factors such as the size of the target market, the
presence and location of foreign affiliates, economies’
industrial specialisation, trade agreements, and participa-
tion in global value chains. While BRIICS economies show a
lower level of trademark activity abroad than OECD coun-
tries, their presence, especially that of China, has increased
markedly in the United States, Japan and Europe over the past
decade. BRIICS firms appear to target mainly the US market,
followed by Europe. With the exception of the Russian
Federation BRIICS’ foreign market penetration has been par-
alleled by a marked rise in domestic TM registrations.

Most TM applications relate to goods in all markets consid-
ered, although the proportion varies among TM offices. The
share of service TM applications is generally largest in the
home market, i.e. at USPTO for US firms, at JPO for Japanese
companies and at OHIM for European ones. A varying pro-
portion of trademarks (up to 47% in the United Kingdom)
covers both goods and services and is typically larger in
Europe than in the United States and Japan. This may reflect
the growing sophistication of company strategies for offer-
ing bundles of goods and services to clients.

Definitions

Registered TM are a form of intellectual property pro-
tection for goods and services that grant exclusive
rights to their owners and help consumers choose
products that meet their needs and expectations in
terms of nature, quality and price. Protection is
enforced by the courts, which in most systems can
block infringements. A trademark’s country of origin is
defined according to the address of the firm or eco-
nomic agent listed in the trademark document.
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5. Trademarks

Trademark applications by BRIICS countries, 2000-02 and 2009-11 averages
Trademark applications at USPTO, OHIM, JPO and national trademark offices, thousands
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Share of goods and services trademark applications at USPTO, OHIM and JPO, 2010-12
As a percentage of total trademark applications, selected OECD and non-OECD economies
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Measurability

Applications to register trademarks are filed with the relevant national or regional trademark offices and contain the
list of goods or services (or both) to which the TM 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” (tenth edition, entered
into force on 1 January 2013) contains 34 classes of goods and 11 of services. Goods trademarks relate to classes 1-34;
service trademarks correspond to classes 35-45. Most countries allow for multi-class filings; a few (e.g. China) allow
only single-class applications. The period of TM protection may vary - it is typically ten years — and trademarks can be
renewed indefinitely upon payment of fees. Registration and maintenance fees vary substantially. They are generally
proportional to the number of designated classes, although OHIM, for example, allows up to three classes for the same
initial fee. This may affect overall statistics and the observed proportions of goods and services TM.
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6. Knowledge-asset-related trademarks

IP-transaction-related trademarks, 2004-07 and 2009-12
Trademark applications at OHIM and USPTO, top 20 applicants
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Data on the registration of trademarks (TM) can help shed
light on the extent to which economic agents specialise in
services and activities related to the generation and accu-
mulation of knowledge-based capital (KBC). They also pro-
vide interesting information about market penetration by
foreign firms in key markets and knowledge-related activi-
ties. The focus here is on trademarks related to R&D, which
is essential for knowledge creation and long-term innova-
tiveness, and on those related to intellectual property (IP)
and to information and communication technologies (ICT),
which have been increasing and are shaping the competi-
tiveness of firms and economies alike.

The registration of IP transaction-related TM increased sub-
stantially in both Europe and the United States from 2004-07
to 2009-12: it more than doubled in all economies consid-
ered. The increase in applications was less spectacular in
R&D-related TM; they even decreased slightly in the United
States, Denmark and Australia in some cases. R&D trade-
marks related to ICT account for between 54% and 93% of all
R&D-related trademarks, an indication of the complemen-
tarity of R&D and ICT. Finally, ICT-related trademarks iden-
tified on the basis of a content analysis of the goods and
services listed in the Nice Classification show that the
United States and Japan have decreased the number of ICT-
related trademarks applied for at OHIM in recent years,
whereas almost all other economies have generally
increased them. This may be due to the location of eco-
nomic activities or to differences in branding strategies.

Definitions

Knowledge-asset-related TM correspond to TM registra-
tions filed to protect services and activities related to
the generation and accumulation of KBC. Three main
KBC asset categories are considered: IP, R&D and ICT.
IP transaction-related TM aim to capture activities
explicitly related to the protection, management and
commercialisation of IP rights, such as patent licens-
ing services, IP consultation and legal mediation in the
field of IP. These TM are identified on the basis of key-
word searches in class 45 of the Nice Classification of
trademarks. R&D-related trademarks correspond to
class 42 of the Nice Classification and protect: scien-
tific and technological services and related research
and design services; industrial analysis and research
services; and the design and development of computer
hardware and software. This part of R&D TM overlaps
with ICT-related TM, which are identified on the basis
of keyword searches and concern both ICT goods and
services. ICT-related TM have been found in classes 9,
28, 35, 38, 41 and 42 of the Nice Classification.
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6. Knowledge-asset-related trademarks

R&D-related trademarks, 2004-07 and 2009-12
Trademark applications at OHIM and USPTO, thousands, top 20 applicants
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StatLink == http://dx.doi.org/10.1787/888932892727

Measurability

TM are classified according to the Nice Classification, which has 34 classes of goods and 11 of services. Applications
may be filed in one or more classes and must contain the list of goods and/or services for which TM protection is
sought (the so called “goods and services description”). TM offices generally recommend selecting the goods and/or
services from a list of terms previously validated by the office, as submitting non-validated terms may lead to delays
in registration. Application, registration and renewal fees increase with the number of classes designated in the appli-
cation. The list of keywords used to identify knowledge asset-related TM and ICT TM are chosen on the basis of a
semantic analysis of all terms and expressions listed in the subclasses of the Nice Classification. Future work will aim
to refine the goods and services considered in the present experimental work and to address the extent to which ICT-
related R&D TM overlap with ICT TM chosen on the basis of the semantic analysis. Using data from different offices or
related to different periods may give different results.
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Number of designs by Locarno class, 2006-08 and 2010-12

Registered Community designs, thousands
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The appearance of a good, i.e. its design, results from a cre-
ative process aimed at shaping one or more of its visual fea-
tures to make the product appealing to consumers.
Administrative data related to registered designs provide
information on how creativity moulds the “look and feel” of
articles, on the importance firms and customers attribute to
the aesthetic features of goods, on product differentiation
and customisation and, more generally, on the role of
design in shaping competition on the marketplace.

The complexity of a product and the range of aesthetic fea-
tures that may make it attractive to consumers can be better
understood by looking at the number of distinct designs
contained in design applications. On average, an application
contains 3.5 individual designs, with the number of individ-
ual designs in each application varying between eight (in
clothing) and two (in accident prevention devices). Over
2010-12, furnishing, clothing and ICT equipment account
for 30% of all designs contained in design applications.

In transport-related registered Community designs (RCD),
Germany and Japan play an important role in the field of
cars, and France and the United States in the design of air-
craft and space vehicles. Italy and France are very active in
the design of ships and boats, and cycles and motorcycles
account for the vast majority of RCD in the Netherlands and
Denmark.

The United States, Japan, Germany and Korea are the most
active in the design of ICT and audiovisual products. The
United States is strong in data processing equipment and
Korea in communication devices. France and Japan lead in
the design of audiovisual devices.

Definitions

Registered Community designs are intellectual prop-
erty (IP) rights granted to protect the ornamental or
aesthetic aspects of an article or of its parts against
copying or the independent development of similar
designs. RCD are valid in the European Union as a
whole, have an initial life of five years from filing, and
can be renewed for subsequent five-year periods up to
a maximum of 25 years. Only products or parts thereof
can be legally protected, not functionalities or ser-
vices. A single application can include several designs,
e.g. for a whole range of similar products or different
parts of the same product. Industrial designs follow
the Locarno Classification (established in 1968). Its
ninth edition, entered into force in 2009, contains 32
classes and 219 subclasses of goods. The classification
has an administrative character and does not bind
contracting countries with respect to the nature and
protection afforded by the design. The owner of an
RCD can act against infringement and request EU cus-
toms authorities to retain suspected counterfeit goods
while under their control.
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7. Registered designs

Transport-related designs, 2010-12
Registered Community designs, top 20 applicants
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ICT and audiovisual-related designs, 2010-12
Registered Community designs, top 20 applicants
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Measurability

Registered design data are used here for the first time to proxy the “creativity” that countries seek to protect on the
European market. Such data are publicly available and provide a homogenous set of information related to e.g. own-
ership and the specific goods concerned. Like all proxies, design data suffer from drawbacks, including selectivity and
truncation. Selectivity mainly stems from the fact that not all designs are registered - designers and owners may
decide not to seek IP protection - or cannot be registered, e.g. if the designs are not novel or original or are exclusively
dictated by the product’s technical function. Also, industrial designs cannot be registered everywhere in the world.
The United States is a notable exception, as industrial design is protected through the concurrent use of design pat-
ents, copyrights and trademarks. Finally, no information about the value of the asset is available in administrative
data. Truncation mainly arises because of delays in making administrative data public and, in the case of RCD, because
applicants have the right to keep the design confidential for up to 30 months from filing.
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8. Trademarks and patents

Firms with trademarks and patents, 2009-11
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Source: OECD calculations based on US Patent and Trademark Office Bulk
Downloads: Trademark Application Text hosted by Google, May 2013;
OHIM Community Trademark Database CTM Download, May 2013;
Worldwide Patent Statistical Database, EPO, April 2013; and ORBIS©
Database, Bureau van Dijk Electronic Publishing, June 2011; matched
using algorithms in the Imalinker system developed for the OECD by
IDENER, Seville, 2013. See chapter notes.
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To be competitive, firms and industries rely on their innova-
tiveness and their capacity to diversify their goods and
services from those of their competitors. Administrative
data on patent and trademark (TM) registrations provide
important information about firms’ ability to innovate tech-
nologically (patents) and to propose new services and
implement non-technological innovations (like organisa-
tional or marketing) in order to add value that customers
will recognise and be willing to pay for (TM).

In the different economies considered, firms’ propensity to
patent ranges from 8% to 68%. Between 20% and 90% tend to
rely on trademarks. Only between 3% and 12% appear to use
both patents and trademarks to compete in key markets
such as Europe and the United States. These differences
may depend on factors such as the structure of the econ-
omy, including the age and size distribution of firms, the
propensity of enterprises to rely on intellectual property (IP)
rights, and the economy’s openness to trade, participation
in global value chains, and industrial specialisation.

The top two industries in terms of number of firms account
for 50% (the Netherlands) to 24% (Ireland) in the case of
firms applying for TM, and between 37% (Ireland) and 19%
(Canada) in the case of patent-filing enterprises. Wholesale,
retail and trade stands out as the industry in which firms
are most likely to register at least one TM application;
patent-related patterns are less clear-cut and reflect the
specialisation of the different economies.

Excepting Japan and Finland, small firms with 20-49
employees are more likely to file TM applications than pat-
ents. Medium-sized and large firms account for between
69% and 92% of patenting firms.

Definitions

Data refer to patents filed at the European Patent
Office (EPO) and at the US Patent and Trademark Office
(USPTO), and to trademarks registered at the Office of
Harmonization for the Internal Market (OHIM) and at
the USPTO between 2009 and 2011. The names of pat-
enting and trademarking firms were linked to names
of firms in the ORBIS© database which contains struc-
tural and financial information about firms located
worldwide. The linkages were established using com-
binations of string matching algorithms to optimise
the precision of the match and minimise false positive
and false negatives. The list of industries is based on
ISIC Rev.4, and firms are allocated to sectors according
to the information provided in ORBIS®. Size classes
are based on the number of employees reported in
ORBIS®© for 2009 or nearest available year.
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8. Trademarks and patents

Top two industries with trademarks and patents by country, 2009-11
As a percentage of firms with patents and/or trademarks
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Firms with trademarks and patents, by size, 2009-11
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Measurability

Firms filing at least one patent or trademark application at the EPO, OHIM or USPTO were matched to enterprise data
using name harmonisation procedures and string matching algorithms. As it was not possible to access economy-
specific business register data, firm data were obtained from ORBIS©, a commercial dataset. However, the coverage of
firms in ORBIS® is not exhaustive and the representativeness of the data appears to vary substantially among age and
size classes, across economies and over time. To address the selection and consistency issues that such drawbacks
may cause, the analysis was restricted to economies with matching rates above 80% of patent and trademark filings
in the 2000s. The only exceptions are US and Canada trademark filings, for which matching rates are 76% and 70%,
respectively. Owing to data shortages, firm data were not consolidated at the group level; this may affect the statistics
on the number and size of firms filing both patents and trademarks. Where no employment data were available, size
classes were imputed on the basis of complementary financial information (e.g. turnover), where available.
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9. Entry, exit and survival

Employer enterprise survival rates, 2007 and 2009
As a percentage of all employer enterprises, 2006 reference cohort
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Source: OECD (2013), Entrepreneurship at a Glance 2013, OECD Publishing.
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Entrepreneurship and entrepreneurial dynamics are at the
heart of employment and productivity. The birth of new
firms and the death of non-viable ones are essential to an
economy’s experimentation and creative destruction. As
new, more productive firms appear on the market and grow,
less productive ones are driven out of business. The rate at
which firms are born reflects the ability of economies to
create entirely new businesses and to experiment, while
death rates, i.e. the rates at which firms exit the market,
reveal the extent to which less competitive enterprises dis-
appear. Birth, survival and death rates are shaped by frame-
work conditions such as access to credit, employment
protection legislation, bankruptcy law and administrative
red tape, as well as by the dynamics of economic cycles and
global value chains.

Economies and industries differ in the proportion of new
firms that survive after one or more years of activity. Among
new firms born in 2006, first-year survival rates in manufac-
turing vary between 62% (in Korea) and 90% (in Slovenia and
Luxembourg). The figures are very similar for both manu-
facturers and service providers. After three years of activity,
firms’ survival rates range between 41% (in Korea) and 68%
(in Slovenia). While survival rates of employer enterprises
are generally higher in manufacturing than in services,
manufacturing firms born in 2006 were equally hit by the
crisis and in 2009 exhibit only slightly higher survival rates
than those in services.

A breakdown by industry shows that there is more entry
and exit in services than in manufacturing, with a net exit
of both manufacturing and services enterprises in 2010 in
most countries. In 2010 the percentage of active enterprises
accounted for by new-born manufacturing firms varied
between 2% and 16%, whereas the share of new-born
services firms ranged between 3% and 22%. In the same
year, the share of exiting firms varied between 2% and 14%
in manufacturing, and between 3% and 19% in services.

Definitions

Survival rates correspond to the percentage of enter-
prises born in a certain year that survive for n years.
Employer enterprise births consist of “new” enterprises
reporting at least one employee in the birth year and
of existing enterprises reporting for the first time one
or more employees in the observation year. Births do
not include entries due to e.g. mergers, break-ups or
restructuring. Birth rates correspond to the ratios
between the number of births and the population of
active enterprises with at least one employee. Death
occurs either when an enterprise closes down or when
it shrinks below the one employee threshold for at
least two years.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY SCOREBOARD 2013 © OECD 2013


http://dx.doi.org/10.1787/888932892860

9. Entry, exit and survival

Employer enterprise birth and death rates in the manufacturing sector, 2010
As a percentage of the population of active enterprises with at least one employee
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Source: OECD (2013), Entrepreneurship at a Glance 2013, OECD Publishing. See chapter notes.
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Employer enterprise birth and death rates in the services sector, 2010
As a percentage of the population of active enterprises with at least one employee
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Source: OECD (2013), Entrepreneurship at a Glance 2013, OECD Publishing. See chapter notes.
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Measurability

Employer-related indicators are generally better for international comparisons than indicators covering all enter-
prises, as the latter are sensitive to the coverage of business registers (BR). In many countries, the main sources of data
used in BR are administrative tax and employment registers, and capture only businesses above a certain turnover
and/or employment threshold. Moreover, thresholds often change over time. The concept of employer enterprise is
not without problems, however, as it excludes the self-employed. Compared to data on births of employer enterprises,
information on enterprise deaths requires additional time because it needs ascertaining that the enterprise has not
been reactivated (or had no employees) in the two years following its death.
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10. Firm employment dynamics

Employment, job creation and job destruction in young
and mature firms, 2001-11

Percentage shares, non-financial business sector
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Firm employment dynamics are at the heart of the process
of creative destruction, of the reallocation of resources
across firms, and of productivity growth. However, the data
required for international comparative analysis over time
are scarce and often difficult to access. To fill this gap, the
OECD DYNEMP project has developed a new cross-country
database of micro-aggregated firm-level data from adminis-
trative data sources, mainly national business registers.

Initial evidence shows that, on average, although young
firms represent only 17% of total employment, they contrib-
ute more than proportionally to job creation across the
OECD economies considered, i.e. for 45% of the total. For
their part, mature businesses have approximately the same
weight in terms of employment share and gross job cre-
ation, at 16% and 13%, respectively, while old businesses
account on average for 60% of employment but only 35 % of
gross job creation.

Differences in the magnitude of this phenomenon point to
the importance of national policies and business environ-
ments in fostering the birth and growth of new firms. In
some countries, young firms account for more than half of
the economy’s total gross job creation.

This general pattern also holds for the main sectors of the
economy. The dynamism of young firms in the market ser-
vices sector is accentuated by the fact that these firms have
a higher share of total employment than in manufacturing.
However, in the non-financial market services sector, the
ratio of gross job creation to the share of employment for
young firms is only 2.3 on average whereas in manufactur-
ing it is almost 3.3.

Definitions

Employment refers to the total number of employees,
typically headcounts. In each year, gross job creation is
defined as the sum of all positive unit-level job varia-
tions relative to the previous year. Gross job destruction
is defined as the sum of all negative unit-level job
variations relative to the previous year. The figures
report the shares of employment, gross job creation
and gross job destruction in young firms averaged over
the period 2001-11 or nearest available years. Firm age
corresponds to the difference between the reference
year and a firm’s year of birth. Young firms are five
years old or less. Mature businesses are between six and
ten years old. Old businesses are eleven years old or
more. Business registers are administrative data sources
that provide comprehensive coverage of firms’ entry,
exit, employment and/or turnover from social security
records, tax records, censuses and/or other sources.
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10. Firm employment dynamics

Employment, job creation and job destruction in young firms, manufacturing, 2001-11
Percentage shares
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Source: OECD calculations based on the OECD DYNEMP data collection, July 2013. See chapter notes.
StatLink Si=r http://dx.doi.org/10.1787/888932892936

Employment, job creation and job destruction in young firms, non-financial services, 2001-11
Percentage shares
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Source: OECD calculations based on the OECD DYNEMP data collection, July 2013. See chapter notes.
StatLink SazP http://dx.doi.org/10.1787/888932892955

Measurability

Owing to the confidential nature of the information in business registers (BR), access is often restricted. Also, because
national sources are generally not directly comparable, key concepts must be harmonised. To this end, the OECD has
developed statistical routines for researchers to run on national-level data. The DYNEMP database currently contains
non-confidential comparable statistics for 15 OECD economies and Brazil on employment, gross job creation and
destruction by firm age, size and macro-sectors. The statistics are preliminary, e.g. mergers and acquisitions are not
accounted for. Also, differences exist in the minimum threshold above which a unit is captured, as when a BR builds
on tax records and filing is compulsory only above a given level of turnover or of employment (or both). Owing to
methodological differences in constructing these indicators, DYNEMP statistics may deviate from official statistics
published by national statistical offices. For instance, f